PTO-1390 (06-13)
Approved for use through 6/30/2013. OMB 0851-0021
U.8, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1965, no persons re required 1o respond to 8 coliection of information unfess it displays a valid OMB control number.
TRANSMITTAL LETTER TO THE UNITED STATES  |&oioamns
DESIGNATED/ELECTED OFFICE (DO/EO/US) TS, Appication No. (7 known, 506 37 GFR 1.5)
CONCERNING A SUBMISSION UNDER 35 U.8.C. 371

International Application No. International Filing Date Priarity Date Claimed

PCT/GB2016/051688 June 8, 2016 June 9, 2015

Title of Invention

COATINGS

Firat Named tnventor

Stephen Richard COULSON

Applicant herewith submits to the United States Designated/Elected Office (DO/EQ/US) the following ltems and other information.

1. This i3 an express request to begin national examination procedures (35 U.8.C. 371(f)). NOTE: The express request under
35 U.8.C. 371{f) will not be effactive unless the requiremeants under 35 U.S.C. 371(c){1), (2), and {4) for payment of the basic nationat
fee, copy of the Intemational Application and English translation thereof (If required), and the oath or declaration of the inventor(s)
have been recelved.

2. A copy of the International Application (35 U.5.C. 371(c)(2)) i3 attached herelo (not required if the international Appfication was
previously communicated by the International Bureau or was filed in the United Siates Receiving Office (ROMS)).

3. An English language transtation of the International Application (35 U.5.C. 371{c)(2))
a. D is attached hereto.
b. D has been previously submitted under 35 U.$.C. 154(d)(4).
4, An oath or declaration of the inventor(s) (35 U.8.C. 371(cK4))
a. D Is gttached.
b. D was previously filed in the international phase under PCT Rule 4.17{iv).
ltems 5 {0 8 bhelow concern amendiaents made in the international phase.
PCT Adicle 18 and 34 amendments

5. D Amendments {o the claims under PCT Article 19 are attached (not required if commiunicated by the International Bureau) (356 U.8.C.
37He)(3)
8. D English transiation of the PCT Anticle 19 amendment is attached (35 U.8.C. 371(¢)(3)).

7. D English transiation of anhexes (Article 19 and/or 34 amendments only) of the international Preliminary Examinatiorn Report is
attached (35 U.S.C. 371(0)5). v

Canceliation of amendments made in the intemational phase
8a. D 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 Adicle 19 or 34 will be entered in the U.S. natlonal phase application absent a clear
Instruction from applicant not o enter the amendmeni(s).

Tha following items 8 to 17 concem a document(s} or information included,

8. E_] An Informalion Disclosure Statement under 37 CFR 1.97 and 1,98,

10. [_] A prefiminary amendment.

11. An Application Data Sheet under 37 CFR 1.76.

12. m A substitute speceification. NOTE: A substitute specification cannot include claims. See 37 CFR 1,125(b).
13 A power of attorney andfor change of address letter.

14. E] A computerreadable fonn of the sequence listing in accordance with PCT Rute 13ter.3 and 37 CFR 1.821-1.828.

15. [:} Assignment papers (cover sheet and document(s)). Name of Agsignes:

18. D 37 CFR 3.73(c) Statement (when there is an Assignea).

This collection of information is required by 37 CFR 1.414 and 1.491-1.492. The Information is required to obtain or retain a banefit by the public, which is to file
{and by the USPTO to process) an application. Confidentiality s govarned by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14, This collection iz estimated to take 18
ninutes-to complete, including gathenng, preparing, and submifting the completed application form to the USPTO. Time wilf vary depending upon the individust
case. Any commanta on the armeurt of imes you reguire to completa this-form and/or suggestions for reducing this burden should be sent to the Chisf information
Otficar, U.8. Patent and Trademark Office, U.S. Department of Commerce, P.O, Box 1450, Alexandnia, VA 22313-1450, DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Mail Stop PCT, Commissioner for Fatents, P.0O. Box 1450, Alexandria, VA 22313-1450.
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PTQ-1390 (06-13)

Approved for use through 6/30/2013. OMB 0661-0021

U.S. Patent and Tradamark Office; U.S. DEPARTMENT OF COMMERCE

LUnder the ngerwork Redyction Act of 1985, no persons are requlced 1o respond to a collection of infarmation unless it displays a valid OMB control number,

8. APPLN. No. (if known - see 37 CFR 1.5) INTERNATIONAL APPLICATION No. ATTORNEY DOCKET No.

PCT/GB2016/051688 GBLO0O7/US

7. D Other items ar information:

The following feas have bean submitted. CALCULATIONS PTC USE ONLY
18. {/] Basic nationat fee (37 CFR 1.4B2(8)) w.-v.vvorvorersmsmrsarmssrssisesinssarsarsen $280 $ 280
19.|v] . Examination fee (37 CFR 1.462(c))

If the written opinion prepared by ISA/US or the international preliminary 720

examination report prepared by IPEA/US indicates all claims satisfy provisions of 3

PCT Article 33(1)-(4) .... $0

Al other SEHAHONS ..o vavr e e e e e

20. [L’J Seaarch fee (37 CFR 1.492(b)}
If the written opinion prepared by ISA/US or the international prefiminary 480
examination report prepared by IPEA/US indicates all claims satisfy provisions of
PCT AfIclE 33(11{4) crvvieiivo it et s s e s e ais $0
Search fee (37 CFR 1.445(a){(2)) has been patd on the internat!onal application to $
the USPTO as an international Searching AUtholty «......oviin i $120
International Search Repoit prepared by an [SA other than the U8 and provided ta
the Office or previously communicated to the US by the 1B .....coociiv e $480
At other SRUBHONS ..o cvrecrevrniorerseirssirne e s siracrsisee s presiesngerens .- 5600

TOTAL OF 18, 18,and 20 = § $ 1 480

D Additionat fee for specification and drawings filed in paper over 100 sheets
{excluding sequence fisting in compliance with 37 CFR 1.821(c}or {&) in an
electronic medium or computer program listing in an electronic medium) (37 CFR

1.492(5)).
Fee for each additional 50 sheets of paper or fraction thereof ............... $400
Number of each addition 50 or fraction
Total Sheets | Extra Sheets theraaf (rourd up to a whole number) RATE
100 = /50= x $400 $
Surcharge of $140.00 for furnishing any of the search fee, examination fee, or the vath or $140
declaration after the date of commencement of the niational stage (37 CFR 1.492(h)).
CLAIMS NUMBER FILED NUMBER EXTRA RATE
Totaf claims ~20= x $80 $
Independent claims -3= X $420 $
MULTIPLE DEPENDENT CLAIM(S) (if applicable) +§780 $
Processing fee of $1440.00 for fumishing the Englishi transtation Iater than 30 months from the $
earliest claimed priority date {37 CFR 1.492(1)). +
TOTAL OF ABOVE CALCULATIONS = | $1,620

[ | Applicant asserts small entity status. See 37 CFR 1.27, Faas above are reduced by %,

D Applicant certifies micro entity status, See 37 CFR1.29. Feas above are reduced by %.
Apphicant must attach form PTO/SB/18A or B or equivalent,

TOTAL NATIONAL FEE = | $1 620

Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignmernt must be $
accomgpanied by an appropriste cover sheet (37 CFR 3.28, 3.31). $40.80 per propenty. +

TOTAL FEES ENCLOSED = | $1 620

Arnount to b

refunded: 3
Amount to be $
charged:

[Page 2 of 3}
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RTQ-1390 (06-13)

Approved for use through 6/30/2013. OMB 0661-0021

U.S, Patent and Tradamark Office; U.S. DEPARTMENT QF COMMERCE

Under the Paparwork Reduction Act of 1995, no persons are requirad to fespond to a-colisction of infarmation unless it dispiays a vafid OME controf number.

a U A check in the amount of § to cover the above fees is enclosed.

b. D Please charge my Deposit Account No. inthe amount of § to cover the above fees.

[ZI The Director is hereby authorized to charge additional fees which may be required, or credit any overpayment, to Deposit Account
No. s0.1778 as follows:

i [] anyrequired fee.

i, any required fee except for excess claims fees required under 37 CFR 1.492(d) and (e) and multiple dependent claim feg
required under 37 CFR 1.482(f).
d. Fees arefo be charged to a credit card. WARNING: Information on this form may become pablic. Credit card information should not
be Included on this form. Provide credit card information and authorization on PTO-2038, The PTQ-2038 should only be mailed or
faxed to the USPTO. However, when paying the basic national fee, the PTQ-2038 may NOT be faxed to the USPTO.

ADVISORY: iffiling by EFS-Web, do NOT attach the PTO-2038 form as a POF along with your EFS-Web submission. Please be
adviged that this is not recommended and by doing so your credit eard information may be displayed via PAIR. To protect your
information, it is recommended to pay fees online by using the glectronic payment method,

NOTE: Where an appropriate time limit under 37 CFR 1.488 has not been met, a potition to revive (37 CFR 1.137(a) or {b)) must be
filed and granted to restors the International Application to pending status,

Statement under 37 CFR 1.88 or 1.78 for AlA (First Inventorto Fueﬁ’ransition 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 affective fifing date on or after March 16, 2013.

NOTE 1: By providing this statement under 37 CFR1.58 or 1.78, this application, with a fifing date on or.after March 18, 2013, will be
examined under the first invantor to {ile provisiong of the AlA.

NOTE 2: AU.S. national stage spplication may not claim priority to the international application of which it is the national phase. The fifing
date of a U.S. national stage application is the international filing date. See 25 U.8.C. 363.

Correspondence Address

The address associated with Customer Number; e CR [J Correspondence address befow
Name
Address
City State Zip Code
Country Telephone
Email

Signature \{A,:“‘“ . ﬁ“\ﬁ* vate | December 8, 2017
N\ v, ;
Neme o |Paul J>Parins inmnayngen | 54,358
{Page-3 of 3]
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PTO/AIA/ 14 (11-15)

Approved for yse through Q4/30/2017.. QMB 0681-0032

U.8. Patent and Tradsmark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respand to a collection of information unless it contains a valid OMB coritrol number,

Attorney Docket Number | GBLOOO7/US

Application Data Sheet 37 CFR 1.76 ——
Application Number

Title of Invention | COATINGS

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. Tha following form containg the
bibliographic data arranged in g format specified by the Uniled States Patent and Trademark Office as outlined in 37 GFR 1.786.

This document may be completed electronically and submitied to the Office in electronic format using the Electronic Fillng System {EF3) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all 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
Legal Name
Prefix| Given Name Middle Name Family Name Suifix
Stephen Richard COULSON
Residance Information (Select One) () USResidency (@ NonUSResidency () Active US Military Service
City |Abingdon Country of Residence ! GB

Mailing Address of inventor:

Address 1 ¢/o P2i Lid 8-12 North Central, 127 Qlympic Avenue
Address 2 Mifton Park
City Abingdon I State/Province ‘
Postal Code OX14 4SA ! Country | GB
Inventor 2
Legal Name
Prefix| Given Name Middie Name Family Name Suffix
Delwyn EVANS
Residence Information (Select One) () US Residency  (8) NonUS Residency () Active US Military Service
City |Abingdon Country of Residence ! GB

Malling Address of Inventor:

Address 1 ¢/o P2i Lid 9-12 North Central, 127 Qlympic Avenue
Address 2 Milton Park

City | Abingdon | State/Province
Postal Code OX14 43A | Countryl | cB
Inventor 3

Legal Name

EFS Web 2.2.12 Ex. 1028 - Favored - p. 4




PTO/AIA/14 (11-158)

Approved for use through 04/30/2017. -OMB 0851-0032

U.8. Patent and Trademark Qffice; U.S. DEPARTMENT OF COMMERCE

Undsr the Paparwork Reduction Act of 1895, no persons are reguired to respond to a collection of information unless it containg a valid OMB control number,

Attorney Docket Number | GBLO0O7/US
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | COATINGS

Prefix; Given Name Middle Name Family Name Suffix
Angeliki SIOKOU
Residence Information (Select One) (O USResidency (@ NonUSResidency () Active US Military Service
City |Abingdon Country of Residence ! GB

Mailing Address of Inventor:

Address 1 c/o P2i Lid 3-12 Narth Central, 127 Olympic Avenue

Address 2 Miltan Park

City Abingdon State/Province |

Postal Code OX14 4SA Countryi | GB

Inventor 4

Legal Name

Prefix] Given Name Middie Name Family Name Suffix
Clive TELFORD

Residence Information (Select One) (O USResidency (@ NonUSResidency () Active US Military Service

City | Abingdon Country of Residence ! GB

Mailing Address of Inventor:

Address 1 ¢/o P2i Lid 9-12 North Central, 127 Olympic Avenue

Address 2 Miltan Park

City | Abingdon | State/Province |
Postal Code | OXt4.45A | Countryi | oB

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

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 correspondance information of this application.

Customer Number 33072
Email Address | Add Emall |
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

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 OMB control number.

Attorney Docket Number | GBL0O007/US

Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | COATINGS

Application Information:

Title of the Invention COATINGS

Attorney Docket Number| GBL0007/US Small Entity Status Claimed [ ]
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 6 Suggested Figure for Publication (if any)

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). ]
]

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)

Req uest Not to Publish. | 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 | (O US Patent Practitioner (O Limited Recognition (37 CFR 11.9)

Customer Number 33072

Ex. 1028 - Favored - p. 6
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PTQIAIAMA (11-15)

Approved for use through 04/30/2017. OMS 0851-0032

U.8. Patent and Trademark Qffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no parsons are required to respond to a colfsction of Information unfgas it cantains & valid OMB gantrol number,

Attorney Docket Number | GBLOOO7/US
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | COATINGS

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.5.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.8.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 “Remove
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. 118(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible far retrieval under the priority document exchange program (PDX)' the information will be used by the Office to
automaticaily attempt retrieval pursuant to 37 CFR 1.85(1)(1) and (2). Under the PDX program, applicant bears the ultimate
respongibility for ensuring that a copy of the foraign application is received by the Office from the participating foreign inteflectual
property office, or a certifiod copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number Countryi Filing Date (YYYY-NMM-DD)
15386017.6 EP 2015-06-08
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 AlA (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

gontains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 18,2013,

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA,

EFS Web2.2.12 Ex. 1028 - Favored - p. 7



PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

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 OMB control number.

Attorney Docket Number | GBL0007/US

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 (WIPQO), 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 B in 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
[] 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
[] 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 USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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PTQIAIN14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required to respand toa collection of information unless it contains a valid OMB contret numbar.

Attorney Docket Number | GBLO0O7/US
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | COATINGS

Applicant Information:

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

Applicant 1

if 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 is the hame and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, persan to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matier who is the applicant under 37 CFR 1.486. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, of person who otherwise shows sufficient
praprietary interest) together with one or more joint inventors, then the joint inventor or inventors who arg also the applicant shouid be
identified in this section. s

(O Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint inventor

Person to whom the inventor is obligated to assign. (O  Person who shows sufficient proprietary interest

if applicant is the lagal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally incapacitated inventor:

If the Applicant is an Organization check here. X

Organization Name P2j Ltd

Mailing Address Information For Applicant:

Address 1 9-12 North Cantral, 127 Qlympic Avenue

Address 2 Milton Park

City Abingdon State/Province

Country | GB Postal Code OX14 45A
Phone Number Fax Number

Emall 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 daes not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Qffice.
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PTO/AIA/14 (11-15)

Approvad for use through 04/30/2017. OMB 0851-0032

U.8. Patent and Tradeimark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1898, no parsons. are. required to respond to a callection of infarmation unfgas it contains a valid OMB control numbar.

Attorney Docket Number | GBLO0O7/US
Application Number

Application Data Sheet 37 CFR 1.76

Titte of Invention | COATINGS

Assignee 1

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

If the Assignee or Non-Applicant Assignee s an Organization check here. ]

Prefix Given Name Middie Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Countryi Postal Code
Phone Number Fax Number

Email Address

Additional Assignee or Nan-Applicant Assignee Data may be generated within this fort by
selecting the Add bution.

Signature:

NQTE: This Applicatian 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 not checked in
subsection 2 of the “Authorization or Opt-Qut of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity {(e.g., corporation or association). If 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/B1) on behalf of all joint inventor-applicants.

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

LY
T
:

o

Signature Date (YYYY-MM-DD)| 2017-12-08

First Name | Paul J. Last Name | Parins Registration Number | 54,358

Additional Signature may be generated within this form by selecting the Add button.
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PTO/AIA/4 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

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 OMB control number.

Attorney Docket Number | GBL0007/US

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | COATINGS

This collection of information is required by 37 CFR 1.76. 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 23 minutes to complete, including gathering, preparing, and submitting the completed application data
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(57) 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 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 sufticient to allow formation of the cross-linked polymeric coating on a surtface there -
of, wherein the monomer compound has the following formula: where R, R; and Ry are each independently selected from hydrogen,
optionally substituted branched or straight chain C,-Cs alkyl or halo alkyl or aryl optionally substituted by halo, and R is selected
from: or where each X is independently selected from hydrogen, a halogen, optionally substituted branched or straight chain C,-Cs
alkyl, halo alkyl or aryl optionally substituted by halo; and n; is an integer from to 27; and wherein the crosslinking reagent com-
prises 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.
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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 polymensation
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 (PFACS8), 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. Forthe 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 (1H,1H,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/ul/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:

Ri R
=
R Ry

where R4, R> and R, are each independently selected from hydrogen, optionally substituted branched
or straight chain C;-Cg alkyl or halo alkyl or aryl optionally substituted by halo, and R; is selected from:

L [x o [x]
X X
N4 nq
or
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where 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 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 repeliant layer. The coating

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

Alternatively, or in addition to providing a liquid repelient 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 AZ/d <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 AZ/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,
AZ/d = 0.15 means that the voids on the surface only extend down to 15% of the coating thickness. A
coating with a AZ/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 1m
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 20-100g 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 repelient, 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 pl droplets of deionised water at room temperature.

Crosslinker

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:

Y, Y,
Y \ / Ys
L
o Y3 Yo o, Yr———L—=—VY,

where Yy, Yz, Y3, Y4, Y5, Y5, Y7 and Yy are each independently selected from hydrogen, optionally
substituted cyclic, branched or straight chain C,-Cg alkyl or aryl; and L is a linker moiety.

Most preferably L has the following formula:
“LLL/YQ\Y/YQ
(iii) 10
where each Yy is independently selected from, a bond, -O-, -O-C(QO)-, —C(0O)-0O-, -Y;-O-C(O)-, -C(O)-
O-Y,4-, -OY44-, and —Y,,0O-, where Y, is an optionally substituted cyclic, branched or straight chain
C;-Cg alkylene; and
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Y0 is selected from optionally substituted cyclic, branched or straight chain C;-Cz alkylene and a

siloxane containing group.

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

[y

2
s—C ;
Y3
n

(iv)

wherein each Y,;; and Y3 is independently selected from H, halo, optionally substituted cyclic,
branched or straight chain C;-Cs alkyl, or —OY4, where Y, is selected from optionally substituted
branched or straight chain C4-Cg alkyl or alkenyl, and n is an integer from 1 to 10.

Optionally, each Y, is H and each Y3 is H, i.e. Y is a linear alkylene chain. For this embodiment Yg
is preferably a vinyl ester or vinyl ether group.

Optionally, each Y, is fluoro and each Y ; is fluoro, i.e. Yq is a linear perfluoroalkylene chain.

Typically, n is from 4 to 6.

In another embodiment Y, has the following formula:

Yis Yis
$—Si—O0—Si—3
s S 13

Y15 Yis

)

wherein each Y5 is independently selected from optionally substituted branched or straight chain C-
Cs alkyl.

In one embodiment each Y5 is methyl, and each Yy is a bond.

In a further embodiment Y4, has the following formula:
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Yie Y17

Yio Yis

(i)

wherein Y5 to Y9 are each independently selected from H and optionally substituted branched or
straight chain C4-Cjg alkyl or alkenyl. A preferred alkenyl group is vinyl. Optionally Y, is H or vinyl, and
Y16, Yq7 and Y,g are each H. In one embodiment each of Y4 t0 Yygis H. In another embodiment Y,z is

vinyl, and Y,g, Y47 and Y9 are each H.

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

O_ Y o o O
e \n/ 1OT N “'-z.L/U\O’Ym‘O)J\f’

(vii) o o (viii)
O O
.,LLL/\O)J\ Yéj\o/\;‘_f

(iX)

O

O
" “‘Lb/U\O/\YG\O)l\‘.r‘J

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

SR 0. 0. > O _Y10_-O-
(xi) ~ Y10 ~ (xii) VL"" r"rr

For L according structure (vii), Yo 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,p 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), Yo is preferably cycloalkylene, such as the cyclohexylene according
to structure (vi).

For L according to structure (x), Yo is preferably structure (iv) wherein each Y.z and Yz is F, i.e. a
perfluoroalkylene chain.

For L according to structure (xi) or structure (xii) Yo 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 Yo 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 Yo is O, each Yo is preferably a branched or straight chain C+- Cs 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 Ye group can be combined with any other Yo group and Yioc group to
form the crosslinking reagent.

The skilled person will be aware of possible substituents for each of the cyclic, branched or straight
chain C+-Cs 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 C4-Cs alkylene group may be a C1-Cs, C2-Cs, or Cs-Cs alkylene group.

Particularly preferred embodiments of the crosslinker have alkyl chains for Y10 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 (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), Diallyi 1,4-
cyclohexanedicarboxylate (DCHD), 1,6-Divinylperfluorohexane (DVPFH), 1H,1H,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 C+-Cs alkylene or an ether group. L may be a Cs, C4, Cs, or Cs 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) 0]
H-C (@)
X o~ CH,
o
1,4 Butanediol divinyl ether = /\/\/O CH,
HzC/\O ~NF
(BDVE)

1,4 Cyclohexanedimethanol
divinyl ether (CDDE)

1,7 -Octadiene (170D) HZC\/\/\/\
CHs

1,2,4 -Trivinylcyclohexane x>
CH,
(TVCH)
H,C CH;
2 x /
1,3' CHa CH3
Divinyltetramethyldisiloxane ——SI—O0—S8i——_
H.C | | CH;
(DVTMDS) CHa CHs
Diallyl 1,4- o o] .
\/\CHz
cyclohexanedicarboxylate
(DCHD)
/ CH2
o o P
1,6-Divinylperfluorohexane F F F
F F F,
/ _~CH
(DVPFH) HZC/WM/ 2
F F F
1H,1H,6H,6H- o F £
F F
Perfluorohexanediol HzC\\)LO ™ = O\[]/%CHZ
diacrylate (PFHDA) F E (o)
GBDA o~ \=CHz
8
H,C7 N0
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HC_J;_CH

1,6-heptadiyne — —

—/\FCH
1,7-heptadiyne HC=—

1,8-heptadiyne HCMCH

Propargyl ether HC_—/ :_CH

Table 1

Monomer Compound

The monomer compound has the following formula:

R, Rs
Yot
R Ry

where Rq, R; and R4 are each independently selected from hydrogen, optionally substituted branched

or straight chain C-Cs alkyl or halo alkyl or aryl optionally substituted by halo, and R; is selected from:

A I3 . [X]
O—C-—CXs §—o>\ [(';J CX
X X
N4 nq
or

where each X is independently selected from hydrogen, a halogen, optionally substituted branched or
straight chain C,-Cg alkyl, halo alkyl or aryl optionally substituted by halo; and n, is an integer from 1
to 27. Preferably, nq is from 1 to 12. Optionally n, is from 4 to 12, optionally 6 to 8.

In a preferred embodiment R, is selected from:
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5 O I O N [ N
TN R S LIRS

Lo,
|

where my is an integer from 0 to 13 and each X is independently selected from hydrogen, a halogen,
optionally substituted branched or straight chain C;-Cg 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 I(a):

I(a)

Ri O Rs R-,-[Rg] X I'x
l ]

! I

R N ~o T | [T IST TS 1%

R Rs | Rio| | X CXs
R4 a b c

wherein each of Ry, R,, R4, and R; to Ry is independently selected from hydrogen or an optionally
substituted C;-Cg branched or straight chain alkyl group; each X is independently selected from
hydrogen or halogen; a is from 0-10; b is from 2to 14; andcis 0 or 1;

;ar
the monomer is a compound of formula I(b):

I(b)

Ry Q Re Ry [Ro] [X] [X |
R, c——+—¢ C

S L TR [ TE

wherein each of Ry, Rz, Ry, and R; to Ry, is independently selected from hydrogen or an optionally
substituted C4-Cg branched or straight chain alkyl group; each X is independently selected from
hydrogen or halogen; a is from 0-10; bis from 2to 14; andcis O or 1.
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The halogen may be chilorine or bromine, but is preferably fluorine for compliance with RoHS
regulations (Restriction of Hazardous Substances).

a is from 0 to 10, preferably from O to 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, Rz, R4, and Rs to R1ois independently selected from hydrogen or a C1-Cs 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, Rz, R4, and Rs to Riomay be haloalkyl, preferably fluoro
alkyl. Other possibie 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, Rz, R4, and Rs to R1o 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, Rz, R4, and Rs to R1o is independently selected from hydrogen
or methyl.

In a preferred embodiment, a and ¢ are each independently O or1; and bis from 3 to 7.
In one preferred embodiment each X is H. In an altemative preferred embodiment each X is F.
Optionally R1 and Rz are both hydrogen.

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

Optionally Rg is hydrogen and R1o is branched or straight chain C1-Ce alkyl group. In a preferred

embodiment R1o is methyl.
In one embodiment each of Rs to Rs is hydrogen.
In one embodiment each of R1, Rz, R4, and Rs to R1o 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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O
— o~ (CF2hF
H H

H

where n is from 2 to 10.
In another preferred embodiment the monomer compound has the following formula:
@
H (CF2)F
O/\/ 2/n
H CHj3
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-perfluocrooctyl acrylate (PFACS), 1H,1H,2H,2H-perfluocrodecyl acrylate (PFACB8) and
1H,1H,2H,2H-perflucrododecy! acrylate (PFAC10).

The monomer compound may be selected from 1H,1H,2H,2H-pefluorohexyl methacrylate (PFMAC4),
1H,1H,2H,2H-perfluorooctyl methacrylate (PFMAC®6) and 1H,1H,2H,2H-perfluorodecyl methacrylate
(PFMACS).

The monomer compound of formula I(@) may have the following formula:

R o B o o
L n Rl (R [Sn)

R4
Ra
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.

The monomer ccompound of formula I(a) may have the following formula:
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__ o (CH2)H
H  CHj

H

where nis 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:
O
R1 04{
> < (CHZ)n_CH3
Rz Rs

where nis from 4 to 14.

The monomer may have the following formula:

O
H O
» = (CHg)o—CH,4
H H

where nis 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 Ry, R, and R, are each independently selected from hydrogen, optionally substituted branched
or straight chain C;-Cg alkyl or halo alkyl or aryl optionally substituted by halo, and R; is selected from:

X
ny N4

or

I3 Q. [X]
o) )clz( CXs §—o/ [(':J CX3

where each X is independently selected from hydrogen, optionally substituted branched or straight
chain C;-C; alkyl, halo alkyl or aryl optionally substituted by halo; and n; 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/ime 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 us, preferably 35-45 ps, or 30-40 ps, such as about 36
Hs 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 ps, 40 ps, 45 pys. 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
2WHlitre, 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
W02003/097245 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)% , 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 repelient 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 angie.

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 paimtop 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 10x10 um? 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 2x2um? 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 Az/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 polymensed 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 (DVA)

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

DI- or TRI- VINYLS: 1,7-Octadiene (1,7-OD); 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: 1H1H,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 50W followed by 10 - 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
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 crosslinkers on
the electrical resistance per nm of the barrier coatings. Figure 5 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 (DVA) 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 puise 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)% DVA crosslinker is shown in Figure 4. It was also noted that for the 10 (v/v)
% DVA 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) % DVA 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 (DVA) was
carried out in a 125 litre chamber. Figure 4 shows the effect of adding different liquid volume
percentages of DVA 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% DVA. 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 (VWW/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 Az/d = 0.05. As the Az/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% DVA as described in example 4. The deposition process consisted of a 1 minute CWV step
with a CW power to flow ratio of 3.9 (\W/microliter/min), and a pulsed step with a PV power/monomer
flow ratio of 0.28 (VW/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 CFs and C=0O groups,
CF3/C=0, 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 PFACB.

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=0
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=0 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=0 ratios give higher resistance values in the
electrical test, as described in Example 2, showing an improved coating performance on increased
cross linking (for CFs) and fragmentation (for C=0). If the FTIR/ATR intensity ratio of the peaks
attributed to -CFs stretching and C=O stretching, CFs/C=0, is less than 0.6e®'" (where n=6 for
PFACS) the resistance of the coating at the electrical test is expected to be higher than 8MOhms.

The peak intensity ratio CF3/C=0 the coating thickness and the final current readings during the

electrical test are shown in table 2:

Resistance in | CF3/C=0
Thickness water at 8V
ATR peak intensity

(nm) (Ohms) ratio
PFACS6 1480 2.1x107 0.23
PFACB and
10%DVA
(in volume)

1450 9.2x10° 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:

Ry Rs
V'
R, Ry

where Ry, R; and R, are each independently selected from hydrogen, optionally substituted branched
or straight chain C,-Cg alkyl or halo alkyl or aryl optionally substituted by halo, and R; is selected from:

L [x o [X]
‘7{[]\0 (1: CX; §_O>\ [(PJ CX;
X X
N4 N4
or

where each X is independently selected from hydrogen, a halogen, optionally substituted branched or
straight chain C,-Cg alkyl, halo alkyl or aryl optionally substituted by halo; and n; 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 80°.

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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Yy  Yq
Y2 \ L / Y5
Y3 Yo . Yp———L———Yg

(@ @in
where Y4, Y3, Ya, Y4, Y5, Y, Y7 and Y are each independently selected from hydrogen, optionally
substituted cyclic, branched or straight chain C4-Cg 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:
~Lz1—/Y9 /YQ)_‘J

each Y, is independently selected from, a bond, -O-, -O-C(0O)-, —C(0)-O-, -Y,-O-C(O)-, -C(0)-O-Y -,
-0OY,-, and =Y ;0-, where Y,; is an optionally substituted cyclic, branched or straight chain C;-Csg
alkylene; and

Y10 is selected from optionally substituted cyclic, branched or straight chain C-Cz alkylene and a

siloxane group.

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

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

_O_Yio__O_ O O
bLLL \[r \n/ rr’J -—,_LL/U\O/Y1O\O/U\;,J

@) o

@)
J\Y{)U\o/\f’ %)Lo/\vm o)J\

7. An electronic or electrical device or component thereof according to claim 5, wherein for
compound (i) L has one of the following structures:
#_O.

O Y O
Y1O\/ﬂ% g O 10~ e

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

wherein Y, has the following formula:

Ex. 1028 - Favored - p. 40
SUBSTITUTE SHEET (RULE 26)



WO 2016/198857 PCT/GB2016/051688

24

hG
[V,

e

3
2

wherein each Y;, and Y3 is independently selected from H, halo, optionally substituted cyclic,

branched or straight chain alkyl, or —-OY 4, where Y, is selected from optionally substituted branched
or straight chain C,-Cg alkyl or alkenyl, and n is an integer from 1 to 10.

9.

10.

11.

12.

13.

14.

An electronic or electrical device or component thereof according to claim 8, wherein each Y,
is H and each Y,; is H.

An electronic or electrical device or component thereof according to claim 8, wherein each Y,
is fluoro and each Y3 is fluoro.

An electronic or electrical device or component thereof according to any of claims 8 to 10,
wherein n is from 4 to 6.

An electronic or electrical device or component thereof according to any of claims 5 to 7,
wherein Y,y has the following formula:

Y15 Y15
e . .2
g S‘I @) SII g
Y15 Yis

Wherein each Y, is independently selected from optionally substituted branched or straight
chain C4-C; alkyl.

An electronic or electrical device or component thereof according to claim 12, wherein each Y5
is methyl, and each Y4 is a bond.

An electronic or electrical device or component thereof according to any of claims 5 to 7,
wherein Y, has the following formula:

Yie Y17

Yio Yis

wherein Y, to Y9 are each independently selected from H and optionally substituted branched or
straight chain C,-Cg alkyl or alkenyl.
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15. An electronic or electrical device or component thereof according to claim 14, wherein Y,5 is H
or vinylene, and Y,g, Y7 and Yo 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 C;-C; 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 i(a):

I(a)
NG a bl R
RS N-"~o T | [T TS %%
Rs Rg | Rio| | X CX3
4 a b c

wherein each of Ry, Ry, R4, and Rs to Ryg is independently selected from hydrogen or an optionally
substituted C,-Cg branched or straight chain alkyl group; each X is independently selected from
hydrogen or halogen; a is from 0-10; b is from 2to 14; andcis Oor1;

;or
wherein the monomer is a compound of formula i(b):

I(b)
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wherein each of Ry, Ry, R4, and R to R, is independently selected from hydrogen or an optionally
substituted C;-Cg branched or straight chain alkyl group; each X is independently selected from
hydrogen or halogen; a is from 0-10; bis from 2to 14; and cis O 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 Ry, Ry, R4, and Rs to Ryp 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-methyipentyl.

21. An electronic or electrical device or component thereof according to claim 20, wherein each of
R4, Rz, R4, and Rs to Ry 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 ¢ are each independently O or 1; and b is 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 Ry and R; are both hydrogen.

26.  An electronic or electrical device or component thereof according to any of claims 18 to 25,
wherein R, 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 R4; is branched or straight chain C;-Cg alkyl group.

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

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

wherein each of Rs to Rg is hydrogen.

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

wherein each of each of Ry, Ry, R4, and Rs to Ryg 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 1(a) has the following formulia:

@
H H

H

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

wherein the compound of formula I(a) has the following formula:
O
H CF2)nF
J— O/\/( 2)n
H CHj3

where n is from 2 to 10.

An electronic or electrical device or component thereof 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 (PFACB), 1H,1H,2H,2H-perfluorodecyl acrylate (PFACS8)
and 1H,1H,2H,2H-perfluocrododecyl acrylate (PFAC10).

An electronic or electrical device or component thereof according to claim 32, wherein the
compound of formula I(a) is selected from 1H,1H,2H,2H-pefluorohexyl methacrylate (PFMACA4),
1H,1H,2H,2H-perfluorooctyl methacrylate (PFMACB) and 1H,1H,2H,2H-perflucrodecyl
methacrylate (PFMACS3).

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

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

g LN

oA
N o R (R ] [
R4 10a b 3c

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

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

wherein the compound of formula I(a) has the following formula:
O
H CHa)H
H CH3
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where nis 2to 12.

37. An electronic or electrical device or component thereof according to claim 35 or claim 36,
wherein the compound of formula I(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 I(b) and has the following formula:

O
R 0—X
> (CHy—CH,
R, Rj

where n is from 4 to 14, optionally where R;, R, and R, 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:

Ri Rs

)=

R Ry
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where Ry, R, and R, are each independently selected from hydrogen, optionally substituted branched

or straight chain C;-Cg alkyl or halo alkyl or aryl optionally substituted by halo, and R; is selected from:

I3 o [x]
O—+C—1+—CX3 P—1C1—CX3
! +0 [;(J

nq

nq
or
where each X is independently selected from hydrogen, optionally substituted branched or straight
chain C4-Cg alkyl, halo alkyl or aryl optionally substituted by halo; and n, 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:
Yy Yy
L
L
0 Yj Ye Y, ———L——Y;

(i)
where Y4, Yz, Y3, Y4, Y5, Y, Y7 and Yg are each independently selected from hydrogen, optionally

substituted cyclic, branched or straight chain C,-Cg 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:

b!1“'/Y9\Y/Y9

10

each Yy is independently selected from, a bond, -O-, -O-C(O)-, —C(0)-0O-, -Y,1,-O-C(O)-, -C(0)-O-Y -,
-OY -, and -Y4,0-, where Y, is an optionally substituted cyclic, branched or straight chain C;-Cg
alkylene; and

Y40 is selected from optionally substituted cyclic, branched or straight chain C-Cz alkylene and a
siloxane group.

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

%o\n/vw \n/o\ - O o
“‘u/u\ O/Y“"o/u\re‘

O O
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@ @ O

%/\OJ\YHOJ\O/\J‘ %)J\o Yio > o)J\

44. A method according to claim 42, wherein for compound (i)} L has one of the following structures:
JJJJ\/O\Y,O\/JLLL» V’ﬁ.,_/o\/Y‘] 0\/0\“,:’
10

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

7
[V,

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

Fa¥a¥avol

branched or straight chain alkyl, or —OY 4, where Y, is selected from optionally substituted branched
or straight chain C4-Cj alkyl or alkenyl, and n is an integer from 1 to 10.

46. A method according to claim 45, wherein each Y4, is H and each Y45 is H.

47. A method according to claim 45, wherein each Y, is fluorc and each Y3 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 Y5 has the following formula:

. Y15 Yi1s .
f—Si—0—si—%
Y15 Yis

Wherein each Y,s is independently selected from optionally substituted branched or straight
chain C-Cj; alkyl.

50. A method according to claim 49, wherein each Y5 is methyl, and each Y, is a bond.

51. A method according to any of claims 42 to 44, wherein Yo has the following formula:
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Yig Yis

wherein Y, to Yo are each independently selected from H and optionally substituted branched or

straight chain C,-Cj alkyl or alkenyl.

52.

83.

54.

55.
I(a):

An method according to claim 51, wherein Yz is vinylene or H, and Y, Y7 and Y49 are each
H.

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).

A method according to claim 41, wherein for compound (ii), L is selected from a branched or
straight chain C;-Cg alkylene or an ether group.

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

I(a)

R, O Rs R7|-R9 X [x
l i

' |
R NS0T 1 S TIST TS 1%
& Rs Rs | Rio] | X CX3
a b C

wherein each of Ry, Ry, R4, and Rs to R;g is independently selected from hydrogen or an optionally

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

hydrogen or halogen; a is from 0-10; b is from 2to 14; andcis O or 1;

, or

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

I(b)
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R, O. Rs Ry [Rg] [x (x
W\ i |

]
R\ SIS TS TS o
O Rs Rg [R1J {bech?,Jc

0
R4 a
wherein each of Ry, Rs, R4, and R to R;g is independently selected from hydrogen or an optionally

substituted C;-Cg branched or straight chain alkyl group; each X is independently selected from
hydrogen or halogen; a is from 0-10; b is from 2to 14; andcis O 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 Ry, Rz, R4, and Rs to Ry 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 Ry, R,, R4, and R; to Ryg is independently
selected from hydrogen or methyl.

59. A method according to any of claims 55 to 58, wherein a and c are each independently 0 or 1;
and b is from 3to 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 X is F.

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

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

64. A method according to any of claims 41 to 63, wherein Rq is hydrogen and R, is branched or
straight chain C;-Cg alkyl group.

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

66. A method to any of claims 41 to 65, wherein each of R; to Ry is hydrogen.

67. A method according to any of claims 41 to 66 wherein each of each of Ry, Rz, R4, and Rs to Ryp

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 I(a) has the

following formula:

O
H>:([ko/\/(CF2)nF
H H

where n is from 2 to 10.

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

following formula:
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O
o~ (CF2)F
H  CHs

H

where n is from 2 to 10.

70. A method according to claim 68, wherein the compound of formula i(a) is selected from
1H,1H,2H,2H-perfluorohexyl acrylate (PFAC4), 1H,1H,2H,2H-perfluorooctyl acrylate (PFACBS),
1H,1H,2H,2H-perfluorodecy! acrylate (PFAC8) and 1H,1H,2H,2H-perfluorododecyl acrylate
(PFAC10).

71. A method according to claim 69, wherein the compound of formula 1(a) is selected from
1H,1H,2H,2H-pefluorohexyl methacrylate (PFMAC4), 1H,1H,2H,2H-perfluorooctyl methacrylate
(PFMACS6) and 1H,1H,2H,2H-perfluorodecyl methacrylate (PFMACS).

72. A method according to any of claims 41 to 61, wherein the compound of formula I1(a) has the

Al iraI
HAE)

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.

following formuia:

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

following formula:

O
H  CHs

H

wherenis 2to 12.
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A method according to claim 72 or claim 73, wherein the compound of formula I(a) is selected
from ethyl hexyl acrylate, hexyl acrylate, decyl acrylate, lauryl dodecyl acrylate and iso decyl

acrylate.

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

I(b) and has the following formula:

O
R;, O
> (CHay—CH,
R Rj

where n is from 4 to 14.

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

the following formula:

H>:<0A<

H H

(CH2)n—CHs

where n is from 4 to 14.

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.

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

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.

A method according to any of claims 77 to 79 wherein the voltage is pulsed in a sequence
where power is on for 20-50us, and off for from 1000us to 30000us.

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.

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

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.

Ex. 1028 - Favored - p. 51
SUBSTITUTE SHEET (RULE 26)



WO 2016/198857 PCT/GB2016/051688

176

o Tack Free
x Tacky

Bt

Degrees

S

W0 CAMs

CW Only - WO CAMs (ABS) versus Power : Flow Ratio
120

115

110

p- 4
1{)5 5 ? e
100 Q

90

85

0

80

0 1 2 3 4 5
Power:Flow Ratio (W/ul/min)

Figure 1

Ex. 1028 - Favored - p. 52
SUBSTITUTE SHEET (RULE 26)




WO 2016/198857 PCT/GB2016/051688

2/6

o Tack Free
% Tacky

W0 CAMs (ABS) versus Average Power : Flow Ratio
130

125 Ig

O | KO

0.0 0.2 0.4 0.6 0.8 1.0
Average Power: Monomer Flow Ratio (W/ul/min)

Figure 2

Ex. 1028 - Favored - p. 53
SUBSTITUTE SHEET (RULE 26)




WO 2016/198857 PCT/GB2016/051688

3/6

140

120

100

80

&0 AZ=80 nm

40

20

Ficaure 3

Ex. 1028 - Favored - p. 54
SUBSTITUTE SHEET (RULE 26)



WO 2016/198857 PCT/GB2016/051688

416
115 F .
112 % % % —

s 100 |- % .

= 109} _

O

Pt ! .

= 106 |- -
103 - % % -
100 - -

10 20 25 30 40 50
% DVA
Figure 4

Ex. 1028 - Favored - p. 55
SUBSTITUTE SHEET (RULE 26)



WO 2016/198857

Electrical Resistance per nm of barrier coating
(Ohms/nm)

1000000

PCT/GB2016/051688

5/86
~o—DVA ——DVPFH
~BDVE b DV TMDS

-3¢-1,7 0D ~~TVCH
~3K-DCHD

Resistance per nm of barrier coating

100000

10060

S

1000 -

A
‘ }“"A:l o

100

10

1

% Crosslinker

Figure 5

Ex. 1028 - Favored - p. 56
SUBSTITUTE SHEET (RULE 26)



PCT/GB2016/051688

WO 2016/198857

Figure 6

1000 650

1500

2000

2500

3000

4000 3500

30 -
27

cm-1

Description

Name
— PEACG

Sample 350 By Administrator Date
Thursday, February 13 2014

—— PFACG-DVA(10%) Sample 389 By PEService Date

ad £

i SEPNPADS PR

Ex. 1028 - Favored - p. 57

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2016/051688

A. CLASSIFICATION OF SUBJECT MATTER

INV. CO9D5/00
ADD.

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

B. FIELDS SEARCHED

Co9D

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropnate, of the relevant passages

Relevant to claim No.

claims 10, 11, 27; example 1

8 April 1998 (1998-04-08)

1-2; example B-14

2 October 2014 (2014-10-02)
and 3

claim 8; page 5 Tine 59 - page 6 Tines

claims 1, 5 together with examples 1, 2

Y WO 2007/083122 Al (P21 LTD [GB]; COULSON 1-91
STEPHEN [GB]) 26 July 2007 (2007-07-26)

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

A WO 20147155099 Al (SEMBLANT LTD [GB]) 1-91

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

“L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"QO" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the intemational filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y* document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&" document member of the same patent family

Date of the actual completion of the international search

28 October 2016

Date of mailing of the intemational search report

08/11/2016

Name and mailing address of the ISA/

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

Tel. (+31-70) 340-2040,

Fax: (+31-7Q0) 340-3016

Authorized officer

Kositza, Matthias

Form PCT/ISA/210 {second sheet} (April 2005)

Ex. 1028 - Favored - p. 58




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/GB2016/051688
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2007083122 Al 26-07-2007 AU 2007206779 Al 26-07-2007
CA 2637625 Al 26-07-2007
CN 101370877 A 18-02-2009
CN 103396688 A 20-11-2013
EP 1976942 Al 08-10-2008
GB 2434369 A 25-07-2007
IL 192905 A 27-06-2013
JP 2009523914 A 25-06-2009
KR 20080097201 A 04-11-2008
KR 20140063887 A 27-05-2014
NZ 570462 A 26-11-2010
W 1400014 B 21-06-2013
US 2010189914 Al 29-07-2010
WO 2007083122 Al 26-07-2007
ZA 200806846 B 25-11-2009

EP 0834352 Al 08-04-1998 AR 004877 Al 10-03-1999
EP 0834352 Al 08-04-1998
usS 6169127 Bl 02-01-2001

WO 2014155099 Al 02-10-2014 CN 105075408 A 18-11-2015
EP 2979524 Al 03-02-2016
JP 2016521296 A 21-07-2016
KR 20150135420 A 02-12-2015
W 201446890 A 16-12-2014
WO 2014155099 Al 02-10-2014

Form PCT/ISA/210 {patent family annex) {April 2005}

Ex. 1028 - Favored - p. 59




Doc Code: PA.,
PTO/AIAB2A (07-13)

Document Description: Power of Attorney Appiaved for uss thraugh 01/34/2018, OMB 0651-0038
LS. Patent and Trademark Offics; U.8. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1998, no persons are required 1o raspond to a coliection ot infarmation uniess it displays & valid OMB controt 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 farm (PTO/AIA/82B) to identify the application to which the
Power of Attamey is directed, in accardance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTG/AIA/82A nor form PTO/AIAB2B identifies the application to which the Power of Attorney is
directed, the Power aof Attorney will not be recognized in the application.

Application Number Not Yet Assigned

Filing Date Herewith

Eirst Named Inventor Stephen Richard COULSON

Title COATINGS

Art Unit Not Yet Assigned

Examiner Name Not Yet Assigned
Attorney Docket Number | GBLOOO7/US

SIGNATURE aApgncant or Patent Practitioner

Signature T Date (Optional) | NYacember 8, 2017

Name Paul J. Parins ﬁﬁg{i’gﬁfﬁm 54,358

Title: (if Applicant is a
juristic entity}

Applicant Name (if Applicant is a juristic entity)

NQTE: This form mist bie signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. i
more than one applicant, use multiple forms.

*Total of 1 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 fo process) an application. Confidentialily is governed by 35 U.8.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes {o complete, including gathering, preparing, and submitting the completed
application form to the USPTO, Time wilf vary depending upon the individual case. Any comments on the amount of time you require
to complete this farm 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: Commissionsy for Patents, P.O, Box 1450, Alexandria, VA 22313-1450.

If you need-assistance in-completing the form, call 1-800-PTO-97199 and select option 2.
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Doc Code: PA..

N PTO/AIA/B2B (07- 13) o
Document Description: Power of Attorney Approved for usa through 11/30/2014. OMB 0651-0051
’ U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE : -

Under the Paperwork Reduction Act of 1385, no persons are required to respond 1o a collection of lnformation unlass it displays a valid OMB control number ..

POWER OF ATTORNEY BY APPLICANT

i E hereby revoke all prevxous powers of attorney grven in the appllcatron ldentlf ed in elther the attached transmlttal letter o
the boxes below s MR : , R SR

Application Number =~ | Filing Date -

(Note The boxes above may be left blank if mformatron is provrded on form PTO/AlA/82A )

} hereby appomt the Patent Practmoner( ) assocrated wrth the followmg Customer Number as my/our attorney(s) or agent( ) and
to transact all business in the United States Patent and Trademark Offi ce connected therewith for the appllcatlon referenced in
'the attached transmlttal letter (form PTO/AIA/82A) or identifi ed above :

or | 33072

D | hereby appomt Practltloner(s) named in the attached list (form. PTO/AlAI82C) as my/our attorney(s) or agent( ), and to transact
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmlttal letter (form PTO/AIA/82A) or |dent|f ed above. (Note Complete form PTO/AIA/82C )

Please recognrze or change the correspondence address for the appllcatron identified in the attached transmrttal
letter or the boxes above to:

. The address assocrated with the above-mentioned Customer Number
OR :

D The address assocla_ted with Customer Number:
OR. '
“Firm.or -
lndlwdual Name

Address o
1.city R | state I [zp |
Country s o : '
,Telephone ST ' | Emall KB

I am the Applacant (rf the Applrcant isa Junstlc entlty, list the Applrcant name in the box):

P2i Lid

D lnventor or Joint Inventor (title not requrred below)

D Legal Representatlve ofa Deceased or Legally lncapacrtated Inventor (title not requlred below)
Assngnee or Person to Whom the Inventor is Under an Obllgatron to Assign (provrde srgners title if appllcant is a juristic entrty)

I:l Person Who Othenmse Shows Sufficient Proprietary Interest (e. g. a petltlon under 37 CFR 1.46(b)(2) was granted in the
) appllcatlon or is concurrently being filed with this document) (provide signer's title if applrcant isa Junstrc entlty)

SIGNATURE of Applicarit for Patent o
The underS|gned {whose title is supplled below) is authorized to act on behalf of the applicant (e.g., where the appllcant isa juristic entlty)

-‘Slgnature ' : K @\/..-J»L ) |Date (Optlonal lzsomuberzms

Name .. Dr. Kenneth Armour

Title" -l iIn-House Counsel ' ’ ' : CP2ILTD

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1. 33 See 37 CFR 1.4 for sngnature requrrements
and certifications. lf more than one appllcant use multiple forms,

-Total of 1 . 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 fo 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 submiiting the completed application farm 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: Commlssmner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 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

P2I 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.

3

This international search report consists of a total of sheets.

Itis also accompanied by a copy of each prior art document cited in this report.

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

the international application in the language in which it was filed

EI atransiation 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))

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)).

c. |:| With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I.
2. |:| Certain claims were found unsearchable (See Box No. Il)
3. [] unity of invention is lacking (see Box No IlI)

4. With regard to the title,
the text is approved as submitted by the applicant
|:| the text has been established by this Authority to read as follows:

5. With regard to the abstract,
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.
|:| as suggested by the applicant
|:| as selected by this Authority, because the applicant failed to suggest a figure
EI as selected by this Authority, because this figure better characterizes the invention

b. none of the figures is to be published with the abstract

Form PCT/1ISA/210 (first sheet) (January 2015)
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INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2016/051688

A. CLASSIFICATION OF SUBJECT MATTER

INV. CO9D5/00
ADD.

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

B. FIELDS SEARCHED

Co9D

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropnate, of the relevant passages

Relevant to claim No.

claims 10, 11, 27; example 1

8 April 1998 (1998-04-08)

1-2; example B-14

2 October 2014 (2014-10-02)
and 3

claim 8; page 5 line 59 - page 6 lines

claims 1, 5 together with examples 1, 2

Y WO 2007/083122 Al (P21 LTD [GB]; COULSON 1-91
STEPHEN [GB]) 26 July 2007 (2007-07-26)

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

A WO 20147155099 Al (SEMBLANT LTD [GB]) 1-91

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

“P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“¥* document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

28 October 2016

Date of mailing of the intemational search report

08/11/2016

Name and mailing address of the ISA/

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

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Kositza, Matthias

Form PCT/ISA/210 {second sheet} (April 2005}
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INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/GB2016/051688
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2007083122 Al 26-07-2007 AU 2007206779 Al 26-07-2007
CA 2637625 Al 26-07-2007
CN 101370877 A 18-02-2009
CN 103396688 A 20-11-2013
EP 1976942 Al 08-10-2008
GB 2434369 A 25-07-2007
IL 192905 A 27-06-2013
JP 2009523914 A 25-06-2009
KR 20080097201 A 04-11-2008
KR 20140063887 A 27-05-2014
NZ 570462 A 26-11-2010
TW 1400014 B 21-06-2013
US 2010189914 Al 29-07-2010
WO 2007083122 Al 26-07-2007
ZA 200806846 B 25-11-2009

EP 0834352 Al 08-04-1998 AR 004877 Al 10-03-1999
EP 0834352 Al 08-04-1998
us 6169127 Bl 02-01-2001

WO 2014155099 Al 02-10-2014 CN 105075408 A 18-11-2015
EP 2979524 Al 03-02-2016
JP 2016521296 A 21-07-2016
KR 20150135420 A 02-12-2015
TW 201446890 A 16-12-2014
WO 2014155099 Al 02-10-2014

Form PCT/ISA/210 {patent family annex) (April 2005)
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EPO FORM P04A42

Information on Search Strategy - Pilot phase (see 0J 2015, As6) Application Number

The type of information contained in this sheet may change during the pilot for improving

the usefulness of this new service. PCT/ GB20 16/05 1688

TITLE: COATINGS

APPLICANT: P2I LTD

IPC CLASSIFICATION: CO9D5/00
EXAMINER: Kositza, Matthias

CONSULTED DATABASES: EPODOC, WPI, NPL

CLASSIFICATION SYMBOLS DEFINING EXTENT OF THE SEARCH:
IPC:

CPC: CO9D5/++

FI/F-TERMS:

KEYWORDS OR OTHER ELEMENTS FEATURING THE INVENTION:
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

PCT

WRITTEN OPINION OF THE
see form PCTASA220 INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing
(day/monthyear) see form PCTASA210 (second sheet)

Applicant's or agent's file reference FOR FURTHER ACTION

see form PCTASA220 See paragraph 2 below

International application No. International filing date (day/monthiear) Priority date (day/monthiear)
PCTA5B2016/051688 08.06.2016 09.06.2015

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

INV. C08D5/00

Applicant

P2I LTD

1.  This opinion contains indications relating to the following items:

Box No. | Basis of the opinion

] Box No. Il Priority

0 Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
[J Box No. IV 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

Box No. Vi Certain documents cited

Box No. Vil  Certain defects in the international application

oogoo

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 66.1bis(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/ASA/220 or before the expiration of 22 months from the priority date,
whichever expires later.

For further options, see Form PCTASA/220.

Name and mailing address of the ISA: Date of completion of Authorized Officer .
[ this opinion ﬁgw "m"fa,,,,.p
9) European Patent Office see form j 0 é‘s%
) Kositza, Matthias ) 7
— = D-80298 Munich PCTASA210 % é
Tel. +49 892399 - 0 Telephone No. +49 89 2399-0 g s
Fax: +49 89 2399 - 4465 ’

Form PCTASA237 (Cover Sheet) (January 2015) Ex. 1028 - Favored - p. 66



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/(GB2016/051688

Box No.l Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

X
O

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 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))

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. O forming part of the international application as filed:

[ in the form of an Annex C/ST.25 text file.

O on paper or in the form of an image file.

b. O 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 C/ST.25 text file.

c. O furnished subsequent to the international filing date for the purposes of international search only:
O in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).

O on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section
713).

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 43 bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1.

Statement

Novelty (N)

Inventive step (I1S)

Industrial applicability (1A)

Citations and explanations

see separate sheet

Form PCTASA/237 (January 2015)

Yes:

No:

Yes:

No:

Yes:

No:

Claims
Claims

Claims
Claims

Claims
Claims
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/GB2016/051688

item V

1. Documents

D1 WO 2007/083122 A1
D2 EP 0 834 352 A1
D3 WO 2014/155099 A1

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 application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/GB2016/051688

4. Inventive step

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.51.59-p. 6, |.
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 Sullaj-s'l'g(tsa)l in
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

UsD($)
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1620
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Electronic Acknowledgement Receipt

EFS ID: 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 .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
2757957
1 Transmittal of New Application GBL0007US_3z1f_Transm|ttaI. no 3
p 7997e6c01eb01f494443d52e5af6ff14aead
cch
Warnings:
Information:
4711371
2 Application Data Sheet GBL0O007US_ADS.pdf no 8
a71b5dee05f78c5930ebe218717a81f9%ab
1238c
Warnings:
Information:
This is not an USPTO supplied ADS fillable form
1212053
3 Information DFlscIosuSréeOSStatement (IDS) GBLO007US._IDS.pdf no 4
orm ( ) 425baf35e333440977faf12283507d2f1bee)
0d65
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
1871945
Documents submitted with 371 GBLO007US_PCT_Publication.
4 Applicati df no w
pp Ications p 161el1fe6ab54042e3e24a799d4de1d0a60al
f17f9
Warnings:
Information:
1103599
5 Power of Attorney GBLO007US_POA pdf no 2
cad992be926ca3b3f2722ee99b50b6cb0034|
6a943
Warnings:
Information:
1526775
6 Foreign Reference EP0834352A1.pdf no 22
b97ca728d51a3a6c53022fda81cfdbf67dad)
c6d9
s 10920 | oSy rad n 741
LA, LUZ0 T A TCUuU lJ. =




Warnings:

Information:
1278890
7 Foreign Reference GBLOOOZUS_P%‘E_PubI|cat|on. no 33
p 22a5c3738381a2ef0e835e442b170c7ad5b
afas3
Warnings:
Information:
3484345
8 Foreign Reference GBLOOOSUS_P%‘E_PubI|cat|on. no 92
p 69ebaS5ebd18d46a8fbas9b48e329a6a039)
698ea
Warnings:
Information:
1826295
9 Foreign Reference GBLOOO6US_P§'¥_PubI|cat|on. no 35
p d9ba60957218b228167b1571104d878414]
ea725b
Warnings:
Information:
249320
10 Non Patent Literature NPL_ISRWO.pdf no 9
900d3143e1f29562af8f384 181cce8ff7047a
fbe
Warnings:
Information:
984480
1 Foreign Reference W01998058117.pdf no 33
528f1689796e2cb1923f459e39436fdb5775
cd98
Warnings:
Information:
1001835
12 Foreign Reference W02003097245.pdf no 29
fef5e661f02a1201f650030901128ee137f30]
Warnings:
Information:
808052
13 Foreign Reference W02003101621.pdf no 19
2e5a81f330b397c713ca98edae7 18fa3 1307
Warnings:
Information:
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892913

14 Foreign Reference W02007083122.pdf no 24

421547609dd0e30101f2024b1aeae4 7e28
95573

Warnings:

Information:

1122008
15 Foreign Reference WO02014155099.pdf no 28
60ce32c3ec3352fadaea 2aabaf866551eea
9fdo
Warnings:
Information:
37014
16 Fee Worksheet (SB06) fee-info.pdf no 2
7df29816925b054d8b5559a10f8c728eccey
bf78
Warnings:
Information:
Total Files Size (in bytes): 24868852

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 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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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P2494PC00

1/5
PCT REQUEST
Print Cut (Criginal in Electronic Form)
0 For receiving Office use only
0-1 International Application No. PCT/GB2016/051688

0-2 International Filing Date 08 June 2016 (08.06.2016)
0-3 Name of receiving Cffice and "PCT
International Application™ RO/GB
0-4 Form PCT/RO/101 PCT Request
0-4-1 Prepared Using PCT Online Fi ling
Version 3.5.000.244e MT/FOP
20141031/0.20.5.20
0-§ Petition
The undersigned requests that the
present international application be
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(57) Abstract: The present invention provides an electronic or electrical device or component thereof comprising a cross-linked
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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 formation of the cross-linked polymeric coating on a surface there -
of, wherein the monomer compound has the following formula: where R, R; and R4 are each independently selected from hydrogen,
optionally substituted branched or straight chain C,-Cs alkyl or halo alkyl or aryl optionally substituted by halo, and R is selected
from: or where each X is independently selected from hydrogen, a halogen, optionally substituted branched or straight chain C;-Cs
alkyl, halo alkyl or aryl optionally substituted by halo; and n, is an integer from to 27; and wherein the crosslinking reagent com-
prises 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.
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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 polymernisation
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 (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
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 (1H,1H,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/ul/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:

R1 Rs

)=

R R4

where Ry, R, and R, are each independently selected from hydrogen, optionally substituted branched
or straight chain C;-Cg alkyl or halo alkyl or aryl optionally substituted by halo, and R; is selected from:

0
X QX
E/U\o cH+—cCX, »—1cH—cx,

or
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where each X is independently selected from hydrogen, a haiogen, optionally substituted branched or
straight chain C-Cs alkyl, halo alkyi or aryl optionally substituted by halo; and n+ 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 moiecule 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 AZ/d <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 AZ/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,
AZ/d = 0.15 means that the voids on the surface only extend down to 15% of the coating thickness. A
coating with a AZ/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 1m
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 1x10” 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 20-100g 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 repeilent 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 pl droplets of deionised water at room temperature.

Crosslinker

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:

Y, Y,
Y> \ ) / Ys
Ys Yo Y, —=—=—L—=——VY,

() (i)
where Yy, Yz, Y3, Y4, Y5, Ys, Y7 and Yg are each independently selected from hydrogen, optionally
substituted cyclic, branched or straight chain C4-C; alkyl or aryl; and L is a linker moiety.

Most preferably L has the following formula:
"H,L/YQ\Y ~ Yo
(iii) 10
where each Yy is independently selected from, a bond, -O-, -O-C(0O)-, —C(0)-O-, -Y44,-0O-C(O)-, -C(O)-

O-Y4;-, -OY44-, and =Y 1,0-, where Y, is an optionally substituted cyclic, branched or straight chain
C;-Cg alkylene; and
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Y0 is selected from optionally substituted cyclic, branched or straight chain C4-Cg alkylene and a

siloxane containing group.

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

[v

S
l é
[V
n

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

(iv)

branched or straight chain C-Cg alkyl, or —OY4, where Y, is selected from optionally substituted
branched or straight chain C,-Cg alkyl or alkenyl, and n is an integer from 1 to 10.

Optionally, each Y42 is H and each Y43 is H, i.e. Yqq is a linear alkylene chain. For this embodiment Y,
is preferably a vinyl ester or vinyl ether group.

Optionally, each Y, is fluoro and each Y3 is fluoro, i.e. Y, is a linear perfluoroalkylene chain.
Typically, nis from 4 to 6.

In another embodiment Y, has the following formula:

Y15 Y15
s —Si—O—Si—s
2 | I 2
Yis Yis

)

wherein each Y5 is independently selected from optionally substituted branched or straight chain C -
Cs alkyl.

In one embodiment each Y5 is methyl, and each Y, is a bond.

In a further embodiment Y, has the following formula:
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Yie Y17

Yig Yig

(vi)

wherein Y,g to Y9 are each independently selected from H and optionally substituted branched or
straight chain C,-Cjz alkyl or alkenyl. A preferred alkenyl group is vinyl. Optionally Y5 is H or vinyl, and
Y15, Y17 and Y, are each H. In one embodiment each of Y5 t0 Y gis H. In another embodiment Y,z is

vinyl, and Y, Y 7 and Y4g are each H.

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

O._Yio0__O_ O O
. T » o Y10 N
O O
""LL/\O/U\Y(OU\O/\;’J

(ix)

O
VLLL/U\O/\Y'I 0 O/lk

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

:JJJ o._ .0 >, O Y100
(xi) ~ Y10 ~ (xii)‘m"" ”H

For L according structure (vii), Yo 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, 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), Yo is preferably cycloalkylene, such as the cyclohexylene according
to structure (vi).

For L according to structure (x), Y10 is preferably structure (iv) wherein each Yiz and Y1z is F, i.e. a
perfluoroalkylene chain.

For L according to structure (xi) or structure (xii) Yo 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 Yq is a bond, each Y10 may be any of structures (iv), (v) and (vi). Preferably Yo 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 Ys is O, each Yo is preferably a branched or straight chain C1- Ce alkylene, preferably a
straight chain alkylene, most preferably a Ca straight chain alkylene, i.e the crosslinking reagent is
1,4-butanediol divinyl ether

It will be understood that each Ys group can be combined with any other Yo group and Yo group to
form the crosslinking reagent.

The skilled person will be aware of possible substituents for each of the cyclic, branched or straight
chain C+-Cs 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 C+-Cs alkylene group may be a C1-Cs, C2-Cs, or Ce-Cs alkylene group.

Particularly preferred embodiments of the crosslinker have alkyl chains for Y10 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 (DVA),
1,4 Butanediol divinyl ether (BDVE), 1,4 Cyclohexanedimethanol divinyl ether (CDDE), 1,7 -Octadiene
(170D), 1,2,4 -Trivinylcyclohexane (TVCH), 1,3-Divinyltetramethyidisiloxane (DVTMDS), Diallyl 1,4-
cyclohexanedicarboxylate (DCHD), 1,6-Divinylperfluorohexane (DVPFH), 1H,1H,6H,6H-
Perfluorohexanediol diacrylate (PFHDA) and glyoxai bis (diallyl acetal) ( GBDA).

For the alkyne crosslinking reagents according to compound (ii), L is preferably selected from a
branched or straight chain C1-Cs alkylene or an ether group. L may be a Cs, C4, Cs, or Cs 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) O
H.C O
@]
1,4 Butanediol divinyl ether = /\/\/0 CH;
HCE o ~NF
(BDVE)
1,4 Cyclohexanedimethanol >
Y O/\CHZ
divinyl ether (CDDE)
@)
HQCV
1,7 -Octadiene (170D) HZCW\A
CH,
1,2,4 -Trivinylcyclohexane A
CH,
(TVCH)
HzC\ / CH2
1,3' CH3 CH3
Divinyltetramethyldisiloxane ——Si—O0—Si——
HQC l I CHZ
(DVTMDS) CHs CH
Diallyl 1,4- 0 o ~
\/\CH2
cyclohexanedicarboxylate
(DCHD)
/ CH2
5 o N
1,6-Divinylperfluorohexane F F F
F F F,
= _~CH>
(DVPFH) H,C > > >
F F F
1H,1H,6H,6H- 0 F F
F F,
Perfluorohexanediol HQCQLO S > O\{(\\CHZ
diacrylate (PFHDA) F E o)
GBDA o \=CHz
O
HZCA/ O/VCHZ
H.CZN\—©
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1,6-heptadiyne — —

MCH
1,7-heptadiyne HC—

1,8-heptadiyne HC_J\/;CH

Propargyl ether HC_J ECH

Table 1

Monomer Compound

The monomer compound has the following formula:

=
R R4

where Ry, Rz and R, are each independently selected from hydrogen, optionally substituted branched

or straight chain C;-Cg alkyl or halo alkyl or aryl optionally substituted by halo, and R; is selected from:

o
X o [X]
o—fCt+—CX,q »—rc-t—cxs
X 0" ||
N1 N4
or

where each X is independently selected from hydrogen, a halogen, optionally substituted branched or
straight chain C-Cg alkyl, halo alkyl or aryl optionally substituted by halo; and n, is an integer from 1
to 27. Preferably, n; is from 1 to 12. Optionally n, is from 4 to 12, optionally 6 to 8.

In a preferred embodiment R; is selected from:
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-

where m; is an integer from 0 to 13 and each X is independently selected from hydrogen, a halogen,

optionally substituted branched or straight chain C;-Cg alkyl, halo alkyl or aryl optionally substituted by
halo; and m2 is an integer from 2 to 14;

or

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

I(a)

R, O Rs R7[R9 X l'x
| 1

| |
R N0 T | [§ CT TG [ %
R Rs | Riol | X CXs
a b C

Ry

wherein each of Ry, R;, Ry, and R5to R, is independently selected from hydrogen or an optionally
substituted C;-Cg branched or straight chain alkyl group; each X is independently selected from
hydrogen or halogen; a is from 0-10; bis from 2to 14; andcis 0 or1;

;or
the monomer is a compound of formula I(b):

I(b)

R; O Rs R7 | Rg
[\

XX

/ | l !
O Rg Rg | Rig] | X CXs)

R4 - -a- -b- Cc

wherein each of Ry, Rz, R4, and Rs to Ry is independently selected from hydrogen or an optionally
substituted C,-Cg branched or straight chain alkyl group; each X is independently selected from
hydrogen or halogen; a is from 0-10; b is from 2to 14; andcis 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 0 to 10, preferably from O to 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, Rz, R4, and Rs to Riois independently selected from hydrogen or a C1-Cs 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, Rz, R4, and Rs to Rio 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, Rz, R4, and Rs to R1o 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 R4, Rz, R4, and Rs to Rqo is independently selected from hydrogen
or methyl.

In a preferred embodiment, a and ¢ are each independently 0 or 1; and b is from 3 to 7.
In one preferred embodiment each X is H. In an altemative preferred embodiment each X is F.
Optionally R+ and Rz are both hydrogen.

Optionally R4 is hydrogen or methyl. Preferably R1 and Rz are both hydrogen and Ra4 is hydrogen or
methyl.

Optionally Rg is hydrogen and Rio is branched or straight chain C+-Cs alkyl group. In a preferred
embodiment R1o is methyl.

In one embodiment each of Rs to Rs is hydrogen.
In one embodiment each of R1, Rz, R4, and Rs to Rio 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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H>=(U\o ~_~(CF2)F
H H

where n is from 2 to 10.
In another preferred embodiment the monomer compound has the following formula:
O
H (CF) F
- O/\/ 2/)n
H CH3

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-perfluorooctyl acrylate (PFAC8), 1H,1H,2H,2H-perfluorodecyl acrylate (PFAC8) and
1H,1H,2H,2H-perfluorododecy! acrylate (PFAC10).

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

(PFMACS).

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

g LR EER:

Qi Lo
SRR R LA IR )

R4 R1
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.

The monomer ccompound of formula I(a) may have the following formula:
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O
H  CHs

H

where nis 2to 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:

R>1_< o—<

R Rj

(CHZ)n_CH3

where n is from 4 to 14.

The monomer may have the following formula:

@)
H O
> (CHp)n—CH;4
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 menomer
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 Ry, R; and R4 are each independently selected from hydrogen, optionally substituted branched
or straight chain C,-Cg alkyl or halo alkyl or aryl optionally substituted by halo, and R; is selected from:

O

o

O

o

n n
1 or 1

CXs

X-0-X

X
C—CXs
X

where each X is independently selected from hydrogen, optionally substituted branched or straight
chain C,-Cg alkyl, halo alky! or aryl optionally substituted by halo; and n, 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 voitage is at a power of from 30 to 800W. Optionally the volitage 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 us, preferably 35-45 us, or 30-40 s, such as about 36
us 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 us, 40 ps, 45 pys. 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 (viv) %, 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 repelient 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 elecftrical 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 10x10 um? 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 2x2um? 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 Az/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 (DVA)

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

DI- or TRI- VINYLS: 1,7-Octadiene (1,7-OD); 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: 1H1H,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 PFACG6/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 50W followed by 10 - 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
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 crosslinkers on
the electrical resistance per nm of the barrier coatings. Figure 5 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 (DVA) 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)% DVA crosslinker is shown in Figure 4. It was also noted that for the 10 (v/v)
% DVA 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) % DVA 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 (DVA) was
carried out in a 125 litre chamber. Figure 4 shows the effect of adding different liquid volume
percentages of DVA 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% DVA. 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 Az/d = 0.05. As the Az/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% DVA 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 CFs and C=O groups,
CF3/C=0, 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 controlied
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=0
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 controlied fragmentation controls the amount of
C=0 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 CFs / C=0O ratios give higher resistance values in the
electrical test, as described in Example 2, showing an improved coating performance on increased
cross linking (for CFs) and fragmentation (for C=0). If the FTIR/ATR intensity ratio of the peaks
attributed to -CFs stretching and C=O stretching, CF3/C=0, is less than 0.6e?'"" (where n=6 for
PFACS) the resistance of the coating at the electrical test is expected to be higher than 8MOhms.

The peak intensity ratio CF3/C=0 the coating thickness and the final current readings during the

electrical test are shown in table 2:

Resistance in | CF3/C=0
Thickness water at 8V
ATR peak intensity

(nm) (Ohms) ratio
PFACS6 1480 2.1x107 0.23
PFACS and
10%DVA
(in volume)

1450 9.2x10° 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:

Ri Ras

)=

Ry Ry

where R1, Rz and R, are each independently selected from hydrogen, optionally substituted branched
or straight chain C;-Cg alkyl or halo alkyl or aryl optionally substituted by halo, and R; is selected from:

i X Q [’.‘]
igj\o CT—CXs 3 CT—CXs
X -0 tXJ
nq N4

where each X is independently selected from hydrogen, a halogen, optionally substituted branched or
straight chain C4-Cg alkyl, halo alkyl or aryl optionally substituted by halo; and n, 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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Y, Y,
Y \ ] / Ys
Ys Yo Y= L——=——Y,

) (i)
where Y4, Yz, Y3, Y4, Y5 Yg, Yz and Y are each independently selected from hydrogen, optionally

substituted cyclic, branched or straight chain C4-C; 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:

Y Y
e 79
s Y10

each Y, is independently selected from, a bond, -O-, -O-C(O)-, —C(0)-0O-, -Y;;-O-C(O)-, -C(0)-O-Y;4-,
-0Y,-, and -Y,,0O-, where Y, is an optionally substituted cyclic, branched or straight chain C,-Cg
alkylene; and

Y40 is selected from optionally substituted cyclic, branched or straight chain C-Cs 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:

20 G SO U
g O/Y1O‘O o

o O
@ @ @ @
W 07 "Yi 07 W 0T Yi OO0
7. An electronic or electrical device or component thereof according to claim 5, wherein for

compound (i} L has one of the following structures:
j‘éé\/o\ ’O\/’LL"‘ /O\/Y1O\/O\
Y10 it >

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

wherein Y, has the following formula:
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T12-l .

3 [C ;
[V,

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

branched or straight chain alkyl, or —OY 4, where Y, is selected from optionally substituted branched

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

9.

10.

11.

12.

13.

14.

An electronic or electrical device or component thereof according to claim 8, wherein each Y,
is H and each Y3 is H.

An electronic or electrical device or component thereof according to claim 8, wherein each Y,
is fluoro and each Y3 is fluoro.

An electronic or electrical device or component thereof according to any of claims 8 to 10,
wherein n is from 4 to 6.

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

wherein Y, has the following formula:

. Y15 Y15 .
t—si—o—si—3
Yis Y15

Wherein each Y,s is independently selected from optionally substituted branched or straight
chain C,-C; alkyl.

An electronic or electrical device or component thereof according to claim 12, wherein each Y5
is methyl, and each Yy is a bond.

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

wherein Y, has the following formula:

Yie Y17

Yig Yis

wherein Y. to Y9 are each independently selected from H and optionally substituted branched or
straight chain C-C; alkyl or alkenyl.
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15.  An electronic or electrical device or component thereof according to claim 14, wherein Y5 is H
or vinylene, and Y,g, Y7 and Y, 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 C-Cg 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 formulia i(a):

I(a)

A il sl B b B o
R T O R Re [ X | | )

| |
Rs Rs | Rio| | X CXs
C

wherein each of R4, Ry, R4, and Rs to Rqp is independently selected from hydrogen or an optionally
substituted C4-Cg branched or straight chain alkyl group; each X is independently selected from
hydrogen or halogen; a is from 0-10; b is from 2to 14; andcis 0 or1;

, or

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

I(b)
Ry O, Rs Ry [Rg_l X I-),( -!
R c——1+1¢ c c—}—cx
2\ g || | i | 3
Rs Rs | Rio] [X | | CXs
R4 a b c
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wherein each of Ry, Ry, R4, and R to Ryg is independently selected from hydrogen or an optionally
substituted C;-Cg branched or straight chain alkyl group; each X is independently selected from

hydrogen or halogen; a is from 0-10; b is from 2to 14; and cis Qor 1.

12.  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, Ry, R4, and R to Ry is independently selected from hydrogen, methyl,
ethyl, n-propyl, isopropyl, n-butyi, 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, Rz, R4, and Rs to Ry 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 c¢ are each independently 0 or 1; and b is 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 R4 and R; 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 R, is branched or straight chain C,-Cg alkyl group.

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

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

wherein each of R; to Rz is hydrogen.

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

wherein each of each of R4, Rz, R4, and Rs to Ry is hydrogen, each X is H, a=0 and ¢=0.

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

wherein the compound of formula i(a) has the following formuia:

O
o~ (CF2lF
H H

H

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

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

O
H  CH,

H

where n is from 2 to 10.

An electronic or electrical device or component thereof according to claim 31, wherein the
compound of formula I(@) is selected from 1H,1H,2H,2H-perfluorohexyl acrylate (PFAC4),
1H,1H,2H,2H-perfluorooctyl acrylate (PFAC8), 1H,1H,2H,2H-perfluorodecyl acrylate (PFACS8)
and 1H,1H,2H,2H-perfluorododecyl acrylate (PFAC10).

An electronic or electrical device or component thereof according to claim 32, wherein the
compound of formula I(a) is selected from 1H,1H,2H,2H-pefluorohexyl methacrylate (PFMAC4),
1H,1H,2H,2H-perfluorooctyl methacrylate (PFMAC6) and 1H,1H,2H,2H-perfluorodecyl
methacrylate (PFMACS).

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

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

g LRk

H H
||
STt A

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

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

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

O
— N~ (CH2)H
H  CH,

H
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where nis 2to 12.

37. An electronic or electrical device or component thereof according to claim 35 or claim 36,
wherein the compound of formula I(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 I(b) and has the following formula:

O
Ry 0—X
> (CHpn—CH,4

R Rs
where n is from 4 to 14, optionally where R;, R, and R; 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 inciuding 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:

Ry Rs

)=

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

or straight chain C;-Cg alkyl or halo alkyl or aryl optionally substituted by halo, and R; is selected from:

ai X o [
O C CX3 C CXs
X =0 |x
nq nq

or

where each X is independently selected from hydrogen, optionally substituted branched or straight
chain C4-Cg alkyl, halo alkyl or aryl optionally substituted by halo; and n, 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:
Y Y4
i
L
Yj Ye Y;——L—Y;

(@) (i)
where Y, Y, Y3, Ysa, Y5, Y, Y7 and Yz are each independently selected from hydrogen, optionally
substituted cyclic, branched or straight chain 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:

"211/Y9\Y/Y9

10

each Y, is independently selected frem, a bond, -O-, -O-C(O)-, —C(0O)-0O-, -Y;;-O-C(O)-, -C(0)-O-Y4-,
-0Y,;-, and -Y;0-, where Y,; is an optionally substituted cyclic, branched or straight chain C;-Cg
alkylene; and

Yo is selected from optionally substituted cyclic, branched or straight chain C;-Cs alkylene and a
siloxane group.

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

_O_Y19__O_ O O
‘111" \ﬂ/ \ﬂ/ ‘"‘JJ -QR/U\O/Y1ONO/U\;‘J

O O
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O

0
‘%,,/\OJJ\Y%J\O/\J /U\ o Y5 O)J\,F'

44. A method according to claim 42, wherein for compound (i) L has one of the following structures:
JJ‘A\/O\ ’O\/'LLL' /O\/Y1O\/O\
Y10 e o

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

i
3 C 3

¢ $
[V
n

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

branched or straight chain alkyl, or —OY,, where Y,, is selected from optionally substituted branched
or straight chain C,-Cg alkyl or alkenyl, and n is an integer from 1 to 10.

46. A method according to claim 45, wherein each Y,; is H and each Y3 is H.

47. A method according to claim 45, wherein each Y, is fluoro and each Y3 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, has the following formula:

T15 Y15
§—si—O s. :
Yis Y15

Wherein each Y,s is independently selected from optionally substituted branched or straight
chain C;-Cg alkyl.

50. A method according to claim 49, wherein each Y,5is methyl, and each Yy is a bond.

51. A method according to any of claims 42 to 44, wherein Y, has the following formula:
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Yig Yis

wherein Y,g to Y49 are each independently selected from H and optionally substituted branched or

straight chain C,-C; alkyl or alkenyl.

52.

53.

54.

55.
I(a):

An method according to claim 51, wherein Y,z is vinylene or H, and Y4, Y47 and Yo are each
H.

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).

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

straight chain C;-Cs alkylene or an ether group.
A method according to any of claims 40 to 54 wherein the monomer is a compound of formula

I(a)
R, O Rs R, [Rg] >l<] [>l<

L
R, N0 T 1T [T IST TS 1%
& R Rg | Rio| | X CX3

a b C

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

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

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

, or

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

I(b)
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Ri QR R [Ro] [X] X |
R, c——+—cC C C

%] (8],

wherein each of R4, R;, R4, and R to Ryp is independently selected from hydrogen or an optionally

substituted C-Cgbranched or straight chain alkyl group; each X is independently selected from
hydrogen or halogen; a is from 0-10; b is from 2to 14; andcis Qor 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, Rz, Ry, and Rs to Ryg 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 Ry, R;, R4, and Rs to Ryg is independently
selected from hydrogen or methyl.

59. A method according to any of claims 55 to 58, wherein a and c are each independently 0 or 1;
and bis from3to 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 X is F.

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

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

64. A method according to any of claims 41 to 63, wherein Rg is hydrogen and Ryg is branched or
straight chain C4-Cg alkyl group.

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

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

67. A method according to any of claims 41 to 66 wherein each of each of R, Rz, R4, and Rsto Ry

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 I(a) has the

following formula:

O
— o~ (CF2)F
H H

H

where n is from 2 to 10.

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

following formula:
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O
H  CHs

H

where n is from 2 to 10.

70. A method according to claim 68, wherein the compound of formula I(a) is selected from
1H,1H,2H,2H-perfluorohexyl acrylate (PFAC4), 1H,1H,2H,2H-perfluorooctyl acrylate (PFACBS),
1H,1H,2H,2H-perfluorodecyl acrylate (PFAC8) and 1H,1H,2H,2H-perfluorododecyl acrylate
(PFAC10).

71. A method according to claim 69, wherein the compound of formula i(a) is selected from
1H,1H,2H,2H-pefluorohexyl methacrylate (PFMAC4), 1H,1H,2H,2H-perfluorooctyl methacrylate
(PFMACSG) and 1H,1H,2H,2H-perflucrodecyl methacrylate (PFMACS).

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

R gy i v I B
L n [ (W] [ Sn

R4 Ri
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.

following formula:

0
a

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

following formula:

o
— ~o (CH2)nH
H  CHs

H

where nis 2to 12.
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A method according to claim 72 or claim 73, wherein the compound of formula I(a) is selected
from ethyl hexyl acrylate, hexyl acrylate, decyl acrylate, lauryl dodecyl acrylate and iso decyl

acrylate.

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

I(b) and has the following formula:

O

Ry 0

> (CHpy—CH,§
R, Rj

where n is from 4 to 14.

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

the following formula:

O
H o%
H>=<H (CHz)n—CH,

where n is from 4 to 14.

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 puised field.

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

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.

A method according to any of claims 77 to 79 wherein the voltage is pulsed in a sequence
where power is on for 20-50us, and off for from 1000us to 30000us.

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 20 minutes.

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

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 invention relates to protective coatings. Specifically, the present invention relates to protective
coalings 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
Tiquid into electronic devices, or they can protect by forming a barrier coating and so provide elactrical
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 depasition 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- perfluorodecy! acrylate (PFACS), there's less retention of the perfluoroalkyt 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 struciure 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 flugrinated carbons, the resuiting polymer is amorphous and so can be unstable in the presence
of water (see “Molecular Aggregation Structure and Surface Properties of Poly(fluoroatkyl acrylate)
Thin Fiims, Marcomolecules, 2005, vol 38, p5699-5705)

When long chain perflucroalkyl polymers are produced by high average power {(continuous wave or
CW) or low average power (puised wave or PW) plasmas, then because of the crystalline structure of
the iong 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 PFACS (1H,1H,2H,2H-perfluorcoctyl acrylate) is polymerised
in fow power plasma conditions, the resulting polymer coating can have several disadvantages. For
example the coating can cause water drops to spread out a litite (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 Increaélng 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 abow)e). 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/ul/min, the water conlact 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 providés 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 io allow formation of the protective cross-linked
polymeric coating on a surface thereof,

wherein the monomer compound has the following formula:

where R,, Rz and R, are each independently selected from hydrogen, optionally substituted branched
or straight chain C4-C, alkyl or halo alky! or aryl optionally substituted by halo, and R; is selected from:

Y
i
2
?‘\'

)

A
=

-
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3.

‘hers each X is independently selected from hydrogen, a halogen, obtionally substituted branched or
straight chain C,-C; alkyl, halo alkyt or ary! optionally substituted by halo; and n, 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 moleties and has a boiling point of less than 500 °C at standard
pressure. '

High levels of bolymer crosslinking (formerly only achievable with high average power continuous
wava 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 hydroghobic 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 repeilant layer, typically a water repeliant layer. The coating
may repel water, an aqueous liquid such as rainwater, or olil.

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

The coating may be a physical barrier l.e. It provides a physical barrier fo mass and electron transport.

The physicat barrier layer restricts diffusion of water, oxygen and ions. Wheh 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 eontect with water or other liquids. The
coating may provide is protective functionality by forming a liquid repelient layer and/or a physical
barrier layer.

The coating Is preferably substantially pin-hole free to enable it to provide a physical barrier.
Preferably AZ/d <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 AZ/d tells us to what extent defects/voids on the surface of the coating extend into the

coating, L.e. the percentage value of the depth of defect over total coating thickness. For example,
AZ/d = 0.15 means that the voids on the surface only extend down to 15% of the coating thickness. A
coating with a AZ/d <0.15 is defined herein as being substantially pinhole free. if voids are bigger than
this, the desired functionality is unfikely to be achleved.
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The coaling is preferably conformal, which means that it takes the 3D shape of the elactronic 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 afier 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 80060nm, 100 to 5000nm,
preferably 250nm — 5000nm, most preferably 250nm — 2000nm.

The coating may ba 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 slectrical connectors and slectronic 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 inup to 1Tm
of water for over 30 minutes without fallure 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 voitage 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 1x10” 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
davice 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 slectronic 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 20-100g 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™ 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 ieast 80° 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 pl droplets of deionised water at room temperature.

Crosslinker

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 aitached by one or more linker
moieties. The linker molety is not especially limited 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 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-inking reagent is not unduly
hazardous for use in plasma processing, that is {o 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:

. b 4 Y,
P L
——{\ : *:)——“55
N W
[ "
/ LY A
) Yz g (ﬁ)"?""’"""""“"""‘* i ———nd {1

where Y, Yz, Ys, Y Y5 Ys Y7 and Y, are each independently sefected from hydrogen, optionally
substituted cycllc, branched or straight chain C,-Cg aliyl or aryl; and L is a linker moiety.

Most preferably L has the following formula:.

aYQ ,.-Yﬁ
(i) L

where each Yg Is independently selected from, a bond, -O-, -O-C(0)-, ~C(0)-0O-, -Y1-0-C(0)-, -C(O)-
0-Y;1-, -OY44-, and =Y,,O-, where Y4 is an optionally substituted cyclic, branched or straight chain
C,4-Cp alkylene; and
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Yo is selected from optionally substituted cyclic, branched or straight chain C4-C; alkylens and a
-sfloxane containing group. .

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

()

wherein each Y2 and Y. is independently selected from H, halo, optlopally substituted cyclic,
branched or straight chain C4-Cy alkyl, or ~OY4y,, where Y, is selected from optionaily substituted
branched or straight chaln C4-C, alkyl or alkenyl, and n is an integer from 1 to 10.

Optionally, each Y,; is Hand each Y3 is H,i.e. Yyp is a linear alkylene chain. For this embodiment Yy
is preferably a vinyl ester or vinyl ether group. ’

Optionally, each Y, is fluoro and each Yy is fluoro, i.e. Yy I8 a linear perflucroalkylene chain.
Typically, nis from 4 t0 6.

In another embodiment Yy, has the following formula:

e \é?a
| s.—q%mo'_“sh——é
Yis e

v
wherein each Y is independently selected from optionally substituted branched or straight chain Cq-
Ce alkyl.

In one embodiment each Yqgis methyl, and each Yy is a bond.

in a further embodiment Y,y has the following formula:
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wherein Yys to Yig are each Independently selected from H and optionally substituted branched or
straight chain C4-Cg alkyl or alkenyl. A preferred alkenyl group is vinyl. Optionally Ys Is H or vinyl, and
Yie: Y17 @and Y, are aach H. in one embodiment each of Yg 10 Yygis H. In ancther embodiment Yy, is

vinyl, and Y, Y47 and Yyg are each H.

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

*m°\

Yf@
(vil) g {viil)
° o

)\\ﬁ‘,’;:fJL“o/\};

< °

Q

3

\(J\ //\Y/\

(x)

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

(xi)

- Q. Xig 0
i {xi

For L according structure (vii), Yqp is preferably an alkylene chain or a cycloalkylene, such as those
shown in structures Iv} and vi) above. The alkylens chain may be a straight chain alkylene chain.
When Yy is a cycloalkylene, cyclohe):ylene is preferred, most preferably 1.4 cyclohexyiene.
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For L according to structuré {Vii), Yo Is prefarably structure (lv), l.e. an alkylens or fluoroalkylene
chain.

For L according to structure (ix), Yy is preferably cycloalkylene, such as the cyclohexylene according
1o structure (vI).

For L according to structure (x), Yao Is preferably structure (iv) wherein each Yy, and Yy is F, i.e. a
perfluoroalkyiene chain.

For L according to structure (xi) or structure (xii} Yy is preferably alkylene or cycloalkylene. Optionally
the alkylene or cycloalkylene may be substituted with one or more vinyl groups or alkenyl ether
groups, preferebly one or more vinyl ether groups.

When each Y; is a bond, each Yy may be any of structures (iv), (v) and {vi). Preferably Y,; is a
straight chain alkylene such that the crosslinking reagent is a diene, such as a heptadiene, octadlens,
or nonadiene, most preferably 1,7-octadiene. '

When each Yy is O, each Yy is preferably a branched or straight chain C,- Cg alkylene, preferably a
stralght chaln alkylene, most preferably a C, straight chain aikylene, l.e the crosslinking reagent is
1,4-butanediol divinyl ether

it will be understood that each Y, group can be combined with any other Yy group and Y, group to
form the crosslinking reagent.

The skilled person will be aware of possible substituents for each of the cyclic, branched or straight
chain C+-C; alkylene groups mentioned above. The alkylene groups may be substituted at one or
more positions by a suitable chemicat group. Halo substituents are preferred, with fluoro substituents
most preferred. Each C,-C; alkylene group may be a C4-C;, Cz-Cg, or Cg-C; alkylene group.

Particularly preferred embodiments of the crosslinker have alky! chains for Y.g and vinyl ester or vinyl
ether groups on either side.

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

Another preferred cross-inking reagent Is 1,4-butanediol divinyl ether (a 'divinyl ether)

For the most preferred embodiments the crosslinking reagent is selected from Divinyl Adipate (DVA),
1,4 Butanedic! divinyl ether (BDVE), 1,4 Cyclohexanedimethanol divinyl ether (CDDE), 1,7 -Octadiene
(170D), 1,2,4 -Trivinylcyclohexane (TVCH), 1,3-Divinyitetramethyldisiloxans (DVTMDS), Dlaliyl 1.4~
cyclohexanedicarboxylate  (DCHD), 1,6-Divinyiperfluorchexane  (DVPFH), 1H,1H,6H,6H-
Perfiuorohexanediol diacrylate (PFRDA) and glyoxal bis {dialiyl acetal) ( GBDA).

For the alkyne crosslinking reagents according to compound (ii), L is preferably selected from a
branched or straight chain C4-Cy alkylene or an ether group. L may be a C;, C4, Cs, or Cg 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)
_ HC o)
e OAC'"z
1,4 Butanediol divinyl ether PO
z ny H zc/\o ' N2
: {BDVE) A
1,4 Cyciohexanedimethanot } 4 OACHQ
- divinyl ether (CODE)
" 1,7-Octadiene (170D} W%
"1,2,4 Trivinylcyclohexane \CHz
{TVCH)
= F
13 ' CHo
hivinvltetramethyidisiloxane Hzcy—Si—O— i—
{OVTMDS) CH,
Diallyl 1,4- 6] ~
cycichexanedicarboxylate
{DCHD)
: o /\%Hz
{ 1,6-Divinylperfiucrohexane - F F E
F F
(DVPFH) HCZ = ZCt
1H,1H,6H,6H- o 3 F
F F, ™
PeMmmhexangdiol Mo = F CH,
diacrylate (PFHDA)
GBDA , —N\FCHe
W o /VCHQ
W
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1,6-hepiadiyne HCE—/\—'—-—(}I

1,7-heptadiyne I—IC_____/\/—-—CH""—_"_' ‘

1,8-heptadiyne - HC———/\/\_'—CH

Propargyl ether Hc"———/ \—-—ECH

Table 1

Monomer Compound
The manomer compound has the following formula:

R Fa

where R4, Rz and R, are each independently selected from hydrogen, optionally substituted branched
or straight chain C+-Cs alkyl or halo alkyl cr aryl optionally substituted by halo, and R, is selected from:

where each X is independently selected from hydrogen, a halogen, optionally substituted branched or
10 straight chain C4-Cg alkyl, halo alkyl or aryl optionally substituted by halo; and n; Is an irteger from 1
to 27. Preferably, n4 is from 1 to 12. Opticnally n, is from 4 to 12, optionally 6 to 8.

In a preferred embodiment Ry is selected from:
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wherem, is anllnt‘eger from 0 to 13 and each X is independently selected from hydrogeh.- a halogen,

optionally substituted branched or straight chain C4-Cg alkyl, halo alkyl or aryl optionally substituted by
5 halo;and m2 is an integer from 2 to 14;

In a particutarly preferred embodiment the monomer is a compound of fomula I(a):

{a)

wherein each of Ry, R;, Ry, and R; to Ry Is independently selected from hydrogen or an optionally
10  substituted C,-Cgbranched or straight chain alkyl group; each X is independently selacted from
hydrogen or halogen; ais from 0-10; bis from2to 14, andcis Qor 1;

ior

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

i(b)
R, © Ry Ry
— N
ST
5 R

wherein each of Ry, Rz, Ry, and Rs to Ry is independently selected from hydrogen or an optionally

substituted C,-Cg 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; andcis O or 1.
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The haiogen may be chlorine or bromine, but is preferably fiuorine for compliance with RoHS
regulations (Restriction of Hazardous Substances).

ais from 0 to 10, preferably from 0 to 6, optionally 2 to 4, most preferably 0 or 1. b is from 2 to 14,
optionally from 2 to 10, preferably 3to 7.

Each of R;, Rz, Ry, and Rs to Ry, is Independently selected from hydrogen or a C,-Cg 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 sultable substituents. If the alkyl group is substituted, a
preferred substituent Is halo, i.e. any of Ry, Rz, Ry, and Rs to Rypmay be haloalkyl, preferably fiuoro

alkyl. Other possible substituents may be hydroxyl or amine groups. Iif the alkyl group is unsaturated it
may comprise one ar more alkene or alkyne groups.

Each of R,, Rz, Ry, and Rs to Ry, may be independently selected from hydrogen, methyl, ethyl, n-
propyi, isopropyl, n-butyl, isobutyl, tert-butyl, sec-butyl, n-pentyi, neopentyl, n-hexyl, ischexyl, and 3-
methylpentyl.

in a preferred embodiment each of Ry, Rz, Ry, and Rs to Ry, is independently selected from hydrogen
of methyi. '

in a preferred embodiment, a and c are each independently 0 or 1; and b is from 3 to 7.
In one preferred embodiment each X is H. In an alternative preferred embodiment each X is F.
Optionally R, and R; are both hydrogen.

Optionally R4 is hydrogen or methyl. Preferably Ry and R; are both hydregen and R, Is hydrogen or

methyl.

Optionally Ry Is hydrogen and Ry is branched or straight chaln C4-C, alkyl group. in a preferred
embodiment Ry Is methyl.

In one embodiment each of Rs to R is hydrogen.
in one embodiment each of Ry, Rs, Ry, and Rs to Ryg is hydrogen, each X is H, a=0 and ¢=0.

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

H

where n is from 2 to 10. -

in another preferred embodiment the monomer compound has the following formula:

O

H>:__(1LO/\/(CF2)HF

H  on,
5 where n is from 2 to 10.

The monomer compound may be selected from 1H,1H,2H,2H-perflucrohexyl acrylate (PFACA4),
1H,1H,2H,2H-perfluorooctyl acrylate (PFACE), 1H,1H,2H,2H-perflucrodecyl acrylate (PFACB) and
1H, 1H,2H,2H-psrflucrododecyl acrylate (PFAC10).

The monomer compound may be selected from 1H,1H,2H,2H-peflucrohexyl methacrylate (PFMAC4),
10 1H,1H,2H,2H-perfluorooctyl methacrylate (PFMACS) and 1H,1H,2H,2H-perflucrodecyl methacrylate
(PFMACS).

The monomer compound of formula I{a) may have the following formula:

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.

15 The monomer ccompound of formula i(a) may have the following formula:
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H

wherenis 2 to 12.

The moanomer compound may be selected from ethyl hexyl acrylate, hexyl acrylate, decyl acrylate,
lauryl dodecyl acrylate and iso decyl acrylate.

The menomer may have the following formula:

O

D o (o o
A

Ry

where n is from 4 to 14.

The monomer may have the following formula:

4
H O—-—i‘
\ Vi A
)—'—d\ ‘{(33;;3;;.‘.‘::...{.;115
A, \
H H

where n is from 4 to 14.

In an additional aspect, the present invention provides a method for treating an e'ectronic 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,, R; and R; are each independently selected from hydrogen, optionally substituted branched
or straight chain C4-Cy alkyl or halo alkyl or aryl optionally substituted by halo, and Ry is selected from:

where each X Is independently selected from hydrogen, optionally substituted branched or straight
chain C4-C; alkyi, halo atkyl or aryl optionally substituted by halo; and n, 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 reag_ent utilised in the method are described in further
detail above. ’

Typlcally 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 ps, preferably 35-45 us, or 30-40 s, such as about 36

ps and time off may be from 0.1 to 30 ms, preferably 0.1 to 20 ms, optionally from & to 15 ms, for

example 6ms. Time on may be 35 ys, 40 ps, 45 ys. Time off may be 0.1, 1, 2, 3, 6, 8.l 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 pilasma but that the amount of
plasma cycies 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 sufficlent period of time to allow a protective polymeric coating to form on the substrate,
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whaerein during exposure of the substrate the continuous plasma has a power density of atleast
2Wilitre, preferably 20Wilitre.

Optionally the voltage is applied as a pulsed field for a period of from 30 seconds to 90 minutes.
Oplionally the voltage is applied as a puised fleld for from 5 to 60 minutes. Optionally In a preliminary
step, a continuous power plasma is applied to the slectronic 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 crossiinker may be delivered into the chamber by
way of an aerosol device such as a nebuliser or the like, as described for example in
WO02003/097245 and WO003/101621, the content of which is incorporated herein by reference. In
such an arrangement a carrier gas may not be required, which advantageously aesists in achieving
high flow rates.

{n one embodiment the monomer compound and/or the crosslinking reagent are in gaseous form and 7
are fed into the plasma at a rate of from 10-5000 mg/minute depending on chamber volume, whilst
the puised volitage is applied.

Optionaily the plasma is created with an average power of from 0.001 to 40Wlitre.

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 compasition. 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) %, optionaily 20 1o
40 (viv) %, optionally 25 to 30 (v/iv)% , 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.

Elsctronic or electrical device or component thereof

Although the invention is of benefit in the context of a widé 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 paimtop 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 circuilt 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 parﬂcularly valuable In

preventing electrochemical mlgraﬂon 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 preferrad 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

examples and the accompanying illustrative drawings, of which:

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

2 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 10x10 um? field of view of a specimen example
(thickness d=1230 nm) prepared according to Example 1 (left hand side) and a contour iine plot'
showing the data used for calculation of RMS roughness (right hand side). The AZ value Indicated on
the piot has been taken over an area of the graph that represents the majority of the coating. Peaks
that lie above the AZ range indicate largse 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 frorn 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 80 nm thick coating, prepared as described in Example 3,
over 2x2pm? 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 Az/d =0.05

Example 1
Example of plasma polymerising PFACS 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 80 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 wes 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 jower CW powers, the coating could easily be smeared (i.e. tacky), but by
increasing the power {o flow ratio, the coating became resistant to smearing (l.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 PFACG 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 ooating smearing
and maintain the water contact angle.

Example 2

Examples of Perfluoro Alkyl Acrylate éo-potymeﬂsaﬂon with Crosslinker to show
improvements in electrical resistance

Perfluorooctyl acrylate monomer was mixed with a single crosslinker from the foltowing list:
VINYL ESTERS: Divinyl adipate (DVA)

VINYL ETHERS: 1,4-Butanediol divinyl sther (BDVE); 1,4 Cyciohexanedimethanol divinyl ether
(CDDE)

DI- or TRI- VINYLS: 1,7-Octadiene (1,7-OD); 1 .2,4—Tﬂvinylcyclohexane (TVCH),

D! VINYL with alkyl flucro group: 1,6-divinylperfluorohexane (DVPFH)

DI VINYL with silicon group: 1,3-Diviny! tetramethyldisiioiane (DVTMDS)

DI VINYL with cyclic ring and carboxylate groups: Diallyl 1,4~-cyclohexanedicarboxylate (DCHC)
DI ACRYLATE: 1H1H ;GH,BH-petﬂuorohexanedlol diacrylate (PFHDA)

The crosslinker was mixed with the PFACG 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 chambar. The
substrates were test circuit boards. The PFAC8/crosslinker mixture was introduced at a rate of 0.04 —
0.08 ul/min and the process pressure was 40 mToir. The process plasma consisted of 8 1 minute
continuous plasma (CW) step of 50W folowed by 10 - 20 minute pulsed plasma (PW) step of 50W
and RF power being delivered by a pulse sequence with a duty cycle of 8.9%. 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 measuremenis, were used to calculate the electrical
resistance per nm of coating. Figure 5 below shows the effect of adding a range of crosslinkers on
the electrical resistance per nm of the barrler coatings. Figure 5 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 crossiinker concentration on water repellent coating.

Water repellent coatings were prapared in a 125 litre volume chamber using PFACS6 with different
levels of divinyl adipate (DVA) and using hellum 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 puise 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)% DVA crosslinker is shown In Figure 4. it was also noted that for the 10 (v/v)
% DVA concentration, the water drop left a mark on the coated wafer where it's circurnference 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) % DVA crosslinker, though this is llikely 1o vary, typically within the range of from 10-80 (viv) %
for different monomers and crosslinkers and different chamber sizes.

Pulsed plasma polymerisation of perfluoro alkyl acrylate in the presence of divinyl adipate (DVA) was
carried out in a 125 litre chamber. Figure 4 shows the effect of adding different liquid volume
percentages of DVA crosslinker to perfluorooctyl acrylate on water contact angle on a silicon wafer
substrate.

Example 4
Example.of AFM measurement of monomeri/crosslinker co-polymer coaﬂng

A barrier-style coating was prepared in a 22 litre volume chamber using PFACS with 10% DVA. The
deposition process consisted of a 1 minute CW ‘step with a oW power to flow ratio of 3.9
(Wimicroliter/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 obtalned 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 Az/d = 0.05. As the Az/d vaiue is <
0.15, then this indicates that the physical layer is substantially pinhole free.
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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-inked 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 crass<inked

polymeric coating on a surface thereof,
whal;eln the monomer compound has the following formula:

R !
-‘.,\;‘ . - f

B Ra ' -
¥
J§
where Ry, Rz and R are each independently selected from hydrogen, optionally substituted branched
or straight chain C4-Cs alkyl or halo alky! or aryl optionally substituted by halo, and R; Is selected f,om .

I
'

Weiremme(Bimrmas I

o

where each X is independently selected from hydrogen, a halogen, optionally substituted branched t)r
straight chain C,-Cq alkyl, halo alkyl or aryl optionally substituted by halo; and n;'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 moleties and has a bolling 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 liquld repelient 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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where Yi, Y2, Ya, Ya Ys, Yo Y7 and Ys are each independently selected from hydrogen, optionally
substituted cyclic, branched or straight chain C,-Cg alkyl or aryl; and L is a linker moiety.

S, An electronic or electrical device or ooﬁaponeni thereof according to claim 4, wherein for
compound (1) L has the following formuia: )
\ ¢

L T ¢ N
V"' “Y,‘g:/ ‘*,‘;

L §
each Yy Is independently selected from, a bond, -O-, -O-C(O)-, -C(0)-O-, -Y14-0-C(0O)-, -C(0)-0O-Y144-,
-0Y,4-, and =Y4,0-, where Yy, is an optionally substituted cyclic, branched or straight chain C,-Cy
alkylene; and ’

Yo is selected from optionally substituted cyclic, branched or straight chain C,-Cs alkylene and .a
slloxane 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:

ey

x{’\o)kl RIS T

7. An electronic or electrical device or component thereof according to claim 5, wherein for
compound (i} L has one of the following structures:

5.

f\“\v'“"' Sy ‘{f s\»f""}." “,"// ~ T &\,"‘/ \?s"

8. An electronic or electrical device or component thereof according to any of ciaims & to 7,
wherein Y40 has the following formula:
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wherein each Yy and Yqa is independently selected from H, halo, optionally substituted cyclic,
branched or straight chain alkyl, or —OY;., where Y., is selected from optionally substituted branched
5 - orstraight chain C,-C; alky! or alkenyl, and n is an integer from 1 to 10.

Q. An elecironic or electrical device or component thereof aooordlng to claim 8, wherein each Y,
is H and each Yq3is H.

10. An electronic or electrical devlce or component thereof acoordmg to claim 8, wherein each Y,2
Is fluoro and each Y43 is fluoro.

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

wherein nis from 4 to 6.

12.  An electronic or electrical device or component thereof according to any of claims 5 to 7,
wherein Yy, has the following formu

Yag Yhis
3 ;L' . .. %
,s -------- sgl 0 ?‘ s
Yis Yig
15 Wherein each Y5 Is independently selected from optionally subslituted branched or straight
chain C-Cq alkyl.

18. An electronic or electrical device or component theneof accordlng to claim 12, wherein each Y,
is methyl, and each Yy is a bond. .
14, An electronic or electrical device or component thereof according to any of claims § fo 7,
20 wherein Y has the following formula:

Yis Yir

wherein Y. to Yy are each independently selected from H and optionally substituted branched or
siraight chain C-Cs alkyl or alkenyl.
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15. An electronic or electrical device or component thereof according to claim 14, wherein Y4 is H
or vinylense, and Y, Y17 and Y4 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
s ether (BDVE), 1,4 Cyclohexanedimethanol divinyl ether (CDDE), 1,7 -Octadiene (170D}, 1,2,4 - .
Trivinylcyclohexane (TVCH), 1,3-Divinyltetramethyldisiloxane (DVTMDS), Diallyl 1,4-
cyciohexanedicarboxylate (DCHD), 1,6-Divinylperfluorohexane (DVPFH), 1H,1H,6H,6H-
Perfluorohexanediol diacrylate {PFHDA) and glyoxal bis (diallyl acetal) { GBDA).

10 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;-C; 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 Ka):

i{a)
R
/A%:;\ Xy

wherein each of Ry, Rz, R4, and Rs to Ry Is independently selected from hydrogen or an optionally
substituted C,-Cgbranched or straight chain alkyl group; each X is independently selected from
hydrogen or halogen; a is from 0-10; bisfrom 2to 14; and cis Oor 1;

,or
20 wherein the monomer is a compound of formula Kb):

Kb)
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wherein each of Ry, Rz, R4, and Rs to Ry is independently selaected from hydrogen or an optionally
substituted C+-Cg branched or straight chain alkyl group; each X is independently selected from
hydrogen or halogen; a is from 0-10; b is from 2to 14; andcis Oor 1. -

19.

20.

21.

24.

25.

27.

31.

An electronic or electrical device or component thereof according to claim 18, wherein the
hatogen is fiuorine.

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

wherein each of Ry, Ry, Ry, and R; to Ryp is independently selected from hydrogen, methyl

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

ischexyl, and 3-methyipentyl.

An electronic or electrical device or component thereof according to claim 20, wherain each of

R, Rz, R4, and Rs to Ry is independantly selected from hydrogen or methyl.

An olectronic or electrical device or component thereof according to any of claims 18 to 20,

wherein a and c are each independently 0 or 1; and b Is from 3 to 7.

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

wherein each X is H.

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

wherein each X is F.

An electronic or electrical device or componen( thereof according to any of claims 18 to 24,

wherein R; and R; are both hydrogen.

An electronic or electrical devica or component thereaf according to any of claims 18 td 25,

wherein R, is hydrogen or methyl.

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

wharein Rg is hydrogen and Ry, is branched or straight chain C,-Cs alkyl group. '

An-electronic or electrical device or component thereof according to claim 27, wherein Ryg'Is

methyl.

An electronic or electrical device or component thereof according to any of claims 18 to 28,
wherein each of Rs to Ry is hydrogen.

An electronic or electrical device or component thereof according to any of claims 18 to 29
wherein each of each of Ry, Rz, R4, and Rs to Ry is hydrogen, each X Is H, a=0 and c=0.

An electronic or electrical device or component thereof according to any of claims 24 to 30,
wherein the compound of formula {a) has the following formula:

O

H)_._:_(U\O/\/ (CF,).F
H .

H

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 Ka) has the following formula:

0
N\ I~ (CF)F

H CH,

where n Is from 2 to 10.

5 33. An electronic or electrical device or component thereof 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 (PFACS), 1H,1H,2H,2H-perfluorodecy! acrylate (PFACS)
and 1H,1H,2H,2H-perfluorododecyl acrviate (PFAC10).

10 34. An electronic or electrical device or component thereof according to claim 32, wherein the
compound of formula I(a) Is selected from 1H,1H,2H,2H-pefluorohexy! methacrylate (PFMAC4),
1H,1H,2H,2H-perfluorcoctyl methacrylate (PFMACS) and 1H,1H,2H,2H-perflucrodecyi
methacrylate (PFMACS). :

15 35. An electronic or electrical device or component thereof according fo any of claims 18 to 23,
wherain the compound of formula i{a) has the following formula: ‘

wherein a and ¢ are 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 comporient thereof according to any of claims 18 to 23,
20 wherein the compound of formula i(a) has the following formula:

O
_— o (CH,),H

H CH,
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wherenis 2to 12,

37, An electronic or electrical device or component thereof according to claim 36 or claim 38,
wherein the compound of formula i(a) is selected from ethyl hexyl acrylate, hexyl acrylate, decyl
acrylate, lauryl dodecyl acrylate and iso decyl acrylate.

38. ' An elactronic or electrical device or component thereof according to any of claims 18 to 23,
wherein the monomer is a compourd of formula I{b) and has the following formula:

0

o o4
< (CrYg )i Gy
7N BT

5 R,
where n Is from 4 to 14, optionally where Ry, R; and Ry are each H.

39. An electronic or electrical device or component thereof according to any of the preceding
claims, whereln 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 alds, personal audio equipment such as personat
CD, tape cassette or MP3 players, televisions, DVD players including portabie DVD ptayers,
video recorders, digi and cther set-top boxes, computers and related components such as
laptop, notebook, tablet, phablet or paimtop computers, personal digital assistants (PDAs),
keyboards, or instrumentation, games consoles, data storage devices, outdoor lighting
systems, radlo antennae and other forms of communication equipment, and printed circuit
boards.

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

exposing the electronic or electrical device or component thereof to a plasma
comprising & 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 elecironic or electrical device or
component thereof; ‘

wherein the monomer compound has the foliowing formula:
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where R, R; and R, are each independently selected from hydrogen, optionally substituted branched
or straight chain C4-Cg alky! or halo alky! or aryl optionally substituted by halo, and Ry is selected from:

where each X is independently selected from hydrogen, optionally substituted branched or straight
chain C,-C; alkyl, halo alkyt or aryl optionally substituted by halo; and n, 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 aocordihg to claim 40, wherein the crosslinking reagent has one of the following
structures:

0 N S ——— ) £
where Y1. Y2, Ya. Ya Ys, Yo, .Y-, and Yg are each independently selected from hydrogen, optionally
substituted cyclic, branched or straight chain C+Cs 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:

Y3 2.
K';/’ \Vf:!’ f; '

each Y, is independently selected from, a bond, -O-, -0O-C({0)-, —C(0)-0O-, -Y;;-O-C(0)-, -C(0)-O-Y4+-,
-0Y4¢-, and -Y4,0-, where Y, Is an optionally substituted cyclic, branched or stralght chain C,-Cg
alkylene; and

Yio is selected from optionally substituted cyclic, branched or straight chain C4-Cq alkylane and a
siloxane group.

43. A method according to claim 42, wherein for compound (1) i has one of the following structures:

§-—-—-a Ot - /70
i w ,,g_o\‘“

Q-
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44. A method accordlng to daim'42. whereln for compound (i) L has one of the following structures;

:“‘"‘\, / Sy _/‘ 5. av/ S Y‘ﬂ'\,-f’o‘*\;?'e

5 45. An method aooordlng to any of claims 42 to 44, wherein Y4, has the following fbrmula:-

wherein each Y., and Y.3 is independently selected from H, halo, optionally substituted cyclic,
10 branched or straight chain alkyl, or ~OY);, where Y4 is selected from optionally substituted branched
" or straight chain C,-C, alkyl or alkenyl, 2nd n is an integer from 1 to 10.
46. = A method according to claim 45, WhereineaehYgzisHandeactha is H.
47. A method according to claim 45, wherein each Yu Is fluoro and each Y3 Is ﬂuom
48. A method according to any of claims 45 to 47, whereln nis from 4 10 6.
15 48. A method according to any of claims 42 {o 44, whenein Y4 has the following formula:

Yo » Yse:

Y1o ‘Y'!S
Wherein each Y5 is independently selected from optionally substituted branched or straight
chain C;-Cg alkyl.

50. A method according to claim 49, wherein each Y,gis methyl, and each Yy is a bond.
20 -51. .A method according to any of claims 42 to 44, wherein Y has the following formula:
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wherein Yig to Yyg are each independently selected from H and optionally substituted branched or
straight chain C,-C, alkyl or alkenyl. '

52.

53.

55.
Ka):

An method according to claim 51, wherein Y,e is vinyloene or H, and Y,q, Y17 and Yyg are each
H. '

A method according to any of claims 40 to 52, wherein the crosslinking reagent Is selected from
Diviny! Adipate {DVA), 1,4 Butanedio) 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-Perfluorohexanedial diacrylate (PFHDA) and
glyoxal bis [diallyl acetal) ( GBDA). v

A method according to claim 41, wherein for compound (il), L. is selected from a Eranched or
straight chain Cy-Cg alkylene or an ether group. ‘

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

i(2)
. 4]
" ,/L"‘\“\'/ | '1'::%“”“"
} h‘ .ge

whereln each of Ry, Ry, Ry, and Rs to Ry is independently selected from hydrogen or an aptionatty
substitited C4-Cgbranched or straight chain alkyi group; each X Is independently selected from
hydrogen or halogen; a is from 0-10; b is from 210 14; and ¢ is Oor 1;

: Of

wherein the monomer Is a compound of formuta i(b):

I(b)
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wherein each of Ry, Rz, Ry, and Rs 1o Ry is independently selected from hydrogen or an optionally
substituted C4-Cg branched or straight chain alkyl group; each X Is independently selected from
hydrogen or halogen; a is from 0-10; bis from 2to 14;and cis Oor 1.

56. A method according to claim §5, wherein the halogen is fluorine.

57. A method according to claim 55 or claim 56, whereln each of Ry, Rz, Ry, and Rs 1o Rqg is
independently selected from hydrogen, methyi, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-
butyl, sec-butyl, n-pentyl, neopentyl, n-hexyl, ischexy!, and 3-methylpentyl.

58. A method according to claim §7, wherein each of Ry, Rg, R4, and Rs to Ry is independently
selected from hydrogen or methyl.

59. A method according to any of claims §5 to 58, wherein a and ¢ are each lndependenily Oor1;

andbisfrom3to 7.

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

A method according to any of claims 41 to 58, wherein each X is F.

A method according to any of claims 41 to 61, wherein R, and R; are both hydrogen.

A method according to any of claims 41 to 62, wherein R, is hydrogen or methyil.

A method according to any of claims 41 tc 63, wherein R is hydrogen and Ry is branched or

straight chain C4-Cg alky! group.

A method according to claim 64, wherein Ryg is methyi.

A method to any of claims 41 to 65, wherein each of R;s to R, is hydrogsn.

A method according to any of claims 41 to 68 wherein each of each of Ry, Rz, Ry, and Rs to Ry

is hydrogen, each X is H, a=0 and ¢=0. '

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

following formula:

) _
\ S rar . ‘~
H H .

where n is from 2 to 10.

I8 5

69. A method according to any of claims 61 to 67, wherein the compound of formula I(a) has the
following formula:
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A\ I~ (R F

H CH,
where n is from 2 to 10.

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

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

5 1H,1H,2H,2H-perfluorodecyl acrylate (PFAC8) and 1H,1H,2H,2H-perflucrododecyl acrylate
(PFAC10). : ‘ :

71. A method according to claim 69, wherein the compound of formula i(a) is selected from
1H,1H,2H,2H-pefluorohexyl methacrylate (PFMAC4), 1H,1H,2H,2H-perfluorooctyl methacrytate
10 {PFMACS) and 1H,1H,2H,2H-perfiuorodecyl methacrylate (PFMACS).

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

15 whereln a and ¢ 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 a) has the
following formula:

0
H o~ (CHy) H

H CH,

wherenis 20 12.
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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.

A method according to any of claims 41 to 80, wherein the monomer is a eompound of formula
I{b) and has the following formula:

G

(Mgl CH
g Ry
where n is from 4 to 14.

A method according to claim 75 wherein the monomer is a compound of farmula I{b) and has
the following formuia:

' ‘i_de‘f:ig)n ——Cly

where n~i§ from 4 to 14.

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
sald chamber, and a voltage applied as a pulsed fieid. _

A method according to claim 77 wherein applied voltage is al a power of from 40 to S00W.

A method according to claim 77 or claim 78 wherein the voltage Is pulsed in- a sequenca in
which the ratio of the time on : time off Is in the range of from 1:500 to 1:1500.

A method according to any of claims 77 to 79 wherein the voitage is pulsed in a sequence
where power is on for 20-50us, and off for from 1000ps to 30000us.

A method according to any of claims 77 to 80 wherein the voltage is applied as a puised field
for a period of from 30 seconds to 80 minutes.

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

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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A metﬁod according to claim 83, wherein the preliminary step is conducted in the presence of
an inert gas.
A method according to any one of claims 77 to 84, wherein the monomer compound and/or the

crosslinking reagent in gaseous form s fed into the plasma at a rate of from 80-300 mg/minute,

whilst the puised voltage Is applied.

A msthod 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/m®,

A method according to any of claims 40 to 88, wherein the monomer compound is miscible with
the crosslinking reagent.

A method according to any of daims 40 to 86, wherein the monomer compound Is immiscible

-with the crosslinking reagent..

A method according to clalm 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.

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 ocours in a plasma chamber; and the
monomer compound and crosslinking reagent are introduced separately into the chamber.

A method according to any of claims 40 to 80, wherein the crosslinking reagent Is present in an
amount of from 10 to 80 (viv) % of the total volume of monomer compound and crosslinking

reagent.
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Coatings
~ Abstract

The present invention provides an electronic or electrical device or component thereof comprising a
cross-inked 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 componeni thereof to a plasma oorhpt-fsirvg a monomer compound and a
crosslinking reagent for a periad of time sufficient to allow formation of the cross-linked polymeric
coating on a surface thereof,

wherein the monomer compound has the fcllowing formula:

where R+, R; and R, are each independently selected from hydrogen, optionally substituted branched
or straight chain Cy~Cg alkyl or halo alky! or aryl optionally substituted by halo, and R; is selected from:

where each X is independently selected from hydrogen, a halogen, optionally substituted branched or
straightchain C,-Cq alkyl, halo alkyl or aryf optionally substituted by halo; and n, is an integer from 1
to 27; and wherein the crosshinking reagent comprises two or more unsaturated bonds attached by
means of one ar more linker moieties and has a bolling point at standard pressure of less than §060°C.
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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: 06/21/2018
Non-Publication Request: No

Early Publication Request: No
Title

COATINGS

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (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 USPTO 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-HALT (1-866-999-4258).
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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
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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
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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).

SelectUSA

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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The following items have been submitted by the applicant or the International Bureau to the United States Patent
and Trademark Office as a Designated / Elected Office (37 CFR 1.495).

* Priority Document
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+ Copy of the International Search Report filed on 12/08/2017
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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
of 37 CFR 1.136(a).
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PATENT
In The United States Patent And Trademark Office

Inventor: Stephen Richard COULSON Examiner: To Be Assigned
Serial No. 15/735,130 Group Art Unit: 1762

International Filing Date: June 8, 2016 Confirmation No. 7101

International App. No. PCT/GB2016/051688 Docket No. GBL0007/US

371(c): December 8, 2017

For: COATINGS

Commuissioner for Patents BEIr;{:gI;TLI;TTE;\\TIST%?éxgﬁbi?ﬁ%ﬁsﬁﬁgs
P.0O. Box 1450 PATENT AND TRADEMARK OFFICE VIA THE OFFICE'S EFS-WEB

Alexandria, Virginia 22313-1450

Sonja A. Talley/
SONJA A. TALLEY

Preliminary Amendment

Dear Sir or Madam:

This 1s a Preliminary Amendment in the above-captioned application. Kindly enter this
Amendment prior to calculating the filing fee for this application.

No fee i1s believed to be required in connection with the filing of this Preliminary

Amendment.
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Docket No. GBL0007/US
Page 2

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-electroniec-or
eleetrieal said device or component thereef;

wherein the protective cross-linked polymeric coating is obtainable by exposing the-eleetronic-or
eleetrieal said device or component thereef 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 I(a):

I(a)
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wherein each of R;, R;, and Rs to Ry is hydrogen: each of R4, Ry and R)¢ is independently

hydrogen or methvl; each X is independently hvdrogen or halogen: a i1s from 0-10; b is from 3 to

7. and c is 0 or 1-has-the-followingformula:

R, Ry
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an-mtegerfromtto27; 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:
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where Y1, Y2, Y3, Ya, Ys. Y6, Y7 and Yy are each hydrogen: and L is a linker moiety.

2.( Currently Amended) Awn-eleetronte-oreleetrieal The device or component thereef according
to claim 1, wherein the protective cross-linked polymeric coating is a physical barrier to mass

and electron transport.

3.( Currently Amended) An-electronie-oreleetrical The device or component thereef according
to claim 1 erelatm2, 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) An-elestronic-oreleetrical The device or component thereef according
to elatm4 claim 1, wherein for compound (1) L has the following formula:
g,}‘!g_} - Q"x)\\ﬁ

et

RN ~ o

each Yy is independently selected from, a bond, -O-, -O-C(O)-, —C(0O)-O-, -Y1,-O-C(O)-, -C(O)-
O-Y11-, -OY 13-, and —Y1,0-, where Y, is an optionally substituted cyclic, branched or straight
chain C,-Cs alkylene; and

Yo 1s selected from optionally substituted cyclic, branched or straight chain C,-Cs alkylene and

a siloxane group.

6. (Currently Amended) An-eleetronic—orelestrieal The device or component thereef according

to claim 5, wherein for compound (i) L has one of the following structures:

¥ N
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7. (Currently Amended) An-eleetrenic-orelectrieal The device or component thereef according

to claim 5, wherein for compound (1) L has one of the following structures:
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8. (Currently Amended) An-eleetronicorelestrieal The device or component thereef according
to any-efelatmsSte7 claim 5, wherein Y, has the following formula:
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wherein each Y1, and Y13 1s independently selected from H, halo, optionally substituted cyclic,
branched or straight chain alkyl, or —OY 14, where Y14 1s selected from optionally substituted

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

9. (Currently Amended) An-eleetrentc-orelestrieal The device or component thereef according

to claim 8, wherein each Y, is H and each Y3 1s H.

10. (Currently Amended) An-electrenic-oreleetrical The device or component thereef according

to claim 8, wherein each Y, is fluoro and each Y3 is fluoro.

11. (Currently Amended) An-electronic-or-eleetrical The device or component thereefaccording
to-any-of-claims8-te10 claim 8, wherein n i1s from 4 to 6.

12. (Currently Amended) An-eleetronte-oreleetrieal The device or component thereef according
to any-efelaimsSte7 claim 5, wherein Y, has the following formula:

Yy Yis
§ 3
3 5 : 3
3 =i 8 5 <
3 3 %
i §
¥as Yes

Wherein each Y5 is independently selected from optionally substituted branched or

straight chain C;-Cg alkyl.
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13. (Currently Amended) An-eleetrente-oreleetrieal The device or component thereef according

to claim 12, wherein each Y5 is methyl, and each Y, 1s a bond.

14. (Currently Amended) An-eleetrontc-oreleetrieal The device or component thereef according
to any-ef-elaimsSte7 claim 5, wherein Yy has the following formula:

Yag ¥y
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wherein Yst0o Y5 are each independently selected from H and optionally substituted branched

or straight chain C,-Cjs alkyl or alkenyl.

15. (Currently Amended)-An-electrenic-orelestrical The device or component thereef according

to claim 14, wherein Y3 is H or vinylene, and Y6, Y17 and Y5 are each H.

16. (Currently Amended) An-eleetrente-oreleetrieal The device or component thereef according
to any—preceding—elatm 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 (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).

17-30. (Cancelled)

Ex. 1028 - Favored - p. 182



Docket No. GBL0007/US
Page 7

31. (Currently Amended) An-eleetrente-ereleetrieal The device or component thereef according
to any-efelatms 244630 claim 1, wherein the compound of formula I(a) has the following

formula:

O

5 S crar
H

H

where n 1s from 2 to 10.

32. (Currently Amended) An-electrente-orelestrical The device or component thereef according
to any-of-elatms24t0-30 claim 1, wherein the compound of formula I(a) has the following

formula:

(@)
— oS (CF,),F
CH,

H

H

where n 1s from 2 to 10.

33. (Currently Amended) Asn-eleetronte-oreleetrieal 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
(PFAC10).

34, (Currently Amended) An-electronie-ereleetrical 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 (PFMACS).

35-91. (Cancelled)

Ex. 1028 - Favored - p. 184



Docket No. GBL0O007/US
Page 9

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 35 and provided to the USPTO 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.

Respectfully Submitted,

Date: June 15, 2018 By: /Paul J. Parins/

Paul J. Parins, Reg. No. 54,358
Customer Number 33072
Phone: 651-275-9831

Fax: 651-351-2954

#119892
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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 (PFACS8), 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 PFACS6 (1H,1H,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 VW/ul/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:

pA fo7
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where R1, Rz 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 Rs is selected from:
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where 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 n. 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 repeliant 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 AZ/d <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 AZ/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,
AZ/d = 0.15 means that the voids on the surface only extend down to 15% of the coating thickness. A
coating with a AZ/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 substantiaily 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 1m
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 20-100g 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® 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 anglies were measured on a VCA Optima contact angle
analyser, using 3 ul droplets of deionised water at room temperature.

Crosslinker

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:
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where Y1, Yz, Y3, Y4, Ys, Ys, Y7 and Ys are each independently selected from hydrogen, optionally
substituted cyclic, branched or straight chain C1-Cs alkyl or aryl; and L is a linker moiety.

Most preferably L has the following formula:

% ff“‘"Yg R

(i) kX o ¥

where each Ys is independently selected from, a bond, -O-, -O-C(O)-, —C(0)-O-, -Y11-O-C(O)-, -C(O)-

O-Y11-, -OY11-, and =Y 110-, where Y11 is an optionally substituted cyclic, branched or straight chain
C1-Cs alkylene; and
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Y10 is selected from optionally substituted cyclic, branched or straight chain Ci-Cs alkylene and a
siloxane containing group.

In one most preferred embodiment Y10 has the following formula:

R

g
N

WL
wiiind

N
3
L
<
N
N

¥

(iv)

wherein each Yi2 and Yis is independently selected from H, halo, optionally substituted cyclic,
branched or straight chain C1-Cs alkyl, or —OY14, where Y1 is selected from optionally substituted

branched or straight chain C1-Cs alkyl or alkenyl, and n is an integer from 1 to 10.

Optionally, each Y1z is H and each Yz is H, i.e. Yio,is a linear alkylene chain. For this embodiment Yo

is preferably a vinyl ester or vinyl ether group.
Optionally, each Y.z is fluoro and each Yis is fluoro, i.e. Yo is a linear perfluoroalkylene chain.
Typically, n is from 4 to 6.

In another embodiment Y10 has the following formula:
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wherein each Yis is independently selected from optionally substituted branched or straight chain Ci-
Cs alkyl.

In one embodiment each Yisis methyl, and each Yy is a bond.

In a further embodiment Y10 has the following formula:
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(i)

wherein Y16 to Yio are each independently selected from H and optionally substituted branched or
straight chain C1-Cs alkyl or alkenyl. A preferred alkenyl group is vinyl. Optionally Y1s is H or vinyl, and
Y1e, Y17 and Yie are each H. In one embodiment each of Yis to Yieis H. In another embodiment Yis is
vinyl, and Y1s, Y17 and Y19 are each H.

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

. &
5 [t} \;
%‘ ) \““C\‘" ., % - i 2l ﬂi\\\
; g T s P S
T e 3 B %, & 3
j:." \‘;:'s 3 \-\
% 3\ N, gy ]
- o % T
(vii) x G (viii) &

%)
i
i i
i 1
i R S
i PR A RN
e, e A7 ey &
W e TN ~ oy ES §
R e . o s
X e £
> - -

; % - W =

& & L L& L ¥ AR

3 Pt o " e & L o 2 o,

3 = N ﬂ"\-\; s F e R N - gi
(xi)

Fae " (xii)

%
ra
$
7
Y

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 Yo 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), Yo 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 Yz 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 alkeny! 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 Ys is O, each Yo is preferably a branched or straight chain C1- Cs alkylene, preferably a
straight chain alkylene, most preferably a Cs straight chain alkylene, i.e the crosslinking reagent is
1,4-butanediol divinyl ether

It will be understood that each Ys group can be combined with any other Yo 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 C+-Cs 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-Cs alkylene group may be a C4-Cs, C2-Cs, or Cs-Cs alkylene group.

Particularly preferred embodiments of the crosslinker have alkyl chains for Y10 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 (DVA),
1,4 Butanediol diviny! 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).

For the alkyne crosslinking reagents according to compound (i), L is preferably selected from a
branched or straight chain C4-Cs alkylene or an ether group. L may be a Cs, C4, Cs, or Cs 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

(BDVE)
1,4 Cyclohexanedimethanol NS
y o cH,
divinyl ether (CDDE)
o
HZCV
1,7 -Octadiene (170D) HZCW
CH,
1,2,4 -Trivinylcyclohexane AN
CH;
(TVCH)
HQC\ /CH2
1,3- CHs CHs
Divinyltetramethyldisiloxane ——Si—0—Si——
H,C | | CH,
(DVTMDS) CHs CHs
Diallyl 1,4-

cyclohexanedicarboxylate

{DCHD)
/CH2
1,6-Divinylperfluorohexane F F =
d F F
= _~CH
(DVPFH) HZCWKF\HFW >
F F F
1H,1H,6H,6H- o F F
F F
Perfluorohexanediol H2C§)J\O > > 0\[]/§(:‘_‘2
diacrylate (PFHDA) F o
GBDA o —~=CHM
O
HZC%\/ O/VCHZ
Hzc¢\/o
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Hoe—=— " > =——cH

1,6-heptadiyne —

—/\/——CH
1,7-heptadiyne HC—

Hcg\/ECH

1,8-heptadiyne —

Propargyl ether Hcg ECH

Table 1

Monomer Compound

The monomer compound has the following formula:

Hy Mz
\‘& _fg‘
M mnnmnnnanns
\‘:A\\\\\“\“\\\‘\g\.
RS
4 b
‘:3; ?{}

where Ri1, Rz 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 Rs is selected from:

R
% _.r"Jf '\:'\\4 o~ = ~‘K‘:’\i‘\\ N
%F_; Q L Ly éilg\ 5 L Xy
" B
N Ty or ~ » RES

where 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 n1 is an integer from 1
to 27. Preferably, n1is from 1 to 12. Optionally ni is from 4 to 12, optionally 6 to 8.

In a preferred embodiment Rs is selected from:
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. s g W e iy Y s
o N X RS 3 PO N
&% H N N
et s NN O VH 11X
Sy i 3 - i R A
N i 3 : i R ¢
it i H Y i R H
£t 3 % 3 N H
it i N y i R H
it i N N R H
R 3 H N N H
R i
it i H § R H
i NN . S R o
=N 3 H o e i R i SR
o - = S X " N N b
e - = ~. i
P =, P 5 s G } -~ 5 5 3
N 3 . 3 N N kS
5] i N €3 N R H
N H 3 N H
o3 B § R :
=y N o 3 A N %
S I §oes 1} o4
N A N 3 N &
3 § i
ol B RN
Y WiE vl Ly

or

where m1 is an integer from 0 to 13 and each X is independently selected from hydrogen, a halogen,
optionally substituted branched or straight chain C1-Ce 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 i(a):

I(a)
o — —
% 3 oy X g H
T - s
i £ i i
H N H
§ i
i i
P b % 1 N i S
e s § L 3 Lon $ {.\)\\3.

i i
i H H
H ] N H
: Pl
e e R N x & H

?%“\ § & I % 3

5] \‘; 5 Y8 Eha = b . Ly

wherein each of R1, Rz, R4, and Rs to R1o 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 0-10; b is from 2to 14; and cis Oor 1;

,or

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

I(b)
Be R Re 1
:
E i
N
[ g J H -
:
:
- o §
Hg By L Ry sy

wherein each of R1, Rz, R4, and Rs to R1o 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 0-10; b is from 2to 14; and cis Oor 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 0 to 10, preferably from O to 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, Rz, R4, and Rs to Riois independently selected from hydrogen or a C1-Cs 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, Rz, R4, and Rs to Riomay be haloalkyl, preferably fluoro
alkyl. Other possibie 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, Rz, 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, Rz, R4, and Rs to R1o is independently selected from hydrogen
or methyl.

In a preferred embodiment, a and c are each independently O or 1; and b is from 3 to 7.
In one preferred embodiment each X is H. In an altemative preferred embodiment each X is F.
Optionally R1 and Rz are both hydrogen.

Optionally R4 is hydrogen or methyl. Preferably R+ and Rz are both hydrogen and R4 is hydrogen or
methyl.

Optionally Rs is hydrogen and Rio is branched or straight chain C+-Cs alkyl group. In a preferred
embodiment R1o is methyl.

In one embodiment each of Rs to Rs is hydrogen.
In one embodiment each of R1, Rz, R4, and Rs to R1o 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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O
H
Kt
H H

where n is from 2 to 10.

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

O
— o/\/(CFZ)nF

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-perfluorooctyl acrylate (PFACS6), 1H,1H,2H,2H-perfluorodecyl acrylate (PFACS8) and
1H,1H,2H,2H-perfluorododecyl acrylate (PFAC10).

The monomer compound may be selected from 1H,1H,2H,2H-pefluorohexyl methacrylate (PFMAC4),
1H,1H,2H,2H-perfluorooctyl methacrylate (PFMAC6) and 1H,1H,2H,2H-perfluorodecyl methacrylate
(PFMACS).

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

L g N
i % T 3 — 3
H 3 # H S S i N
; BT £ § N o i
i i H N § i H
3 ) K N H S 3
2 3
k R H N 3 i 3
; il i N i i i
; N H 3 i ¥ H
E HH H i H -
A hay i 3 ik 3 2N 3 % S
BN P o B L % Bur R A S 2
- AR e et H N i i H
M RN o H N i H
¥ & H N i i
N H N i H
i = i i 3
N LI bt
i H H ?“2,1 3.4 # 1.4 Chy
N 3 oad g RS K
i R Bl £ 8

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.

The monomer ccompound of formula I(a) may have the following formula:
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O
- o/\/(CHZ)nH

H
CH,

where nis 2to 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:

2+

&
s

e O

where n is from 4 to 14.

The monomer may have the following formula:

¥ o B

. g '

-\’f\ S }fs ‘S\‘u. e .
 anasnnainn I 3 ~
e (SN Dy

& ;

& X,

H i
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, Rz 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 Rs is selected from:

b3 a 5
S
- NS H
R o Nye 5 Y o o~
% & GXy T L Gy
S N \:\"‘ ~ “‘" Sl §
AN H
< X qn 3 - X Jd T %
or

where each X is independently selected from hydrogen, 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 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 800VWV. 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 pus, preferably 35-45 us, or 30-40 ps, such as about 36
us 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 pus, 40 us, 45 ys. 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
2Wl/litre, preferably 20Wlitre.

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 preferabiy 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)% , 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 angie.

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 CVV 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 10x10 um? 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 2x2um? 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 Az/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 polymensed 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 (DVA)

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

DI- or TRI- VINYLS: 1,7-Octadiene (1,7-OD); 1,2,4-Trivinylcyclohexane (TVCH);

DI VINYL with alkyl fluoro group: 1,6-divinyiperfluorohexane (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: 1H1H,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 50V followed by 10 - 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
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 crosslinkers on
the electrical resistance per nm of the barrier coatings. Figure 5 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 (DVA) 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)% DVA crosslinker is shown in Figure 4. it was also noted that for the 10 (v/v)
% DVA 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) % DVA 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 (DVA) was
carried out in a 125 litre chamber. Figure 4 shows the effect of adding different liquid volume
percentages of DVA 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% DVA. 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 (WW/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 Az/d = 0.05. As the Az/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% DVA as described in example 4. The deposition process consisted of a 1 minute CWV step
with a CW power to flow ratio of 3.9 (\W/microliter/min), and a pulsed step with a PV power/monomer
flow ratio of 0.28 (V/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 CFs and C=0O groups,
CF3/C=0, 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 PFACG.

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=0
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=0 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=0O 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=0). If the FTIR/ATR intensity ratio of the peaks
attributed to -CFs stretching and C=O stretching, CF3/C=0, is less than 0.6e%'" (where n=6 for
PFACS) the resistance of the coating at the electrical test is expected to be higher than 8MOhms.

The peak intensity ratio CFs/C=0 the coating thickness and the final current readings during the
electrical test are shown in table 2:

Resistance in | CF;3/C=0
Thickness water at 8V
ATR peak intensity

(nm) (Ohms) ratio
PFACS6 1480 2.1x107 0.23
PFACS and
10%DVA
(in volume)

1450 9.2x10° 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:

Hy e
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<

where Ri1, Rz 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 Rs is selected from:
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where 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 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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where Y1, Y2, Y3, Y4, Ys, Ys, Y7 and Ys are each independently selected from hydrogen, optionally
substituted cyclic, branched or straight chain C+-Cs 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:
Yy, e
._éz\: e e v ‘,{\"’ ‘\\? &

each Yo is independently selected from, a bond, -O-, -O-C(O)-, —C(0)-O-, -Y11-O-C(O)-, -C(0)-O-Y11-,
-OY11-, and —Y110O-, where Y11 is an optionally substituted cyclic, branched or straight chain C1-Cs
alkylene; and

Yo is selected from optionally substituted cyclic, branched or straight chain C¢-Cs 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:
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7. An electronic or electrical device or component thereof according to claim 5, wherein for
compound (i) L has one of the following structures:
" 33? - T e 'f;-"?‘ G --; D e
w“.’g‘ * x"\::.;»“sn \'\\4.,» ol \\»-., - \'»SS’
o E)
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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i
G § 5o
N

Pt

n

wherein each Y12 and Yis 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-Cs alkyl or alkenyl, and n is an integer from 1 to 10.

9.

10.

11.

12.

13.

14.

An electronic or electrical device or component thereof according to claim 8, wherein each Y2
is H and each Yis is H.

An electronic or electrical device or component thereof according to claim 8, wherein each Y12
is fluoro and each Yis is fluoro.

An electronic or electrical device or component thereof according to any of claims 8 to 10,
wherein n is from 4 to 6.

An electronic or electrical device or component thereof according to any of claims 5 to 7,
wherein Y10 has the following formula:

Y ¥is
{
2 2 3
o
$ i 35 5 <
» N )
i N
H 3
< 3
¥4 KRy

\Wherein each Yis is independently selected from optionally substituted branched or straight
chain C1-Cs alkyl.

An electronic or electrical device or component thereof according to claim 12, wherein each Yis
is methyl, and each Yg is a bond.

An electronic or electrical device or component thereof according to any of claims 5 to 7,
wherein Y10 has the following formula:

&.’v 11\ § s
5, &
A &
X &
—
3§ %
%
5 s %
, 3
$ : b
', &
* £
% &
“y_)-A—;-.-.-,-.-A-.-A—.-. ------- £
& N,
& N,
’ 5
Yo Yia

wherein Yis to Y19 are each independently selected from H and optionally substituted branched or
straight chain C1-Cs alkyl or alkenyl.
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18.
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An electronic or electrical device or component thereof according to claim 14, wherein Y1s is H
or vinylene, and Yis, Y17 and Y19 are each H.
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 giyoxal bis (diallyl acetal) ( GBDA).

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-Cs alkylene or an ether group.
An electronic or electrical device or component thereof according to any preceding claim

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

I(a)
Q {:ﬁ e Rv E\'\G _§ ‘\
i } & ¥ g
i
\ §
: -
S B 3 (: ! ’:\
.
e Sl e i
i K 3 $ i
R

wherein each of R1, Rz, R4, and Rs to R1o 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 0-10; b is from 2to 14; and cis 0or 1;

, or

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

I(b)
Ry O Ry  Hy By O
A \i\\ 3 g N
o N i
R svansd Fi £ o ¥
y\& : \\.\X. }-.- H L e m\.}'\‘,
NN R
RN P
A% {_jf % i
& B Ry R TXal
£ i o L
__3.
R
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wherein each of R1, Rz, R4, and Rs to R1o 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 0-10; b is from 2to 14; and cis Oor 1.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

An electronic or electrical device or component thereof according to claim 18, wherein the
halogen is fluorine.

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

wherein each of R1, Rz, R4, and Rs to R1o 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.

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

R1, Rz, R4, and Rs to R1o is independently selected from hydrogen or methyl.

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

wherein a and c are each independently 0 or 1; and b is from 3 to 7.

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

wherein each X is H.

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

wherein each X is F.

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

wherein R+ and Rz are both hydrogen.

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

wherein R4 is hydrogen or methyl.

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

wherein Rg is hydrogen and Rio is branched or straight chain C1-Cs alkyl group.

An electronic or electrical device or component thereof according to claim 27, wherein Rqo is

methyl.

An electronic or electrical device or component thereof according to any of claims 18 to 28,
wherein each of Rs to Rs is hydrogen.

An electronic or electrical device or component thereof according to any of claims 18 to 29
wherein each of each of R4, Rz, R4, and Rs to R4 is hydrogen, each X is H, a=0 and ¢=0.

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

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

O
H
>:(U\O/\/(CF2)nF
H H

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 i(a) has the following formuia:

O
— o/\/(CFZ)nF

CH,

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 I(a) is selected from 1H,1H,2H,2H-perfluorohexyl acrylate (PFAC4),
1H,1H,2H,2H-perfluorooctyl acrylate (PFACS6), 1H,1H,2H,2H-perfluorodecyl acrylate (PFACS8)
and 1H,1H,2H,2H-perfluorododecyl acrylate (PFAC10).

34. An electronic or electrical device or component thereof according to claim 32, wherein the
compound of formula 1(a) is selected from 1H,1H,2H,2H-pefluorohexyl methacrylate (PFMAC4),
1H,1H,2H,2H-perfluorooctyl methacrylate (PFMAC6) and 1H,1H,2H,2H-perfluorodecyl
methacrylate (PFMACS).

35. An electronic or electrical device or component thereof according to any of claims 18 to 23,
wherein the compound of formula i(a) has the following formula:

~ - ;
H <3 Mo T H
R 3 N 3 i
k R 3 X 3 i
3 33 3 ey 3 ey o
T W S S S LR R
- NRN e N H § I
e N o -~ H s i i
E“.E Y C& 3 N 3 H
i 3 { Vi
S bys
¥ R 3
§ ;s H €
.
4

wherein a and ¢ are 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 I(a) has the following formula:

O
— o/\/(CHZ)nH

CH,
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28

where nis 2to 12.

An electronic or electrical device or component thereof according to claim 35 or claim 36,
wherein the compound of formula 1(a) is selected from ethyl hexyl acrylate, hexyl acrylate, decyl
acrylate, lauryl dodecyl acrylate and iso decyl acrylate.

An electronic or electrical device or component thereof according to any of claims 18 to 23,
wherein the monomer is a compound of formula I(b) and has the following formula:

w‘.;;:}
e
&7
Ry O—
s, & 5
{“\ S 5
B S Z . o e
TR PO O
& X
£ kS

where n is from 4 to 14, optionally where Ry, R2 and Rz are each H.

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.

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 Ri1, Rz 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 Rs is selected from:

b
F \\:\ H
s X ~
£ N o : (,:‘ ? CX 3
et H
At 8
&
. S Jrg 8 K iy

or

where each X is independently selected from hydrogen, optionally substituted branched or straight
chain C1-Cs alkyl, halo alkyl or aryl optionally substituted by halo; and n; 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:
;\f | ‘E"::i
\\\\,\ ;;g
_.\‘“‘“ o SRR,
2 X
& kN
. Yo g — g s a
0) Y3 ] (i) ¥y —— ——— T8

where Y1, Yz, Y3, Ya, Ys, Ys, Y7 and Ys are each independently selected from hydrogen, optionally

substituted cyclic, branched or straight chain C+-Cs 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:

<

R ]

'1{);,«" o Y:«“ e
each Yo is independently selected from, a bond, -O-, -O-C(O)-, —C(0)-0O-, -Y11-O-C(O)-, -C(O)-O-Y11-,
-OY11-, and —-Y11O-, where Y11 is an optionally substituted cyclic, branched or straight chain C1-Cs
alkylene; and

Y10 is selected from optionally substituted cyclic, branched or straight chain C+-Cs alkylene and a
siloxane group.

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

< & 5
3 7 RSy
S N S RS :
X . Y i 3 k.
\ S ST SR 5 A )_mé
7 % ,v_» = ,sv— < 5\\\\\\\\\\\\\'\ ‘\!‘ &
‘} £ “g.\\.\ < ‘,\% ) ; P,
£ { % Nam N
< N PR T, SESVRSEN o
L e 3 &
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[
5 XY
" o o 1\
R i i3
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44. A method according to claim 42, wherein for compound (i) L has one of the following structures:

O R Yaa Lol

45.  An method according to any of claims 42 to 44, wherein Y10 has the following formula:

N S

»x

AL
i

wherein each Y1z and Yis 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-Cs 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 Y1z is H.

47. A method according to claim 45, wherein each Y12 is fluoro and each Y1 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:

¥ s
pRey 1
N
)3 3 ¥
o o
5 Si & s S %
4 § %
N
N
i N
i N
¥ s ¥
5 15

Wherein each Yis is independently selected from optionally substituted branched or straight
chain C1-Cs alkyl.

50. A method according to claim 49, wherein each Yisis methyl, and each Ys 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 Yis t0 Y19 are each independently selected from H and optionally substituted branched or

straight chain C+-Cs alkyl or alkenyl.

52.

53.

54.

55,
I(a):

An method according to claim 51, wherein Yis is vinylene or H, and Yis, Y17 and Y49 are each
H.
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).

A method according to claim 41, wherein for compound (ii), L is selected from a branched or
straight chain C1-Cs alkylene or an ether group.
A method according to any of claims 40 to 54 wherein the monomer is a compound of formula

I(a)

OXy

by
2
| st
;
F
N2
i
e
2 1
by
: J
Ty ST TR
7
R, |
K “,

Zk
o
b

bbb
7
B4 )
3
& iisaiis, .‘;"""‘«4««««
(2

4 S

23
/

b

wherein each of R1, Rz, R4, and Rs to R1o 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 0-10; b is from 2to 14; and cis 0 or 1;

or

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

I(b)
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H«\' . 3 }\‘b H k3 Bf‘ N
& A3, 3
XN
5 i \K:\ z 3
Ryl c - o

%S &
X\E\ ;"" i } §

N ;2{ + i -

wherein each of R1, Rz, R4, and Rs to R1o 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 0-10; b is from 2to 14; and cis 0O or 1.

56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

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

A method according to claim 55 or claim 56, wherein each of R1, Rz, R4, and Rs to R1o 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.

A method according to claim 57, wherein each of R1, Rz, R4, and Rs to R1o is independently

selected from hydrogen or methyl.

A method according to any of claims 55 to 58, wherein a and ¢ are each independently 0 or 1;

and bis from3to 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 R4 is hydrogen or methyl.

A method according to any of claims 41 to 63, wherein Rg is hydrogen and R1o is branched or

straight chain C1-Cs alkyl group.

A method according to claim 64, wherein R1o is methyl.

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

A method according to any of claims 41 to 66 wherein each of each of R1, Rz, R4, and Rs to R1o
is hydrogen, each X is H, a=0 and c=0.

A method according to any of claims 61 to 67, wherein the compound of formula 1(a) has the
following formula:

O
H
— Fonerar
H H

where n is from 2 to 10.

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

following formula:
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O
- o/\/(CFZ)nF

H
CH,

where n is from 2 to 10.

70. A method according to claim 68, wherein the compound of formula I(a) is selected from
1H,1H,2H,2H-perfluorohexyl acrylate (PFAC4), 1H,1H,2H,2H-perfluorooctyl acrylate (PFACBH),
1H,1H,2H,2H-perfluorodecyl acrylate (PFAC8) and 1H,1H,2H,2H-perfluorododecyl acrylate
(PFAC10).

71. A method according to claim 69, wherein the compound of formula I(a) is selected from
1H,1H,2H,2H-pefluorohexyl methacrylate (PFMAC4), 1H,1H,2H,2H-perfluorooctyl methacrylate
(PFMACS) and 1H,1H,2H,2H-perfluorodecyl methacrylate (PFMACS).

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

: S e |
0 HoH T T H
H N 3 H
{ N 3 H
i § i
M oot & 3 AR e Ty “““‘T"’\.éﬁ';g
s N""\. g T \ i i
0 H P i
3 N i H i
5 34 S i X i N
HoooH L R SN 5 By

P
B

wherein a and ¢ 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 1(a) has the
following formula:

O
— o/\/(CHz)nH
CH,

where nis 2to 12.
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75.

76.

77.

78.

79.

80.

81.

82.

83.

34

A method according to claim 72 or claim 73, wherein the compound of formula 1(a) is selected
from ethyl hexyl acrylate, hexyl acrylate, decyl acrylate, lauryl dodecyl acrylate and iso decyl
acrylate.

A method according to any of claims 41 to 60, wherein the monomer is a compound of formula
I(b) and has the following formula:

e
j’\:}
S

& é)
#

E:’.Efg' {3—'{{
e & S
% & \\
% annanmnnaren: AN ~
S (ORI~ Oy
¥ \{l‘-
& N

£ &

where n is from 4 to 14.

A method according to claim 75 wherein the monomer is a compound of formula I(b) and has
the following formula:

(]
o
&
HA o—4
\. & RS
% e BN . o
J}\m\\“\“\“{\ N e P &
-‘;" \4,
H H

where n is from 4 to 14.

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 puised field.

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

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.

A method according to any of claims 77 to 79 wherein the voltage is pulsed in a sequence
where power is on for 20-50pus, and off for from 1000ps to 30000us.

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.

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

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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85.

86.

87.

88.

89.

90.

91.

35

A method according to claim 83, wherein the preliminary step is conducted in the presence of
an inert gas.

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.

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/m?3.

A method according to any of claims 40 to 86, wherein the monomer compound is miscible with
the crosslinking reagent.

A method according to any of claims 40 to 86, wherein the monomer compound is immiscible
with the crosslinking reagent.

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.

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.

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 polymernc
coating on a surface thereof,

wherein the monomer compound has the following formula:

“,

R s
x\“\\\“\“\“{

o,

where R1, Rz 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 Rs is selected from:

o s B : e
: CK\; BN L “? CXy

RIS or - o TR
where 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 ni 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.
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First Named Inventor/Applicant Name: Stephen Richard COULSON
Customer Number: 33072
Filer: Paul John Parins/Sonja Talley
Filer Authorized By: Paul John Parins
Attorney Docket Number: GBL0007/US
Receipt Date: 15-JUN-2018
Filing Date: 08-DEC-2017
Time Stamp: 15:25:26

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 $200

RAM confirmation Number

061818INTEFSW15261300

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 .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
104817
Applicant Response to Pre-Exam 2018-06-15-
1 PP pC . GBLO0O7US_Response_to_Noti no 2
Formalities Notice .
ce_of_lnnsufﬂoency.pdf dd5a3e5142000676238de0630b0dad3695a
92e%ee
Warnings:
Information:
217014
2018-06-15-
2 GBLO007US_Preliminary_Amen yes 10
dment_pdf 8754c0913495099afe3326be0b93545b78
83330
Multipart Description/PDF files in .zip description
Document Description Start End
Preliminary Amendment 1 1
Claims 2 8
Applicant Arguments/Remarks Made in an Amendment 9 10
Warnings:
Information:
1601808
Other Reference-Patent/App/Search PCT_GB2016_051688_As_Filed
3 no 42
documents pdf
580269b42951d2147958ac6f7f695c¢98d 19
51127
Warnings:
Information:
30573
4 Fee Worksheet (SB06) fee-info.pdf no 2
63f6887f3ce37e3247d3a6e70d7b0e44600
7731
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 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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
In The United States Patent And Trademark Office

Inventor: Stephen Richard COULSON Examiner: To Be Assigned
Serial No. 15/735,130 Group Art Unit: 1762

International Filing Date: June 8, 2016 Confirmation No. 7101

International App. No. PCT/GB2016/051688 Docket No. GBL0007/US

371(c): December 8, 2017

For: COATINGS

Commuissioner for Patents BEIHSICE}RET;”I:[IE\JIST%ﬁ?éqégﬁbi?\?’;iNf’i:iEs
P.0O. Box 1450 PATENT AND TRADEMARK OFFICE VIA THE OFFICE'S EFS-WER

Alexandria, Virginia 22313-1450

Sconja A. Talley/
SONJA A. TALLEY

RESPONSE TO NOTIFICATION OF INSUFFICIENCY UNDER 37 CFR 1.492 and/or
1.495 (DO/EQ/US)
Dear Sir or Madam:

This communication 1s responsive to the Notification of Insufficiency under 37 CFR
1.492 and/or 1.495 (DO/EOQ/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.

Respectfully Submitted,

Date: June 15, 2018 By: /Paul J. Parins/

Paul J. Parins, Reg. No. 54,358
Customer Number 33072
Phone: 651-275-9831

Fax: 651-351-2954

#119890
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.Uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/735,130 12/08/2017 Stephen Richard COULSON GBLO0007/US
CONFIRMATION NO. 7101
33072 PUBLICATION NOTICE
KAGAN BINDER, PLLC
SUITE 200, MAPLE ISLAND BUILDING IO I
000000100456356

221 MAIN STREET NORTH
STILLWATER, MN 55082

Title:COATINGS

Publication No.US-2018-0171171-A1
Publication Date:06/21/2018

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 | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 GFR 1.16(a), (0}, o (<)) N/A N/A N/A N/A 300
SEARCH FEE
(37 GFR 1.18(K). 6, or (m) N/A N/A N/A N/A 520
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A N/A 760
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 18 minus 20= OR |« 100 - 0.00
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 1 minus 3 = x 460 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1580
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
| Total . i = =
s (37 CFg ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CFg ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |«x =
L (37 CFR 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.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f 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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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.Uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
15/735,130 12/08/2017 1762 1620 GBL0007/US 18 1
CONFIRMATION NO. 7101
33072 UPDATED FILING RECEIPT
KAGAN BINDER, PLLC
SUITE 200, MAPLE ISLAND BUILDING KOO AT AR AR

221 MAIN STREET NORTH
STILLWATER, MN 55082

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

Inventor(s)
Stephen Richard COULSON, Abingdon, UNITED KINGDOM,;
Delwyn EVANS, Abingdon, UNITED KINGDOM,;
Angeliki SIOKOU, Abingdon, UNITED KINGDOM,;
Clive TELFORD, Abingdon, UNITED KINGDOM;
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.

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 AlA (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 USPTO 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-HALT (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).

SelectUSA

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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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.Uspto.gov

| T.S. APPLICATION NUMBER NO. FIRST NAMED INVENTOR ATTY. DOCKET NO.
15/735,130 Stephen Richard COULSON GBL0007/US

33072 | INTERNATIONAL APPLICATION NO. |

KAGAN BINDER, PLLC PCT/GB2016/051688

SUITE 200, MAPLE ISLAND BUILDING LA. FILING DATE PRIORITY DATE

221 MAIN STREET NORTH 06/08/2016 06/09/2015

STILLWATER, MN 55082
CONFIRMATION NO. 7101

371 ACCEPTANCE LETTER

O

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

FORM PCT/DO/EO/903 (371 Acceptance Notice)
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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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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWwWw.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
15/735,130 12/08/2017 Stephen Richard COULSON GBLO0007/US 7101
33072 7590 10/18/2018 | EXAMINER |
KAGAN BINDER, PLLC
SUITE 200, MAPLE ISLAND BUILDING BUIE-HATCHER, NICOLE M
221 MAIN STREET NORTH
STILLWATER, MN 55082 | 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. Applicant(s)

15/735,130 COULSON et al.
Office Action .S‘ummary Examiner Art Unit AlA Status
NICOLE M BUIE-HATCHER 1767 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice 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.
0J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a){ ] This action is FINAL. 2b) ¥l This action is non-final.

3)J 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)(] 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 £x parte Quayte, 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) (3 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) [ 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

10)v The specification is objected to by the Examiner.

11)(v} The drawing(s) filed on 06/15/2018 is/are: a)(_} accepted or b)(v} 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)[v} Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a) All b)(J Some** ¢)(J None of the:
1.J 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) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date

2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) [ Other:

Paper No(s)/Mail Date 20171208,

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20181012
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Application/Control Number: 15/735,130 Page 2
Art Unit: 1767

DETAILED ACTION

Notice of Pre-AIA or AIA Status
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 1.121(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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appropriate figure must be removed from the replacement sheet, and where necessary, the
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 1.121(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-
AlIA), 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-AlA 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

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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3. Resolving the level of ordinary skill in the pertinent art.

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 A1, referred to hereinafter as WO “122) in view of
Coulson (US 2010/0203347 A1, 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 (I1V):

{eH

where R’ is includes H or C; alkyl, and in particular H and x is an integer of from 1 to 9
(P12/L.14-22).
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:

X

s
b

3 i:'s\'m
i
R " L «,:';: . e
K%‘/",A\\{}.- \T \r\, %
3
N
N
R &

wherein each R!* and R'? is independently selected from hydrogen, alkyl or haloalkyl [0032,

0035]. One of the crosslinking reagents is of the following formula:

B
]

A

= 5» g Ny >
%‘af \“‘,‘»“ o \\F/%
! i
i H
h O

o

Uiy

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 347), 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 Y'°, 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) whereinn is 1 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 if rewritten 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 Y'° meets the formula as recited in claim 12, wherein

each Y'° is methyl and each Y? is a bond, or Y'®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 A1) teaches low pressure plasma processes.
Petersen et al. (US 2014/0342103 A1) teaches atmospheric plasma polymerization.

Badyal et al. (EP 1557489 A1) teaches surface coatings.
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Legein (US 8,852,693 B2) teaches a coated electronic device.

Sanyal et al. (US 2010/0021998 A1) teaches plasma polymerization.

Rauschnabel et al. (US 6,613,393 B1) 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 A1) 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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Expiore substances by iD: dimethyipolysiloxane diacrylate (iD 1)

No answers
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Explore substances by iD: diacrylate dimethyipolysiloxane (ID 2}

No answeris
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Expilore references by patent: { ID 3)

Patent Number: us20180171171
Answer Type: References
Result Count: 1

Retrieve substance information in 1 reference {ID 4)
From ID: 3
Answer Type: Substances
Result Count: 17
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Expilore substances by property: (iD 9)

Property: Experimental -~ Boiling Point, >500
Answer Type: Substances
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Answer Type: References
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Refine by research topic {iD 13)
Research Topic: crosslinked polymer
From iD: 12
Answer Type: References
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Copyright @ 2018 American Chemical Society. All Rights Reserved.

Copyright © 1984-2018 Sun Microsystemns,ine. All Righis Reserved. (Java runtime environment)

Copyright @ 2018, Yahoo! Inc, All Rights Reserved. (YUl Base, Fonts, Reset G338}

Copyright @ 200-2018, The Dojo Foundation. All Rights Reserved
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Copyright @ 2002 infoChem CmbH. All Rights Reserved. (infoChem's reaction classification program CLASSIFY}

deal in the Software without restriction, including without [imitation the rights to use, copy, modify, merge, publish, distribute, sublicense, and/or seil copies of the Seftware, and to permit persens to whorn

the Sofhware is furnished {o do 30, subject to the foilowing conditions: The above copyright notice and this permission notice shall be included in ail copies or substantial portions of the Software. THE

SOFTWARE I8 PROVIDED 'AS (&', WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, INCLUGING BUT NOT LIMITED TO THE WARRANTI

OF MERCHANTABILITY, FITNESS FOR

A PARTICULAR PURPOSGE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR SOPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,

WHETHER IN AN ACTICN OF CONTRACT, TORT OR CTHERWISE, ARISING FROM, GUT OF CR IN CONNECTION WiTH THE SOFTWARE OR THE USE OR OTHER DEALINGES IN THE

SOFTWARE.

The feliowing copyright notice appiies te Google Closure Templstes only:Copyright 2009 Goegle Inc.Licensed under the Apache License, Version 2.0 (the ‘License’}; you masy not use this file except in
compliance with the License. You may oblain a copy of the Lisense athttpi/www.apache.om/licenses/LICENSE-2.0Uniess required by applicable law or agreed to in writing, software distributed under

the License is distributed on an 'AS IS' BASIS, WITHOUT WARRANTIES OR CONDITICNES OF ANY KIND, either express ar implied. See the License for the specific languags gaverning permissions

and limitstions under the License.

Copyright (€} 2010, 2012 Adobe Systerns Incorporated, All Rights Reserved, (Source Sans Projlicensed under the SiL. Open Font License, Version 1.1 (available st: http:i/scrigts.silLomg/CFL)

Copyright 2005-2013 The Dojo Foundation (Dojo TeolkiLicensed under the Apache License, Version 2.6 {the "Licensa™); you may not use this file except in compliance with the License. You may
optain a copy of the License at:http/iwww.apache.org/iicenses/LICENSE-2.0Uniess required by appiicable law or agreed 1 in writing, software distributed under the License is distributed on an "AS 18"

BASIS, WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, sither express or implied.See the License for the specific language governing permissions and limitations under the License.

Copyright (¢} 2008 Dmitry Baranovskiy (Raphaeilicensed under the MIT License {available at: http//opensource.orgdicenses/MITYPermission is hereby granted, free of chs

e, to any person obtaining

a copy of this software and associated documentation files (the "Softwara™, to deal in the Software without restriction, inciuding without limitation the rights to use, copy, modify, merge, publish,
districute, sublicense, and/or seli copies of the Software, and to permit persons to whoim the Software is furnished to do so, subject to the following conditions: The above copyright notice and this
permission notice shall be included in sl copies or substantial portions of the Software THE SOFTWARE IS PROVIDED "AS (&", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,

INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FCR A PARTICULAR PURPGSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR

COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR GTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, CUT OF OR
CONNECTION WITH THE SOFTWARE CR THE LSE OR OTHER DEALINGS IN THE SOFTWARE.

CApius M. Copyright © 2018 American Chemical Society. All Rights Raserved. (The U.K. patent material in this product/service is UK. Crown copyright and is made available with permission.
Copyright © Crown Copyright. The French (FR) patent material in this product/service is made availabie from Institut National de ia Propriete industrieile (NP1}
CAS REGISTRY S¥: Copyright @ 2018 American Chemical Society. Ali Rights Reserved. (Some resords contain informastion from GenBank @ . See aiso: Bensen D A | Karsch-Mizarschi 1., Lipman

DJ., Cstel J., Rapp B.A., Wheeler DL, Genbank. Nuch. Acids Res. 28(1):15-18 (2000). Property vaiues tagged with IC gre from the 2IC/VINITI data file provided by InfoChem.) CAS Registry is a service

mark of the American Chemical Society. GenBarnk is a registered trademark of the U.S. Library of Medisine.

CASREACT & : Copyright © 2018 American Chemical Society. All Rights Reserved. CASREACT contains reactions from CAS and from: ZIC/VINITI database (1974-199%) provided by infoChem: INPI
data prior o 1938; Biotransformations database compiled under the direciion of Professor Dr. ilaus Kieslich; organic reactions, portions copyright 1898-20038 Johin Wiley & Sons, Ltd., John Wilsy and

Sons, Inc., Omganic Reactions inc., and Organic Synthesas Inc. Reproduced under License. Al Rights Reserved.

CHEMCATS ® : Copyright © 2018 American Chemical Society. All Rights Rescrved. Chemical supplier information is supplied on an "as is” basis. Full information regarding substance availability,

price, etc., is provided when you request supplier information
CHEMLIST ® : Copyright @ 2018 American Chemical Society. Ali Rights Reserved.

MEDLINE @ :is produced by the U.S. Nationai Library of Medicine. MEDLINE is a registered trademark of the U.8. National Library of Medicine.
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NON-PATENT LITERATURE DOCUMENTS
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite o . . :
ok (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), Ts
Initials No . : .
publisher, city and/or country where published.
/M.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 /NICOLE M. BUIE-HATCHER/ 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 | Stephen Richard COULSON

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Art Unit
Examiner Name
Attorney Docket Number GBLOCOT/US

1 Bee Kind Codes of USPTO Patent Documents at www USPTOL0OV of MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard §7.3). ? 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 $T.16 if possible.  Applicant is to place a check mark here if
Englisti language transiation is aftached.
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SciFinder® Page 1
Session Began October 12, 2018 at 0512 PM

Task Began October 12, 2018 05:13 PM

Expiore references by patent: { ID 1)

Patent Number: us20180171171
Answer Typﬂ" References
Result Count 1

Detailed display
From 1D: 1
Type: hydrophobic coaling for protection of an electronic or electric device

Retrieve substance information in 1 reference (ID 2)

From iD: 0
Answer Type: Substances
Resuit Count: 17
Retrieve reference information in 17 substances (iD 3)
From ID: 2
Answer Typﬂ" References
Result Count 755

Refine by research topic {iD 4}

Research Topic: plasma
From ID: 3

Answer Type: References
Resuit Count: 42

Prepared 6 reference answers from Answer set 4 for printing in PDF form

Task Began October 12, 2018 05:21 PM
Expiore substances by SIMILARITY_2D _EXACT

F F F F F F
b & % #‘“ % c'f
\ X\ F \ ¢ .g
S S \ £ \f '
= "‘R\\ \:“”;}1’%\ __.‘@"‘A" * 1\‘\-\ \.:"f‘w‘\\’\ " & M e A\-‘:\\K
e TN e TN S ST TN
5 Y Y -
N A d N
P P £
& H % 4
F F F F F : o
Candidates: g

Candidates Selected {iD 6)
99 (most similar)

Answer Typn' Substances
Result Count 1802
Retrieve reference information in 1,802 substances (ID 7}
From iD: &
Answer Type: References
Result Count: 755
Refine by research topic {(iD 8)
Research Topic: plasma polymerization
From 1D: 7
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SciFinder® Page 2
Answer Typs: FReferences
Resuit Count: 17

Refine Answer set by structure (i3 9)

Structure: exact
From iD: 6
F F F F F F
& % 3, P
NS S %
< b . &
hY (.;"3 \ f(f N i“g
:x\ «:x\ o, N O A
Y N gl N
e LAY F Y
{"} Y (f by EEAN
¢ \ { A o %,
" . ‘
F F F F F o
Limiters:
Polymers
Answer Type: Substances
Result Count: 1800

Retrieve reference information in 1,800 substances {iD 18}

From iD: 9
Answer Type: References
Result Count: 37

Prepared 9 reference answers from Answer set 10 for printing in PDF form

Task Began Gciober 12, 2018 06:02 PM

Explore references by research topic: plasma polymerization of fluorcacrylates
Research Topic: plasma polymerization of fluoroacrylates
Resuit Count: 3

Candidates Selected (iD 11)

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 fluoroacrylates crossilinked coating
Research Topic: plasma fluoroacrylates crosslinked coating
Resuit Count: 4

Candidates Selecied (iD 12)

1150 references were found conlaining the concept "crossiinked coating”, and
either the concept "plasma” or the 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}

Answer Type: References

Result Count: 1127

Prepared 1 reference answer from Answer set 12 for printing in PDF form

Copyright © 2018 American Chemical Society. All Rights Reserved,
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SciFinder® Page 3

Copyright @ 1984-2018 Sun Microsystems,inc. All Righis Reserved. {Java runtime envirenment)
Copyright @ 2018, Yshoo! Inc. All Rights Reserved. (YU{ Base, Fonts, Reset C33)

Copyright © 200-2(18, The Dojo Foundstion. All Rights Reserved

Copyright @ 2018, Exadel, Inc. All Rights Reserved. (JBoss RichFaces)

Copyright @ 2002 infeChem GmiH. All Rights Reserved. (infaChem's reaction olas

ification program CLASSIFY)

The foliowing copyright notice appiies to Raphaei oniy:Permission is hereby granted, free of charge, to any person obtaining a copy of this sofiware and assosciated documentation files {the 'Software’}, o
deal in the Seitwasre without restriction, including without [imitstion the righis to use, copy, modify, merge, publish, distribute, sublicense, sndior sell copies of the Software, snd 1o permit persens 1o whem
the Software is furnished to do 56, subject to the following conditions: The abave copyright notice and this permission notice shall be included in all copies or substantial portians of the Software THE

SOFTWARE 15 PROVIDED 'AS 1S, WITHCUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR

A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NG EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,

WHETHER (N AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WiTH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.

The foliowing copyright netice applies to Google Closure Templates anly:Copyright 2008 Gaogie Inc.Licensed under the Apache License, Version 2.0 (the ‘License’); you may not use this file except in
compliance with the License. You may obtain a copy of the License athttp:/fwww.apache.org/licenses/LICENSE-2.0Uniess required by applicable law or agreed to in writing, sefiware distributed under
the License is distributed on an 'AS i3’ BASIS, WITHOUT WARRANTIES OR CONDRITIONS GF ANY KIND, cither express or implied. 3cee the License for the spedific language governing permissions

and limitations under the License.

Copyright (¢} 2010, 2012 Adobe Systems {ncerporated, All Rights Reserved, (Source Sans Pro)

wsed under the Sil Open Font License, Version 1.1 (available at: hitp//scrigts.sil.org/OFL)

Copyright 2005-2013 The Daojo Foundation (Dojo Tookitilicensed under the Apache License, Version 2.0 (ihe "License™}; vou may not use this file except in compliance with the License. You msy
obtain @ copy of the License at:hilp/ivww.apache.org/licenses/LICENSE-2.0Untess required by applicabic law or agreed 1o in writing, software distributed under the License is distributed on an "AS {37
BASIS, WITHOUT WARRANTIES OR CONDITICNS OF ANY KIND, either express or implied.Ses the License for the specific ianguage governing permissions and limitations under the License.

sopyright (¢} 2003 Dmitry Baranovskiy {(Raphaellicensed under the WIT License {available ai: nttp:fopensource.orghicenses/MITiPermission is hereby granted, free of charge, to any person obtzining
Capyrignt (¢} 2008 Dmitry 8 y (Raphaeil the 8T L {available ai: hitp:// gl MITHR tersby ted, f f charge, to any bt s}

a copy of this software and associated documentation files {(the "Software”), to deal in the Software without restriction, including without limitation the rights to use, copy, modily, merge, publish,

distribute, sublicense, and/or sell copies of the Software, and to permit persons to whom the Software is furnished to do so, subject to the following conditions: The above copyright notice and this

E SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EX

permission notice shall be included in all copies or substantial portions of the Software. 58 OR IMPLIED,

INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR

COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION CF CONTRACT, TORT CR OTHERWISE, ARISING FRCOM, CUT CF OR N

CONNECTION WITH THE SOFTWARE OR THE USE CR GTHER DEALUINGS IN THE SOFTWARE.

Capius SM: Copyright @ 2018 American Chemical Society. All Rights Reserved. (The U.K. patent material in this proguct/service is U K. Grown copyright and is made available with permission.
Copyright © Crown Copyright. The French (FR} patent material in this product/service is made available from Institut National de la Propriete industrictie (NPI).)

CAS REGISTRY =M: Copyright @ 2018 Amarican Chemical Society. All Rights Reserved. (Some records contain information from GenBank ® . See also: Benson D.A., Karsch-Mizarachi 1., Lipman
D, Ostel J, Rapp B.A, Wheeler DL Genbank. Nuch. Acids Res. 28(1):15-18 (2000). Property vaiues tagged with IC are fromthe ZIC/VINIT! data file provided by InfoChem.) CAS Registiv is a service
mark of the American Shemical Society. GenBank is a registered trademark of the U.S. Libraiy of Medicine.

CASREACT @ : Copyright @ 2018 American Chemical Society. All Rights Reserved. CASREACT contains reactions from CAS and from: ZIC/VINITE database (1974-1098) provided by InfoCherry; INPI
data prior to 1988; Biotransformations database compiied under the direction of Professer Dr. Klaus Kieslich; organic reactions, portions copyright 1885-2005 John Wiley & Sons, Ltd., John Wiley and
Sons, Inc., Diganic Reactions (nc., and Organic Syntheses Ine. Reproduced under license. All Rights Reserved.

CHEMCATS @ : Copyright & 2018 Arnerican Chemical Society. All Rights Reserved. Chemical supplier information is supplied on an "as is” basis. Full information regarding substance availability,
price, etc., is provided when you request sugplier information.

CHEMLIST @ : Copyright ©@ 2018 American Chemical Society. Al Rights Resarved.

MEDLINE & :is produced by the U.38. National Library of Medicine. MEDIL is a registered frademark of the U.S. National Library of Medicine.
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Doc code: DS PTO/SB/08a (03-15)

) cerindian: Lafar iany i PSR L RS i Approved for use through 07/31/2016. OMB 0851-0031
Doc description: Information Disclosure Statement (iDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduclion Act of 1685, no persons are required 1o respond to a cellection of information unless il contains a valid OMB control number.

Application Number 15735130

Filing Date 2017-12-08
INFORMATION DISCLOSURE First Named Inventor | Stephen Richard COULSON
STATEMENT BY APPLICANT o Unn i
( Not for submission under 37 CFR 1.99)

Examiner Name BUIE-HATCHER, NICOLE M

Attorney Docket Number GBLO007/US

U.S.PATENTS
. " . i N . RPages,Columns,Lines where

E)ggnlmer Cite Patent Number Kind issue Date Na“f‘e of Patentee or Applicant Relevant Passages or Relevant
Initial No Code? of cited Document

Figures Appear

if you wish to add additional U.S. Patent cilation information please click the Add bulton.

U.S.PATENT APPLICATION PUBLICATIONS

Examineri .. Publication Kind | Publication Name of Patentee or Applicant Pages,Coiumr)s,Lmes where
. Cite No : Relevant Passages or Relevant
initial Number Code'| Date of cited Document . R
Figures Appeai
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
Examineri Cite | Foreign Document Country Kind | Pubilication Applicant of cited where Relevant 15
initiai* No | Number? Codez2| Code4 Date ppacant ot ¢ Passages or Refevant
Document )
Figures Appear
1 ]

if you wish to add additional Foreign Patent Document citation information please click the Add button

NON-PATENT LITERATURE DOCUMENTS

include name of the author (in CAPITAL LETTERS), titie of the arlicle (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T
pubiisher, city and/or country where published.

Examiner| Cite
initials* i No

e
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Application Number 15735130
Filing Date 2017-12-08

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
{ Not for submission under 37 CFR 1.99)

First Named Inventor | Stephen Richard COULSON
Art Unit 1767

Examiner Name BUIE-HATCHER, NICOLE M
Attorney Docket Number GBLO0O07/US

“Plasma treatment can apply iiquid repellency to any material”, Technical Textiles international, May 2005, pages [—l
23-25 (3 pages).

if you wish to add additional non-patent literature document citation information please click the Add button

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 608. Draw line through a
citation if not in conformance and not considered. include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at wenw USPETO GOV or MPEP 801.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). ° For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent doecument.
* 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 if
English language franslation is attached.
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Application Number 15735130

Filing Date 2017-12-08

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named inventor | Stephen Richard COULSON

. Art Unit 1767
( Not for submission under 37 CFR 1.99)

Examiner Name BUIE-HATCHER, NICOLE M

Attorney Docket Number GBLO0O07/US

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 {o make the appropriate selection(s):

_ That each item of information contained in the information disclosure statement was first cited in any communication
] from a foreign patent office in a counterpart foreign appiication not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information conlained in the information disclosure siatement was ciled 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 the information disclosure stalement was known to

1 any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[ ] See attached certification statement.
X] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

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

Name/Print Paul J. Parins Registration Number 54,358

This coliection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
pubiic 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 1o take 1 hour 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 1o 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 CR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 223131450,
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Privacy Act Statement

The Privacy Act of 1874 (FP.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 informaticn 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/cr 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
resuit 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 foliowing routine uses:

1.

The information on this form will be treated confidentiaily to the extent allowed under the Freedom of information Act
(5 U.S.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these recoid s.

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 1o opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disciosed, 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.

A record in this system of records may be disciosed, 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 1874, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an international Appilication 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.

A record in this system of records may be disclosed, as a routine use, to another federai agency for purpcses of
Nationai Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(v)).

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.8.C. 2994 and
2806. Such disclosure shail be made in accordance with the GSA reguiations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shali not be used to make
determinations about individuals.

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, 1o the public if the record was filed in
an appiication 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.

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 USPTQO becomes aware of a violation or potential violation of taw 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
s . Sub-Total in
Description Fee Code Quantity Amount USD($)

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 Sullaj-s'l';(tsa)l in
Miscellaneous:
SUBMISSION- INFORMATION DISCLOSURE STMT 1806 1 240 240
Total in USD ($) 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 112318INTEFSW13203600
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 .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
73743
1 Information DFlscIosuSréeOSStatement (IDS) GBLO007US_SIDS.pdf no 4
orm ( ) 456ad696f9fe4 1f85772448b10ebe379e52]
6aB2
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
595496
2 Non Patent Literature Plasma_treatment.pdf no 3
Seaec8c580a621d9715f7a8b6ad643d 1d6ff|
eb70
Warnings:
Information:
30379
3 Fee Worksheet (SB06) fee-info.pdf no 2
63bede84c6a538eal90cc6fc5dc8ef7bd760)]
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 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 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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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In The United States Patent And Trademark Office

PATENT

Inventor: Siephen Richard COULSON

Serial No.  158/735,130

International Filing Date:
ol

June 8, 2816

International App. No. PCT/GB2016/051688

3ITHex Decembaer §,
For: COATINGS

017

Examiner: Buie-Hatcher Nienle
Group Art Unit: 1787

Confirmation Ne, 7101

Docket No. GBLOBOT/US

Mail Stop Amendment
Conymissioner for Patents

P Box 1450

Alevandria, Virginia 22313-14

Dear-Siror Madam:

Enclosed herewith ave the following in connsction with the above-identified patent

apphication:

AL Declarations (37 CFR 163} for Utility Appheation Using an Application Data Sheet,

executed hy:

30

#  Stephen Richard Coudson,

o Delwyn Evans,

s Angeliki Stekou

B. A Substiinte Stadement in Livw of an Oath ar Deelaration for Uity Design Patent

Application or Design Patent Application (35 ULS.C, TS And 37 CFR L.64), executed

by,

5

e assignee (I Stephen Coulson) o hehalf of Clive Teltord.

€. i believed that no surcharge 15 required v filing these declarations as the $140.04

Surcharge for filing the Declaration fate vwas paid on the same day that the application

was filed {December

8 2017)
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Docket No, GRLBDOTAUSR

Page 2

Respectfully Submitted,
‘a‘.““‘“‘wm\,\\ }\\‘.\.\-- SRR %\\‘:\:
\"\ EN R

rimpig e
b
B4
Y
s
7
o

3 ‘ ’
Date: ¢ \"}\?Wféii‘i

—— X

Paul 1. ParinssReg. No. 34,358
Customer Number 33072
Phone 651-2735-9831

Fax: 651~331-2954

#12409%
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DECLARATION (37 CFR 1,83} FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 OFR 1.78)

Title g |
Invention COATINGS

Attorney g e

Bocket No, | GBLUGIT/US (P2A8SUS00-CDTAL)

As the befow named invantor, | hareby daclare that
This declaration {1 The attached application; andior
o diracted
£l United States application or PCT internationat spplivation no.
BOT/GBI016/051688 fled on Juneg 8, 2018 andior

™} The application having the above-identified atiormey dovket numbsr on the
specification as filed, or (he abrve-identified 1itle on the spegification as fled,

The sbovesddentified application was mads or authorized to be made by ma.
| balieve thal | am the ariginal invantor or an origing! joint inventor of g glaimed Invenbion’in the application.

1 hersby tate that | have reviewed and understand the cordents of the above-ddentified application,
including the clairs:

P am aware of the duty lodiscloss infurratiorywhich is nateriat lo patuntability #s definad In 37 CFR 1.58.

{ neraby acknowiedge Bat any willtful Talse stalemant made In this daclaration is punishable under 18
LLS.CO 00T by fing o Imprisonnient of riot rmove thay fve (B) vears, or bolit

LEGAL NAME OF INVENTOR

invaotor: Stephen Richard COULSON Ciate foplionatly:
S &3 X
Signature: %s‘\-\‘ £ A

#I17A8Y
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DECLARATION (37 CFR 1.63) FOR UTIUITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.78)

Fithe of : ‘
nvention COATINGS

Allomey : o ,
Docket Ni. GRLOGOTAUS {(P24B4USDO-LCDTRC)

- As e below namead inventor, Fhermby declars thatt
This duclaration {1 The attached application; andfor
is divectsd by

Unitad Statss application or PCT intermalional application nou
PLYGRIN16/051688 filed on June 8, 2016 andior

L

Tha applivation having the sbove-identified attornsy dockeal number on tha
specification as flad, or the sbove-identified title on the spacification as filed.

The above-identified applination was made or avthorized to be made by me.
{ heffeve that | am the original inventor or an original joint Inventor of a dlaimed invantion in the applicalivn.

{ hareby stale that | have roviswad and undarsiand the comtants of the abave-dentified application,
wcluding the claims,

§ e awere of the duty o disalose inforniation which is material to patentability as defined in 37 CFR 1.88.

i heveby acknowhadgs that any wiliful false stateinent made In this deciaration s punishable under 18
S0 10071 by fine or imprisonment-of not more than five {5} yvears, or both.

EEGAL NAME OF INVENTOR

Invenitar: Delwyn EVANS - Dates {optionaly, 43 FeB 2y
s
T — &
, < L PR ¢
Signatune: ,ﬂi“;: “«ffﬁ i:“ -
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DECLARATION (387 CFR 1.83) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR1.78)

Title of -
oo | COATINGS

 Attorrey T p—
ckot Mo, | GBLBOOTIUS {PR424US00-COTAC)

Ax e batow named Invantor, { hareby declars that;

Thiz deslargtion D1 The atiachad application; andior
i directed B
N United States application or PCT international application no.

The-applination baving the above-ideniifiad attomesy docket number oo the
spacification as filsd. or the above-klentifind fitle o thie soacification as flad.

Tha sbove-kientified applicalion was made orauthorized 1o he made by me,
I paliave that | am the original inventar or an griginal uint inventor of a slaimed invention i the applivation.

! heroby state that | have reviewed snd tinderstand the contents of the sbove-ideniified application,
inoluding the daima,

{ am aware of the duty {o discluse information wivich s rogienal o pateniabiity as defined in 37 OFR 1.86.

| I heraby acknnwhedge that any willful false statement made in this declaration s pusishable under 18
- U8B.C. 1001 by fibe or imprisonment of not wore than five (&) years, or both,

LEGAL NAME OF INVENTOR

: T3 O
invantor: Angeliki SIOKOU Date foptionaly,_ZF 092 1%
| SSEL )
| Stgnatarer o LY
1 e (s
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Uoc toge: Qath
Cocunment Desoription: Oath or daciaration Sed

3, Patant any Tradeimak iy WL ISR .NT SF -»)l‘; \15.\ oR
i e Randnaik Reduahar Aot of 1848, ne prestire s Bk b vespond i 8 Gl & W Y pthess B diapiRved vad ORMR antel nurehs

SUBSTITUTE STATEMENT IN LIBU OF AN OATH UR DECLARATION FOR UTILITY
OR DESIGN PATENT APPLICATION (35 LL.B:G. 115{d) AND 37 CFR 1.84)
oot POOQATINGS

Invewtian

i$ statermant is dirsctad

g
3

[: The atiached aoplication;

UR
e , 15/735 130 December 8, 2017
g@ Unlied Siatns appiicatian or PET international application manbiar . ! Bedan
LEGAL NAME of inventor to whom this substitile statement apalies:
{Eg., Giver Narme {fest ond midde {anyl) snd Family Nams o Surname}
Clive Telford
‘Residence fexcent for o deceasss sologally invapaninted inverdary,
10t Sinte Country
Nathg Address {exoem for g ccceassz:f o isgsly incapsasitalod »n\w)mcr,
City S S Ti Counley

| heliows the abova-named invertor or joint inventor to e the wrigingl inventor or an origingl joint invantor of 2 dained invantion
inthe application,

Tha above-idenified application waa rade or suthorized W be made by ma.

} erely sckrwiedoe that any wilid fa?se staterent made i Hhin stalament fs punishabie utndes 1T VS0 100 by line oy
imptisonmant of nol more than g (5 vours, arboth,

Ralstionship 1o the inverdor i whon this subsiihie staternest applies:

3 Lage! Represantadive tfar dedegsad of logally incapaciialed inventar salvl
‘! Askignes,

| Porson to whom the inventir is undar an sbligation fo sesiga,

Porsan who siherwise shows g sufficient profristecy inferest i ihe matier {paBlion under 37/ CFR 146 1 sequired), or
Y
Lm: Joint inventar,

Page 1 of2
Thiy citfasting of inf 3 e IERE R, TR and AT GFR T8 Thow iddrmiion & cediived 16 Qi O retsin 3 foneRl by e pubic witen iz o fly fang
i)y 4?& UsP‘E'Q I SEERSE .m ,'sp-‘h.shm Susfdtntiatyis g e 35 LB, Y na §7 UFR LYY e 140 T polletion iy satbraled o lake Tasiise

TG gathenag, prepaning, dnd ﬁ:«mﬁ*mg*h«wrn!eu‘ﬁ appilativn T (6w PTE Time Sl bany dopending Lo e ingividual sase: Suy
ii}:p don, should Be sunt o e hint bipanatet

w sk o e Jrenust ot s YU sl by complatt 31w Tonm Sndier RupyRKis ¢ >
Patent grg Yradsrsdark D8se 08, Repadmant of Commarse, F.O08ay 1450, Slaeandr i, VA FIREIAEE, SO NOTSENG FEES OR GOMPLETED FORMA
THIS ADDRESE. SERD TOY Dommissionar for Patents, P.0Q. Box 1450, Alewgndriy, W\ ?zﬁ(ﬁ’i«‘!#&{it},

Wy e NSNS A O g fhe Goon cal RRORETE-DIES do oot aanin 2.
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PTINSRIAART PR
hrgugh € IEE0ANIEG, QN8 ORET-ONN
IRARTRENT OF SOMYERCE
3 RIS atend ruandsse

u.p;:n st far use!
LE, \s\\m #od Trademsnedd
L the Fapteaitk Radiatinn Act ol 1805, oo porsink srersgiirsd 16 resgand e § ey 8 GRS

SUBSTITUTE STATEMENT

Cirdumsiancgs permilting » of this sunatitite slatement

{ﬁ Inventor s decessed;

tnventor is under lagas! Incapacity,
4 veardor cannotbe found orreached after difigent effort. or
; | trventar has refused 1o execute the oath or dectaration undsr 37 CFR 1,63,

i thers are jolnl Inveniors, please pheck the appropriate box balew:

o~

ﬁi An-application dals sheebunder 37 CFR 178 (FTOMAENT Y or squivalent) sarning the sodinsinventive enbily hag besn
oy s cuneniiy submitted,

j Ary applivation dala sheel under 37 OFRA78 (PTOIAISA Y or sguivalerd) hag not been submitbed. Thus, 3 Sulmslilute
Staterront Suppisrvental Shest (PTORIAT arequivalent) naming the antire vestive sty and providing inventor
infonnation v eltached. Bea 37 CFR B4k

WARNING:

iSetitianedapptivantis caidionad lo avold submitiing pamsona infortmation in doduments fled in.a paten) applinstion hstway

foontribite fo dentity theft. Personal Information such ax sodial securily numbars, hank account numbers, or-credit cand mevbers

wother than 3 theck o cregt card authanzation fomy PTO-2028 submified for paymeni PUposesH iR never aguiad by the USPTG

o supet B pediting or o applicatinn. S tyoe of personia ndnrmation {8 incladed i docomeants submittad tothe USPTGL

npatitioners’spplicants shonld consider redadiing such personst infermation fror the documents tafors sutmitting tham o the

USPTD, Palitionedapolicent is sdvised thal the regond of & patent appiication is avaliahde t the publicafler publication of the

apifmhos {untass 8 son-publication renuestin complisnce with 37 OFR .21 800} is mads by the soplioation} or issusnge ol 8

patent Fnﬁ‘zeﬁnefe trie record from an sbandoned saplication may sl be avatiatde o the public ¥ the agplication s

*e«‘m:me@ rs a m;bi. ;hed nmpm,aimn o an ;ssned patw ase 3}' GFR 1 M} (‘he i zmd credtt card au‘mn aimn tarr

PERSON EXBCUTING THIZ SUBSTITUTE STATEMENT:

Nama: Dr Stepheﬂ CQU?SGY} B Cate [Denaty ff.'* »E?

AR TS

Signaturs: T ———
APPLICANT NAME AND TITLE OF P&R&GN EXECUTING THIS SUBSTHUTE STATEMENT:
i ihe applicant Is = aristic aalily, st the spplicant name and theditle of the signen

P2l

Apphicant Nesm«

s R
ks ;,if;‘;’f i 2‘:;;:;;% CSO, Founder, President Information Secusity

The sgner, whose T 15 SURTIRG, QDOVE, 16 BUNONEED (0 S0l ot DENBE O IRE Rpucant,
Residenee of the signer (undess provided in an applicstion dals sheal, PTOIAANS or sguivalent):

Sy Abgngd{}ﬁ State Country Gg

Maiting Address of the siguer {unless provided in an appliication data sheet, FYOIAIANS or Bouivalonty
§-12 North Central, 127 Clympic Avenug, Milton Park

L Abin M OX14 48A 3
1 C;iy Ab in gﬁ on State Zip Coutiiny G B
Nutar Usa an ﬂéd‘\.oﬁ‘si PTOAIAAR form Yor eanh invenior who s decessed, s‘zsaiiy incapacitated; camnot be foind o reathisd
after difigent affont. or has efused to axecdia the sath or declaration uadar 37

{Fage 2ot

¥
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Privacy Act Biatement

The Privacy ot of 1874 (Bl 93~§‘?9} reguines thal o b glven cenairdinfonvaian by corbaciion
with yotr siimission of e attached faon redelng o c3 gatent anplig 'cm af patent. Accorgingly,
prfsuant o the f;,qmm wante of tha Ay pﬁeaqe by achaned 1«3? {5 the gensral authonty Tor the
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X
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Electronic Acknowledgement Receipt

EFS ID: 35420272
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: 14-MAR-2019
Filing Date: 08-DEC-2017

Time Stamp:

11:11:11

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes Multi Pages
u Document Description File Name ile Size( y i Y I. . 9
Number Message Digest | Part/.zip| (ifappl.)
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eclarations.pdf
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Information:

398658
2 QOath or Declaration filed GBL0007US_Declaration.pdf no 3
dd44e5c87c549bb551dcb6c9c400982f43a
4c68a
Warnings:
Information:
634125
3 QOath or Declaration filed GBL0007US_SLibsctjlftute_Statem no 3
en p 3eb370671cae47e410a2009cc6dfb7f38bed
56b7
Warnings:
Information:
Total Files Size (in bytes): 1244891

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 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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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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 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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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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 Subject Matter

Applicant gratefully acknowledges the indication in the Office Action that claims 7 and
12-15 would be allowable if rewritten 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. As explained below, claim 1 is
amended to include subject matter of claims 7, 12, and 14 (using alternative “or” language),
therefore claim 1 is considered allowable.

Claim 1 is amended to limit L for compound (1) 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 1 does not add matter.

Claim 1 has been amended to broaden the definitions of Y1 to Y8 and R1, R2, R4, and
R5 to R10 to be independently selected from hydrogen or an optionally substituted ci-cs
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.
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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.

Rejection Under 35 U.S.C. §112(b)
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.
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.

According to the Office Action, the structure R, ™ 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. 112(b) or 35 U.S.C. 112(pre-AIA), second paragraph, as being indefinite, be

withdrawn.

Rejection 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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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.

Respectfully Submitted,

Dated:_March 18, 2019 By:/Paul J. Parins/
Paul J. Parins, Reg. No. 54,358
Customer No. 33072
Phone: 651-275-9831
Facsimile: 651-351-2954

#124050
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SEARCHING AUTHORITY, OR THE DECLARATION

To:
Leland, Emma

Greaves Brewster LLP

European Patent Attorneys

Copa House

Station Road

GB-Cheddar, Somerset BS27 3AH
ROYAUME UNI

{PCT Rule 44.1)
Date of nfailing

’
v ’/
(day/month/year)
- . 5 June 2015 (05-06-2015)

v

Applicant's or agent's file referefice

EL/P2310PCQ0 FOR FURTHER ACTION See paragraphs 1 and 4 bejow
International application No. International filing date ey
i {day/monthiyear) ’ g
PCT/GB2015/050521 24 February 201 |5 (£4-02-2015)
Applicant
P2I LTD

The applicant is hereby notified that the international search report and the written opinion of the Internationatl Searching
Authornty have been established and are transmitted herewith.

X

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the International Application (see Rule 45):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the
Internationai Search Report.

Directly to the international Bureau of WkPO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Fascimile No.: (41-22) 338.82.70
For more detailed instructions, see POT Applicant's Gulde, international Phase, paragraphs 9.004 -9.011.

2. The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the international Searching Authority are transmitted herewith.

How?

3. With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:
yp P

the protest together with the decision thereon has been transmitted to the International Bureau together with any
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices.

D no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4. Reminders
The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority
to the International Bureau. These comments will be made available to the public after international publication. The
International Bureau will send a copy of such comments to all designated Offices unless an international pretiminary
examination report has been or is to be established.
Shortly after the expiration of 18 months from the priority date, the international application will be published by the
international Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawali of the international
application, or of the priority claim, must reach the International Bureau before the completion of the technical preparations for
international publication (Rules 90b/fs.1 and 90bis.3).
Within 19 months from the priority date, but only in respect of some designated Offices, a demand for intemational preliminary
examination must be filed if the applicant wishes to postpane the entry into the national phase until 30 months from the priority
date (in some Offices even iater); otherwise, the applicant must, within 20 months from the priority date, perform the
prescribed acts for entry into the national phase before those designated Offices. In respect of other designated Offices, the
time limit of 30 months (or later) will apply even if no demand is filed within 19 months. For details about the applicable time
limits, Office by Office, see www.wipo.int/pct/enftextstime_limits.htm! and the PCT Applicant’s Guide, National Chapters.

Within 19 months from the priority date, the applicant may request that a supplementary international search be carried
aut by a different international Searching Authority that offers this service (Rule 45bis.1). The procedure for requesting
supplementary international search is described in the PCT Applicant's Guide, International Phase, paragraphs 8.006-8.032.

Name and mailing address of the International Searching Authority Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2

'NL-2280 HV Rijswijk
. 8§ Tel. (+31-70) 340-2040

Fax: (+31-70) 340-3016

VAN DER HOEVEN, Maria
Tel: +31 (0)70 340-3342

Form PCT/ISA/220 (July 2014)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

i ' t's file ref
Applicant's or agent’s file reference FOR FURTHER see Form PCT/ISA/220
EL/P2310PCO0 ACTION as well as, where applicable, item 5 below.
International application No. International filing date {day/imonth/year) (Earliest) Priority Date {day/month/year)
PCT/GB2015/050521 24 February 2015 {24-02-2015) 28 February 2014 (28-02-2014)
Applicant
P2i LTD

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

This international search report consists of a total of 6 sheets.

it is aiso accompanied by a copy of each prior art document cited in this report.

b []
o [
2
s O

L]

b. [X]

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

the international application in the language in which it was fited

l:l 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 obvicus 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 internationat application, see Box No. |.

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

Unity of invention is lacking (see Box No }ii)

4.  With regard to the titie,

the text is approved as submitted by the applicant
the text has been established by this Authority to read as follows:

5. With regard to the abstract,

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. {V. 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

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

I:l 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/210 (first sheet) (January 2015)
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international application No.

INTERNATIONAL SEARCH REPORT PCT/GB2015/050521

BoxNo.ll  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. [:I Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.: 363 37

because they relate to parts of the internationat application that do not comply with the prescribed requirements to such
an extent that no meaningfui international search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. D Claims Nos.:
because they are dependent ciaims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. [li Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Intermnational Searching Authority found multiple inventions in this international application, as follows:

As all required additional search fees were timely paid by the applicant, this internationai search report covers all searchable
claims.

ury

2. L—] As all searchable claims couid be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those ciaims for which fees were paid, specifically claims Nos.:

4. 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.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005) Ex. 1028 - Favored - p 368




INTERNATIONAL SEARCH REPORT

international application No

PCT/GB2015/050521

A. CLASSIFICATION OF SUBJECT MATTER

INV. BO5D3/04 BO5D3/14
ADD.

BO5D7/22

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)

BO5D

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

Electronic data base consuited 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 dosument, with indicaticn, 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 20147010969 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 - line 32

example 1

claims 1,8 -
X US 20127321776 Al (VETRECIN ROBERT [US]) 1-35

20 December 2012 (2012-12-20)

examples 2,3

- / ——

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : 5 ) 5 § .
"T* later document published after the intemationai filing date or priarity

date and not in conflict with the application but cited to understand

"A" decument defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"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 alfone
sited to establish the publication date of another citation or other Y* document of particular relevance; the claimed invention cannot be

special reason {as specified)
“O" document referring to an oral disclosure, use, exhibition or other
means

"P® document published prior to the interational filing date but later than
the priority date claimed

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

*&" document member of the same patent family

Date of the actual completion of the intemational search

28 May 2015

Date of mailing of the intemational search report

05/06/2015

Name and mailing address of the 1ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Slembrouck, Igor

Form PCT/ISA/210 {second sheet) (April 2005)
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INTERNATIONAL SEARCH REPORT

Internationatl application No

PCT/GB2015/050521

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

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

1

Form PCT/ISA/210 {continuation of second sheet) (April 2005)
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INTERNATIONAL SEARCH REPORT

information on patent family members

international application No

PCT/GB2015/050521
Patent document Publication Patent family 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

Fomn PCT/ISA/210 {patent family annex) (April 2005}
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International Application No. PCT/ GB2015/ 050521

FURTHER INFORMATION CONTINUED FROM PCTASA/ 210

Continuation of Box 11.2

Claims Nos.: 36, 37

(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 66.1(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-1V, 7.2),
should the problems which led to the Article 17(2) declaration be
overcome.

Ex. 1028 - Favored - p. 372



PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

see form PCTASA220

Date of mailing
(daysmonthiear) see form PCTASAR10 (second sheet)

Applicant's or agent'’s file reference

see form PCTASAR220

FOR FURTHER ACTION
See paragraph 2 below

Priority date (day/monthAsear)
28.02.2014

International filing date (day/nonthiear)
24.02.2015

Internationat application No.

PCTAGB2015/050521

International Patent Classification (IPC) or both nationai classification and IPC

INV. B0O5D3/04 B05D3/14 BO5D7/22

Applicant
P2ILTD

1. This opinion contains indications relating to the following items:

Box No. ! Basis of the opinion

[0 Box No. i Priority

Box No. Ili  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

[0 Box No. IV  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

{1 Box No. VI  Certain documents cited

[0 Box No. Vil Certain defects in the international application

Box No. VIli 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 Prefiminary 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 66.1bis(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 PCTASA/L220 or before the expiration of 22 months from the priority date,
whichever expires later.

For further options, see Form PCTASA220.

Name and mailing address of the ISA:
) European Patent Office
_Q P.B. 5818 Patentlaan 2
——==__ NL-2280 HV Rijswijk - Pays Bas
Tel. +31 70 340 - 2040
Fax: +31 70 340 - 3016

Date of completion of
this opinion

see form
PCTASAR210

Authorized Officer
» e v-m,,f,l,q .
Telephone No. +31 70 340-0 & Y
%4, &
osrp 350~

Form PCTASA/237 (Cover Sheet) (January 2015)
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/(GB2015/050521

Box No.! Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

X
O

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 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))

With regard to any nucleotide and/or amino acid sequence disclosed in the international apptication, this
opinion has been established on the basis of a sequence listing:

a. O forming part of the international application as filed:

O in the form of an Annex CST.25 text file.

I on paper or in the form of an image file.

b. O 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 C/ST.25 text file.

c. O furnished subsequent to the international filing date for the purposes of international search only:

O in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).

0 on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section
713).

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:

Form PCTASA/237 (January 2015) Ex. 1028 - Favored - p. 374



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAGB2015/050521

Box No. lll 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

B 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):

[ the description, claims or drawings (indicate particular elements befow) 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):

X no international search report has been established for the whole application or for said claims Nos. 36, 37

[1 a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the
prescribed time limit:

O furnish a sequence listing in the form of an Annex C/ST.25 text file, and such listing was not availabie
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.

[0 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).

X See Supplemental Box for further details

Form PCTASA/237 (January 2015) Ex. 1028 - Favored - p. 375



WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY

International application No.

PCT/AGB2015/050521

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)

Inventive step (I1S)

industrial applicability (IA)

2. Citations and explanations

see separate sheet

Yes:

No:

Yes:

No:

Yes:

No:

Ciaims
Claims

Claims
Claims

Claims
Claims

o
co
&2

7|

—_
)
1]

|

-
co
(&)

Box No. VIll 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

Form PCTASA/237 (January 2015}
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/GB2015/050521

Reference is made to the following documents:

D1 US 4 822 632 A (WILLIAMS JOEL L [US] ET AL) 18 April 1989
(1989-04-18)

D2 US 2014/010969 A1 (BICKER MATTHIAS [DE] ET AL) 9 January 2014
(2014-01-09)

D3 WO 2011/029628 A1 (SCHOTT AG [DE]; BICKER MATTHIAS [DE];
BAUCH HARTMUT [DE]; LOHMEYER MAN) 17 March 2011
(2011-03-17)

D4 US 2012/321776 A1 (VETRECIN ROBERT [US]) 20 December 2012
(2012-12-20)

D5 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 liem [li

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 PCT/ASA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/GB2015/050521

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 ltem VIl

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, 1. 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-Aprii 2005)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/GB2015/050521

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,

(i) coated components of step (i) are subjected to reduced pressure in a
plasma treatment chamber

(iti) 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 application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/GB2015/050521

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 liem 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 VIli, 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 (Separaie Sheet) (Sheet 4) (EPO-April 2005)
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(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 PGT/ISA/237 (Separate Sheet) (Sheet 5) (EPO-April 2005)
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Inventor: Stephen Richard COULSON Examiner: Buie-Hatcher, Nicole
Serial No. 15/735,130 Group Art Unit: 1767

International Filing Date: June 8, 2016 Confirmation No. 7101

International App. No. PCT/GB2016/051688 Docket No. GBL0007/US

371(c): December 8, 2017

For: COATINGS

Mail Stop Amendment [ CERTIFY THAT ON.MARCH 18, 2019 THIS CORRESPONDENCE

Commissioner for Patents IS BEING ELECTRONICALLY TRANSMITTED TO THE UNITED
P.O.Box 1450 STATES PATENT AND TRADEMARK OFFICE VIA THE
Alexandria, Virginia 22313-1450 OFFICE's EFS-WEB.

/Bethany Lichtscheidl/
BETHANY L. LICHTSCHEIDL

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
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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 ebtairable 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 surface thereof,

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

I(a)
R4 Ry 8 [ B 1 T X
. . ’ S C G DRy
g e TR -
N T
[ Re  Re L Red X 410X,

Rs

wherein each of Ry, Ry, R4 and Rs to Rg Ry ts-hydregen—each-of Ry Ryand Rygisindependently
hydrogenormethyl is independently selected from hydrogen or an optionally substituted C,-Cg
branched or straight chain alkyl group; each X is independently hydrogen or halogen; a is from

0-10;bisfrom3to 7;and cis Oor 1_[[:]]

iy Ha
) ¢
\\ S
k- s F
£ 3
R
§ 5.
R Ry
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Page 4

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:

¥y ¥
é N
& \-x
Y b —(‘\\ I;‘}— ¥y
- &, &
X\X { N
poceas ooy
£ S
.r"'. \i-
_ ¥, o ..‘a S ¥
() ~ e ) . :

where Y1, Y2, Y3, Yu, Ys, Y6, Y7 and Yy are-each-hydrogen are each independently selected from

hydrogen, optionally substituted cyclic, branched or straight chain C;-C¢ alkyl or aryl; and L is a

linker moiety;

wherein for compound (i) L is of Formula A having one of the following structures:

A0 O O 0O

and Y is selected from optionally substituted cyclic, branched or straight chain C,;-Cy alkylene

and a siloxane group:

or wherein for compound (i) L is of Formula B having the following formula:

Y Y
W Ny

where each Yy is independently selected from, a bond, -O-, -O-C(O)-, -C(0)-O-, -Y1,1-O-
C(0)-, -C(0)-O-Y11-, -OY11-, and —Y;,0-, where Y, is an optionally substituted cyclic,

branched or straight chain C,-Cg alkylene; and

wherein Yo has the following formula:

: Y15 Y15 ,
S SII @) Sli 5
Y15 Yis5
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and each Ys is independently selected from optionally substituted branched or straight chain C;-

Ce.alkyl:

or wherein Y, has the following formula:
Y16 Y47
Y19 Yig

and Y6 to Y9 are each independently selected from H and optionally substituted branched or

straight chain C;-Csg alkyl or alkenvyl.

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 elaim=S claim 1, wherein when

for compound (i) L is of the formula B, L has one of the following structures:

o o
Wy oo A\

: s, P A N §
__J_,.JY W e g 3 i \$} -
£ i'l}\ § S f...'- ¥

\ N
o \‘g’) e R @
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X
!
. o 3 E
) it i1 4
1 i if 1«-
l',‘ ;; “ S 5
i N i A , g
E e ~ - Pt e ., TR i< K3
- K‘"‘-. o o ¥ 1{‘\ \0 = b ~,5F o ™ f‘\\“"\-. < C} :
e > T
%, B G

7. (Cancelled)

8. (Currently Amended) The device or component according to ela—5S claim 1, whereinwhen
for compound (i) L is of Formula B, Y} has the following formula:

X0

WS

WIS

o iy O
. p

H
o
ey
Sa

wherein each Y, and Y3 is independently selected from H, halo, optionally substituted cyclic,

branched or straight chain alkyl, or —OY 14, where Y4 is selected from optionally substituted
branched or straight chain C;-Cg 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 Y, is H
and each Y3 is H.

10. (Previously Presented) The device or component according to claim 8, wherein each Y, is
fluoro and each Y3 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 etatm—2 claim 1, wherein

when for compound (1) L is of Formula B and Yo has the following formula:

: Y15 Y15 ,
f—Si—O0—si—3
Y15 Y15

each Y;s5is methyl, and each Yy is a bond.
14. (Cancelled)

15. (Currently Amended) The device or component according to elatm—+4 claim 1, wherein_when

for compound (i) L is of Formula B and Y4 has the following formula:

Yig Y17

Yig Yis

Y is H or vinylene, and Y6, Y17 and Yo are each H.

16. (Currently Amended) The device or component according to claim 1, wherein the
crosslinking reagent is selected from B+vind-Adipate divinyl adipate (DVA), 1,4 Butanediol 1.4-
butanediol divinyl ether (BDVE), +4—Cyelohexanedimethanol 1.4-cyclohexanedimethanol
divinyl ether (CDDE), 1;7—Oetadiene 1.,7-octadiene (170D), 1,2,4-trivinylcyclohexane—
Frvileyelohexane (TVCH), .3-DivinyltetramethyldisHexanel,3-divinyltetramethyldisiloxane

(DVTMDS), Bialls# diallyl 1,4-cyclohexanedicarboxylate (DCHD), :;6-Divinylperfluorohexane
1,6-divinylperfluorohexane (DVPFH), 1H,1H,6H,6H-Perfluorohexanediol perfluorohexanediol

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:

0
H

>:éLo/\/‘CF2)nF
H H

where n is from 2 to 10.

32. (Previously Presented) The device or component thereef according to claim 1, wherein the

compound of formula I(a) has the following formula:

O
— o/\/(CFz)nF
H
CH,

H

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 1H,1H,2H,2H-perfluorohexyl acrylate (PFAC4),
1H,1H,2H,2H-perfluorooctyl acrylate (PFAC6), 1H,1H,2H,2H-perfluorodecyl acrylate (PFACS)
and 1H,1H,2H,2H-perfluorododecyl acrylate (PFAC10).

34. (Previously Presented) The device or component thereef according to claim 32, wherein the
compound of formula I(a) is selected from 1H,1H,2H,2H-pefluorohexyl methacrylate
(PFMAC4), 1H,1H,2H,2H-perfluorooctyl methacrylate (PFMAC6) and 1H,1H,2H,2H-

perfluorodecyl methacrylate (PFMACS).

35-91. (Cancelled)
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Page 9
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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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.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: ~ Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

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.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

33072 7590 05/15/2019 Certificate of Mailing or Transmission
KAGAN BINDER. PLLC 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
SUITE 200, MAPLE ISLAND BUILDING addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
221 MAIN STREET NORTH the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
STILLWATER, MN 55082 (Typed or primed name)
(Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
15/735,130 12/08/2017 Stephen Richard COULSON GBL0007/US 7101
TITLE OF INVENTION: COATINGS
| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 08/15/2019
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
BUIE-HATCHER, NICOLE M 1767 526-245000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
p g p y
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "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.

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 3.81(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) : (] Individuat [ Corporation or other private group entity (] Government

4a. Fees submitted: [ Missue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)

() 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)

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.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

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 Date

Typed or printed name Registration No.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWwWWw.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
15/735,130 12/08/2017 Stephen Richard COULSON GBL0007/US 7101
33072 7590 05/15/2019 | EXAMINER |
KAGAN BINDER, PLLC BUIE-HATCHER, NICOLE M
SUITE 200, MAPLE ISLAND BUILDING
221 MAIN STREET NORTH | ART UNIT PAPER NUMBER |
STILLWATER, MN 55082 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 1(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)-786-0101 or (571)-272-4200.
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OMB 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 OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB 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 OMB 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 OMB 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. Arecord 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. Arecord 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 i jon or an issued pate

9. A record from this system of records may be disclosed, as a routine ulsE, bn]zﬁ?e%e-ralle,r%\{gg,e((?r -1(9:'a|4b3
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.



Application No. Applicant(s)
) o 15/735,130 COULSON et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
NICOLE M BUIE-HATCHER 1767 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice 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.

1.4} This communication is responsive to response filed 03/18/2019.

(1 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.} 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 [} Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) (JAll by (J Some  *c) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ 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)).

* 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.} CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(J 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..] 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) 5. (¥} Examiner's Amendment/Comment

2.} Information Disclosure Statements (PTO/SB/08), 6. ¥l Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 20181121/ 20190318.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. (3 Other .

of Biological Material .
4.V} 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. 15/735,130

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 Page 2
Art Unit: 1767

Notice of Pre-AIA or AIA Status
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 Page 3
Art Unit: 1767

A) The closest prior art of record, Coulson (WO 2007/082122 A1) 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 A1) 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 (i1).

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 Page 4
Art Unit: 1767

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
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 Page 5
Art Unit: 1767
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Application No. Applicant(s)

. . i 15/735,130 COULSON et al.
Examiner-Initiated Interview Summary
Examiner Art Unit AlA (FITF) Status
NICOLE M BUIE-HATCHER | 1767 Yes

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  [J Video Conference
(J Personal [copy given to: [J applicant [J applicant's representative]

Exhibit shown or demonstration conducted: [J Yes No.
If Yes, brief description:

Issues Discussed [J 101 112 102 [J103 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
(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.

(J Attachment

/NICOLE M. BUIE-HATCHER/
Primary Examiner, Art Unit 1767

U.S. Patent and Trademark Office
PTOL-413B (Rev. 8/11/2010) Interview Summary Paper No. 20190430
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Notice of Referernces Cited

Application/Control No.
15/735,130

Reexamination
COULSON et al.

Applicant(s)/Patent Under

Examiner Art Unit
NICOLE M BUIE-HATCHER 1767 Page 1 of 1
U.S. PATENT DOCUMENTS
* Dgggr;ﬁn&ﬁg;_b}g; d Cogguntry MNEI)- a\l;s(YY Name CPC Classification US Classification
A
B
C
D
E
F
G
H
|
J
K
L
M
FOREIGN PATENT DOCUMENTS
. Dcogzz?\lnljgg;_bz; 4 Cogguntry MNEI)— a\l;s(YY Country Name CPC Classification
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)

*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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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Notes | 535 130 COULSON et al.
H“NHW H“““ “H“‘ o e
NICOLE M BUIE-HATCHER 1767
CPC - Searched*
Symbol Date Examiner
CO09D 133/16 05/09/2019 NMB
BO5D 1/62, 5/083 05/09/2019 NMB
HO1L 21/0274 05/09/2019 NMB
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass 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

ls.l?n"cngs/CPC US Subclass/CPC Group Date Examiner
C09D 133/16 05/09/2019 NMB
B05D 1/62 , 5/083 05/09/2019 NMB
HO1L 21/0274 05/09/2019 NMB

U.S. Patent and Trademark Office
Page 1 of 2
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Application/Control No. Applicant(s)/Patent Under Reexamination
Search Notes 15735 139 COULSON et al.

NICOLE M BUIE-HATCHER 1767

U.S. Patent and Trademark Office mt DfPapél'llgS: 20190430
Page 2 of 2



Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification 15/735.130 COULSON et al.

H “ ‘H“ Examiner Art Unit

NICOLE M BUIE-HATCHER 1767
CPC
Symbol Type Version
C09D 133 16 F 2013:01:01
C09D 5 00 | 20130101
BO5D 5 08 | 2013-01:-01
BO5D 1 62 | 2013-01:01
BO5D 5 083 | 2043:01-01
HO1J 37 32082 | 2013-01-01
HO1J 37 32467 | 20130101
HO1J 2237 332 A 2013-01-01
HO1J 2237 3382 A 20130101
HO1L 21 02118 A 2013-01:-01
HO1L 21 02274 A 2013-01:01
HO1L 21 56 A 2013-01-01
HO1L 23 293 A 2013-01-01
HO1L 23 564 A 2043-0:1-01
HO5K 3 285 A 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE

Total Claims Allowed:

(Assistant Examiner) (Date) 15
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Research Topic: plasma polymerization of fluorocacrylate and crosslinking menomer
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Candidates Selecied (iD 1)

4 references were found containing the two concepts "plasma polymerization”
and "fluoroacrylate”.
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and "crosslinking monomer®.
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50 references were found containing both of the concepts "flucroacrylate” and
"crossiinking monomer".
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Result Count: 223
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Copyright @ 2018 American Chemical Society. Al Rights Reserved.
Copyright @ 1984-2019 Sun Microsystems,inc. All Righis Reserved. {Java runtime envirenment)
Copyright © 2018, Yahoo! inc. All Rights Reserved. (YU! Base, Fonts, Reset CS8})
Copyright © 200-2(18, The Dojo Foundstion. All Rights Reserved

Copyright @ 2018, Exadel, Inc. All Rights Reserved. (JBoss RichFaces)

Copyright @ 2002 infeChem GmbH. All Rights Reserved. (nfoCherm's reaction ola

7

ation program SLASSIFY)

The foliowing copyright notice applies to Raphaei oniy:Permission is hereby granted, free of charge, to any person obtaining a copy of this software and assosiated documentation files {the 'Software?}, to

di

deal in the Software without restriction, ng without limitation the righis to use, copy, modify, mergs, pubiish. distribute, sublicense, and/or sell copies of the Software, and to permit persons io whom
the Software is furnished to do 56, subject to the following conditions: The abave copyright notice and this permission notice shall be included in all copies or substantial portions of the Software THE
SOFTWARE IS PROVIDED 'AS 1S, WITHCUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR

A PARTICULAR PURPGSE AND NCONINFRINGEMENT. IN NC EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR CTHER LISBILITY,

WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHRERWISE, ARISING FROM, OUT OF OR IN CONNECTION WiTH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.

The foliowing copyright notice applies to Google Closure Templates only:Copyright 2008 Googie Inc.Licensed under the Apache License, Version 2.0 (the ‘License’); you may not use this file except in

compliance with the License. You may obtain a copy of the License athttp:/iwww.apache.org/licenses/LICENSE-2.0Uniess required by applicable law or agreed to in writing, sefiware distributed under
the License is distributed on an 'AS I8 BASIS, WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, gither express or implied. See the License for the specific Janguage governing permissions

and limitations under the License.

Copyright {c} 2010, 2012 Adobe Systems Incorporated, All Rights Reserved, (Source Sans ProjLicensed under the 3iL Open Font License, Version 1.1 (avaitable at: hitpJ//scripts.sil.org/OFL)

Copyright 2005-2013 The Dojo Foundation (Dojo Toolkitilicensed under the Apache License, Version 2.0 (the "License™}; vou may not use this file except in compliance with the License. You msy
obtain a copy of the License at:http/iwww apache.oig/iicenses/LICENSE-2.0Unless required by appiicable law or agreed {6 in writing, software distributed under the License is distributed on an "AS 137

BASIS, WITHOUT WARRANTIES OR CONDITICNSG OF ANY KIND, either express or implied.See the License for the spedcifi

aNgUage governing permissions and limitations under the License.
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Copyright {c) 2008 Dmitry Raranovskiy (Raghaei)Licensed under the MIT

[y
g
3
w
[¢3

> (available at: hitp:i/opensource.orgliicenses/MIT)Permission 5 hereby granted, free of charge, to any person obtaining
a copy of this software and sssociated documentiation files (the "Software”), 1o deal in the Software without restriction, including without limitation the rights 1o use, copy, modify, merge, publish,
distriute, sublicense, and/or seli copies of the Software, and to permit persons to whom the Software is furnished {6 do so, subject to the following conditions:The above copyright notice and this
permission notice shall be included in ali copies or substantial portions of the Software. THE SOFTWARE 13 PROVIDED "AS 18", WATHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,

INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESE FOR A PARTICULAR PURPCSE AND NONINFRINGE

AENT. IN NO EVENT SHALL THE AUTHORS OR
COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION GF CONTRACT, TORT OR OTHERWISE, ARISING FROM, CUT OF OR iN

CONNECTION WITH THE SCFTWARE OR THE USE OR CTHER DEALINGS IN THE SOFTWARE.

CAS REGISTRY SM: Copyright © 2048 American Chemical Society. Al Rights Reserved. (Some records contain information from GenBank @ . See aiso: Bensen D.A., Karsch-Mizarachi i, Lisman
D.J.. Ostel J.,, Rapp B.A,, Wheeler D.L. Genbank. Nuai. Acids Res. 28(1):15-18 (2000}, Progerty vaiues tagged with IC are from the ZIC/VINITI data file provided by infoChemn.) CAS Registry is a service
mark of the American Chemical Society. GenBank is a registered trademsrk of the LLS. Library of Medicine.

CASREACT ® : Copyright © 2019 American Chemical Society. All Rights Reserved, CASREATDT containg reactions from CAS and form: ZIC/VINITI datsbase (1974-1998) provided by InfoShem; INPI
data prior to 1988; Biotransformations database compiled under the direction of Professor Dr. Klaus Kieslich; organic reactions, portions copyright 1898-2008 John Wiley & Sons, Ltd., John Wiley and

Sens, Inc., Organic Reactions inc., and Organic Syntheses Inc. Reproduced under license. Ali Rights Reserved.

CHEMCATS ® :

g substance availsbility,

price, eta., is provided when you request supplier information.
CHEMLIST ® : Copyright © 2019 American Chemical Sociaety. Al Rights Reserved.

MEDLINE @ : i5 produced by the LLS. Nationai Library of Medicine. MEDLINE is a registered trademark of the U.S. National Library of Medicine.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.Uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
15/735,130 12/08/2017 1767 1620 GBL0007/US 18 1
CONFIRMATION NO. 7101
33072 CORRECTED FILING RECEIPT
KAGAN BINDER, PLLC
SUITE 200, MAPLE ISLAND BUILDING RO AL S ACmArCR

221 MAIN STREET NORTH
STILLWATER, MN 55082
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.

Inventor(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.

page 1 of 3
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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 AlA (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 USPTO 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-HALT (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).

SelectUSA

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 Sullaj-s'l'g(tsa)l in

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 Sullaj-s'l';(tsa)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 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 .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
297603
1 Issue Fee Payment (PTO-85B) GBLO007US_Issue_Fee.pdf no 1
80f2dbd 1b1fb615e227e0e21f7a15084e494
c76c
Warnings:
Information:
30014
2 Fee Worksheet (SB06) fee-info.pdf no 2
4e40642dec0d cc86f1d6acaabb3f005b4f1 31
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 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 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
15/735,130 09/24/2019 10421876 GBLO0007/US 7101
33072 7590 09/04/2019

KAGAN BINDER, PLLC

SUITE 200, MAPLE ISLAND BUILDING
221 MAIN STREET NORTH
STILLWATER, MN 55082

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)

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, UNITED KINGDOM

Delwyn EVANS, Abingdon, UNITED KINGDOM,;

Angeliki SIOKOU, Abingdon, UNITED KINGDOM;

Clive TELFORD, Abingdon, UNITED 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.

TR103 (Rev. 10/09)
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