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A coating of an object

Field of technology

The invention relates to coatings of an object. The object can be any object which is
desired to be coated like camera lenses, the cover glass or front glass of a solar cell,
the cover glass or front glass of a solar module, the cover glass or front glass of a solar
panel, window glass, wind shield glass in cars or other transport, glass or plastic
covering devices or dashboards, display glass, a microfluidic component like a channel
or a capillary, photonic waveguides, plastic parts, packaged or unpackaged integrated
circuits, photodetectors, unpackaged or protected electronic or optoelectronic devices
like unpackaged photodetectors, finished electronic goods like watches or parts of
them, Fresnel lenses, axicons, gratings etc. Especially the invention relates to a grass-

like alumina coating, which is a relatively new coating.

Prior art

It is known to make a coating on an object like a camera lens in order to achieve
water-repellent properties. Water-repellent coatings can be useful for many
applications such as corrosion protection in metal parts or non-wetting glass. Often
water-repellent or hydrophobic surfaces are fabricated by constructing a high-surface

area substrate and coating this with a low-surface energy coating.

A grass-like alumina coating is a relatively new coating, that functions as an optical
antireflection coating with broadband and omnidirectional optical transmittance. The
grass-like alumina is made by atomic layer deposition (ALD) technique and subsequent
immersion into hot water. The fabrication of the grass-like alumina has been published
in 2017.

It is also known to use a sol-gel method for fabricating a hydrophobic alumina
coating. The coating produced by the sol-gel method differs from the grass-like alumina

deposited by ALD, for example having a different composition of the initial alumina.
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Further, the coating of the sol-gel method is not so conformal as the grass-like alumina
coating. and the sol-gel process is often limited by the necessity for high temperatures

during the coating thus damaging many objects or materials.

Although, the current coatings provide good properties, improvements of the

coatings are seeked.

Short description

The object of the invention is to improve the coating properties. The object is
achieved in a way described in the independent claims. Dependent claims illustrate

different embodiments of the invention.

The coating of an object according to the invention comprises antireflection layer of
a grass-like alumina made by atomic layer deposition technique and subsequent hot
water immersion. The grass-like alumina antireflection coating has good broadband
and omnidirectional transmittance. The coating also comprises at least one coating
layer on the layer of a grass-like alumina, an uppermost coating layer being a low-
surface energy coating. The uppermost coating layer can be plasma enhanced
chemical vapour deposition coated fluoropolymer or parylene. The upper most coating
layer can be any low surface energy coating. The finished coating is hydrophobic or
superhydrophobic depending on the processing. The coating can also have high
broadband optical transmittance depending on the number and type of intermediate

coating layers, and depending on the type and thickness of the uppermost coating.

List of figures

In the following, the invention is described in more detail by reference to the

enclosed drawings, where

Figure 1 illustrates an example of a coating according to the invention.
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Description of the invention

Figure 1 illustrates an example of a coating according to the invention. Figure 1 is a
SEM (scanning electron microscopy) image of the cross section of an object coated
with the coating according to the invention. An object 1, for example a lens, has been
coated by a grass-like alumina 2 using atomic layer deposition and hot water
immersion. Atomic layer deposition (ALD) is a film deposition technique wherein the
film is thin. The ALD technique is based on the sequential use of a gas phase chemical
process. As said above the ALD technigue combined with subsequent immersion into
hot water can be used to perform the grass-like alumina 2 providing certain features.
As can be seen the grass-like alumina has high surface area providing roughness that

is advantageous in view of water-repellent properties.

The topography of the grass-like alumina layer is also unique and advantageous in
order to have very good antireflection features specifically very good broadband

transmittance and omnidirectional transmittance.

The coating of figure 1 comprises also a coating layer 3 on the grass-like alumina 2,
where coating layer 3 is a low-surface energy coating. Together the low-surface energy
coating and the grass-like alumina provides very good water-repellent and hydrophobic
properties, much better than either alone. In this text the inventive coating is also called
hydrophobic alumina nanograss (HAN). It can be also noted in figure 1 that the coating

is very conformal.

So, the grass-like alumina alone or the uppermost coating alone does not need to
provide water repellent or hydrophobic properties. However, the inventive combination
provides these properties, in other words the combination of a coating having high
roughness and a coating having low surface energy provides very good water repellent

and/or hydrophobic properties.

Surface energy quantifies the disruption of intermolecular bonds that occur when a
surface is created. The molecular force of attraction between different materials
determinates their adhesion. Low surface energy means weak attractive forces and
high surface energy means strong attractive forces. So, in practice contact angle
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measurements can be used to determine the surface energy. Here a water drop is
placed on the surface of a material. The contact angle is O degrees when the water
completely wets the substrate. (The drop is flat.) If the angle is 180 degrees, the liquid
does not wet the substrate at all. (The drop has only one contact point with the
material.) So, the low surface energy means higher contact angles. The water contact
angle of the inventive coating is higher than 90 degrees and can be at range 172 — 176
degrees, but the range can also be largeri.e. 172 degrees or more. The water contact

angle depends on an inventive application produced.

Since the water angle must be at least 150 degrees in order to have
superhydrophobic surface, the invention can also provide a superhydrophobic coating.
The nanoscale roughness of grass-like alumina gives grass-like alumina a very high
surface area which produces good water repellent properties when coated with a low
surface energy coating. By adding the low-surface energy coating that suits with the
grass-like alumina the hydrophobicity features are also obtained in such a way that
said hydrophobic coating (HAN) is achieved. So, the grass-like alumina and the low-
surface energy coating together provides very good water-repellent and hydrophobic

properties, much better than either alone.

HAN can be deposited on any surface where the grass-like alumina can be made
and which then can be coated with the low surface energy coating. The grass-like
alumina is known to have excellent conformality. Such conformality is very beneficial
in applications where the object to be coated has complex topography. So, the coating
can be deposited on all surfaces regardless of shape, for example Fresnel lenses,
axicons, gratings, curved camera lenses etc. Conformal deposition enables massive
scalability, so hundreds of components of any shape can be coated simultaneously.
So, the HAN can also be conformal depending on the process how it is made. So,
processes of making the uppermost layer and possible intermediate layers affect the
conformality properties.

The HAN has excellent hydrophobicity, even superhydrophobicity or
ultrahydrophobicity, depending on how the grass-like alumina was made. The low

surface energy coating can be made from any suitable material that suits well to be
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used with the grass-like alumina. For example plasma enhanced chemical vapour
deposition (PECVD) coated fluoropolymer can be used. In this embodiment CHF3
plasma can be used. PECVD complements the grass-like alumina process well as it
enables as low or lower temperatures as the grass-like alumina process, thus enabling
temperature sensitive materials to be coated. Another example of the low surface
energy coating is parylene, like parylene-C, which can be deposited at low
temperatures extremely conformally like the initial grass-like alumina. Further
examples of the low surface energy coatings are low surface energy self-assembled

monolayers, fluorocarbon layers, silane layers, or branched hydrocarbon layers.

The HAN is typically extremely transparent, as typically all the layers have high
transparency It can be manufactured in a low temperature process, so the process of
manufacturing the HAN differs from known processes (like temperatures, precursors
and parameters). The process temperature for depositing the initial ALD alumina for
making the grass-like alumina can be 120 degrees Celsius. However even room
temperature is possible for the process.

The HAN is also versatile as it can be deposited on materials where atomic layer
deposition (ALD) alumina can be deposited. The deposition on any suitable object is
possible. The material of the object can be for example glass, metals or plastics like
PS, PP, PMMA, PE, or PVC. When the grass-like alumina and the subsequent low-
surface energy coating are fabricated the result is hydrophobic or even

superhydrophobic. The topography of the HAN also differs from known coatings.

The grass-like alumina as such has very good omnidirectional broadband
transmission properties and antireflection properties. For example, the anti-reflective
properties of the HAN coating is good for any transparent solid materials with refractive

index of in range 1,4-1,8, for example about 1,5.

The suitable low surface energy coating on the grass-like alumina (in other words
the HAN coating) does not decrease, transparency, antireflection and transmission
properties in applications of the invention. However, some applications may have a

minor decrease of transparency, antireflection and/or transmission properties if
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designed that way, like having several intermediate layers for achieving other

properties, for example durability.

HAN can in some instances be prepared such, that there is an intermediate coating
or coatings between the grass-like alumina and the low surface-energy coating, the
function of this intermediate coating depends on the specific embodiment, but can for
example be used to modify adhesion of the grass-like alumina or change the surface
topography by coating the grass-like alumina. An example of such an intermediate
coating is a thin titania layer deposited with atomic layer deposition, a nanolaminate of
alumina and titania, or SiO,. SiO, can be deposed by ALD. An additional chemical

stability and extra stiffness is achieved.

It is evident from the above that the invention is not limited to the embodiments
described in this text but can be implemented in many other different embodiments

within the scope of the independent claim.
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Claims

1. A coating of an object, which coating comprises a transparent layer of a grass-
like alumina made by atomic layer deposition technique and subsequent immersion to
hot water, characterised in that the coating also comprises at least one coating layer
on the layer of a grass-like alumina, an uppermost coating layer being a low-surface
energy coating, the coating being transparent and also being hydrophobic or
superhydrophobic.

2. A coating of an object according to Claim 1, characterised in that the coating is
a high broadband and omnidirectional optical transmittance antireflection coating.

3. A coating of an object according to Claim 1 or 2, characterised in that the
uppermost coating layer is plasma enhanced chemical vapour deposition coated
fluoropolymer or parylene.

4. A coating of an object according to Claim 3, characterised in that the said
parylene is parylene-C.

5. A coating of an object according to Claim 1, 2, 3 or 4, characterised in that the
coating is conformal.

6. A coating of an object according to Claim 1, 2, 3, 4 or 5, characterised in that the
water contact angle of the coating is 90 degrees or more.

7. A coating of an object according to Claim 1, 2, 3, 4 or 5, characterised in that the
water contact angle of the coating is 172 — 176 degrees.

8. A coating of an object according to Claim 1, 2, 3, 4, 5, 6 or 7, characterised in
that the between the uppermost layer of the low-surface energy coating and the grass-
like alumina there is a titania layer deposited by atomic layer deposition.

9. A coating of an object according to Claim 1, 2, 3, 4, 5, 6 or 7, characterised in
that the between the uppermost layer of the low-surface energy coating and the grass-
like alumina there is a layer of a nanolaminate of alumina and titania.

10. A coating of an object according to Claim 1, 2, 3, 4, 5, 6 or 7, characterised in
that the between the uppermost layer of the low-surface energy coating and the grass-

like alumina there is a SiO- layer deposited by atomic layer deposition.



WO 2019/073111 PCT/F12018/050706

171

FIG. 1



INTERNATIONAL SEARCH REPORT International application No.

PCT/FI12018/050706

A. CLASSIFICATION OF SUBJECT MATTER
See extra sheet

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)

IPC: G02B, B32B, C23C, B82Y

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

FI, SE, NO, DK

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

EPODOC, EPO-Internal full-text databases, Full-text translation databases from Asian languages, WPIAP,
XPESP, INSPEC, CAPLUS, COMPDX, PRH-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A Tadanaga, K. et al., J. Am. Ceram. Soc., January 1997, vol. 80, pp. 1-10
1040-1042.

introduction, experimental

A Zhang, X. et al., J. Eur. Ceram. Soc., April 2008, vol. 28, pp. 2177-2181. 1-10
introduction, experimental

A Celia, E. et al., J. Colloid Interface Sci., April 2013, vol. 402, pp. 1-18. 1-10
chapter 2.4
A US 2015111063 A1 (KHAN SAMI [US] et al.) 23 April 2015 (23.04.2015) 1-10

paragraphs [0162]-[0164]; claims 1, 13, 14 and 19; fig. 16

A Kauppinen, C. et al., ACS Appl. Mater. Interfaces, April 2017, vol. 9, pp. 1-10
15038-15043.
introduction

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

* Special categories of cited documents: "T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A"  document defining the general state of the art which is not considered T ¢ - ‘
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 step
"L"  document which may throw doubts on priority claim(s) or which when the document is taken alone
is cited to establish the publication date of another citation or other "y document of particular relevance; the claimed invention cannot
special reason (as specified) be considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
"pP"  document published prior to the international filing date but later than being obvious to a person skilled in the art
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
04 January 2019 (04.01.2019) 08 January 2019 (08.01.2019)
Name and mailing address of the ISA/FI Authorized officer
Finnish Patent and Registration Office Kristina Uusi-Esko
FI-00091 PRH, FINLAND
Facsimile No. +358 29 509 5328 Telephone No. +358 29 509 5000

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/FI12018/050706

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

page 1, lines 18-24 of the machine translation

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A CN 104698512 A (TOKYO ELECTRON LTD) 10 June 2015 (10.06.2015) 1-10
& abstract [online] EPOQUENET EPODOC & WPI & machine translation
into English by EPO
A WO 2011048794 A2 (CANON KK [JP]) 28 April 2011 (28.04.2011) 1-10

Form PCT/ISA/210 (continuation of second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.
Information on Patent Family Members

PCT/FI2018/050706
Patent document Publication Patent family members(s) Publication
cited in search report date date
US 2015111063 A1 23/04/2015 US 2013251942 A1 26/09/2013
CN 104698512 A 10/06/2015 CN 104698512 B 01/09/2017
JP 2015114381 A 22/06/2015
KR 20150067057 A 17/06/2015
KR 101833586 B1 28/02/2018
TW 201534956 A 16/09/2015
TW1632392 B 11/08/2018
WO 2011048794 A2 28/04/2011 JP 2011090225 A 06/05/2011
JP 5511307 B2 04/06/2014
US 2012212827 A1 23/08/2012
US 9126860 B2 08/09/2015

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/FI12018/050706

CLASSIFICATION OF SUBJECT MATTER

IPC

G02B 1/111 (2015.01)
B32B 18/00 (2006.01
B32B 27/32 (2006.01
B32B 27/30 (2006.01
C23C 16/455 (2006.01)
C23C 16/56 2006 01
C23C 16/40 (2006.01
B82Y 20/00 (2011.01
B82Y 40/00 (2011.01

Form PCT/ISA/210 (extra sheet)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - claims
	Page 10 - drawings
	Page 11 - wo-search-report
	Page 12 - wo-search-report
	Page 13 - wo-search-report
	Page 14 - wo-search-report

