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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document‘may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This| document was prepared by Technical ‘\Committee ISO/TC 20, Aircraft and spqce vehicles,
Subcpmmittee SC 14, Space systems and operations.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Introduction

This document describes technical information for the selection and application of atomic oxygen
protective coatings as required to confirm conformity with the requirements for the protection of

polyimide fi

Im.

Satellites in low Earth orbit are bombarded by high-energy radiation particles and gas particles such
as atomic oxygen (AO). In particular, AO corrodes certain materials, thereby weakening a spacecraft’s
exterior and potentially damaging its instruments. Polymers are significantly eroded.

Polyimide fj
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nce to AO. Therefore, polyimide is often coated with an additional protective ¢eatin
o AO. Such films have unique characteristics that are relevant for different applicat
bnt summarizes the coating properties, as well as a comparison or consideration of the
selection.

ent provides a property map of the types of AO protective coatings avatlable to space
hd thermal control film manufacturers. It enhances coating selection, indicates sele
nd improves the reliability of spacecraft.

ts for coating properties and quality control are also defined, so as to eliminate defe
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Space systems — Thermal control coatings for spacecraft
— Atomic oxygen protective coatings on polyimide film

1 Scope

This document defines the general requirements for atomic oxygen (AO) protective coatings that

are

poly
test

mide films such as indium tin oxide (ITO), SiO,, germanium, and silicone, property m
ethods, and selection guidelines.

2 Normative references

The
cons
undg

ISO 1
ISO 2
AST]

AST]
Outg

AST]
ECSS

3.1

Fort
[SO 4
— 1
— 1

following documents are referred to in the text in such a way that some or all of t
Fitutes requirements of this document. For dated references, only)the edition cited
ted references, the latest edition of the referenced document (in¢luding any amendme

6378, Space systems — Measurements of thermo-optical propérties of thermal control m
7025:2010, Space systems — Programme management << Quality assurance requiremen
I D257, Standard Test Methods for DC Resistance or €onductance of Insulating Materials

I ES95, Standard Test Method for Total Mass Less and Collected Volatile Condensable M(
nssing in a Vacuum Environment

ps of coated
easurement

heir content
applies. For
hts) applies.

aterials

(s

iterials from

I E1559, Standard Test Method for Contamination Outgassing Characteristics of Spacecraft Materials

-ST-Q70-02, Thermal vacuum outgassing test for the screening of space materials

[erms, definitions and'abbreviated terms

Terms and definitions
he purposes of this document, the following terms and definitions apply.
nd IEC maintain terminology databases for use in standardization at the following adc

SO Online’browsing platform: available at https://www.iso.org/obp

EE Electropedia: available at https://www.electropedia.org/

Iresses:

3.1.1

atomic oxygen
oxygen molecules separated by ultraviolet light from the sun, which are main atmospheric constituents
in the range of about 200 km to 700 km

Note 1 to entry: As a spacecraft orbits the Earth at high speed, atomic oxygen can collide with the spacecraft's
surface at high speed and degrade the surface material.

3.1.2

coating
continuous layer formed from a single or multiple application of a coating material (3.1.3) to a substrate
(3.1.8)

[SOURCE: ISO 4618:2014, 2.50.1, modified — "continuous" has been added at the beginning.]

© ISO
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3.1.3
coating material

product, in liquid, paste or powder form, that, when applied to a substrate (3.1.8), forms a film possessing

protective and/or other specific properties

Note 1 to entry: Coating materials are often applied using a chemical or plasma vapour deposition process from

solid source materials. General types of AO protective coatings (3.1.2) are listed in Annex A.

: : , 2.51, modified — "layer" has been replaced by "film"; "decorative" after
SOURCE: ISO 4618:2014, 2.51 dified "1 " has b laced by "film"; "d ive" af
"protective" has been removed; the original note 1 to entry has been removed and replaced by a new

one.]

3.1.4
coating prdcess

process of gpplying a coating material (3.1.3) to a substrate (3.1.8), such as dipping, spraying, 1

coating (3.1{2), and brushing

Note 1 to entty: A chemical or plasma vapour deposition process is also commonly applied,

3.1.5
emittance
emissivity
£

E= M/Mb
where

M is tIe radiant exitance of a thermal radiator;

M, is the radiant exitance of a blackbody at the sameYemperature

Note 1 to entty: The following adjectives should be added-to define the conditions (see ISO 9288):

— total: when related to the entire spectrum of-thermal radiation (this designation can be consider

implicit)

— spectralfor monochromatic: when related to a spectral interval centred on wavelength A;

— hemisphlerical: when related to all directions along which a surface element can emit or receive radiati

— directioIal: when related to_.thel directions of propagation defined by a solid angle around the deg

direction;
— normal: when related to'the normal direction of propagation or incidence to the surface.
Note 2 to entfy: See ISO-80000-7: 2019, item 7-30.1.

3.1.6
polyimide

oller

ed as

pn.

fined

af 2 nolumarthat caontaine imida manamarc
OT T POty IItCT tIitt COTICa o IHIiro e It O TroTIIeT =4

generic na

P

9

3.1.7
solar absorptance
a

rasltio of the solar radiant flux absorbed by a material (or body) to the radiant flux of the incident

radiation
[SOURCE: ISO 16378:2013, 3.12, modified — Note 1 to entry has been removed.]

3.1.8
substrate
surface to which a coating material (3.1.3) is applied or is to be applied

[SOURCE: ISO 16691:2014, 3.1.14]
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3.1.9
witness sample
sample pieces that represent the coated product

Note 1 to entry: These samples are made in the form of flat plates using the same coating material (3.1.3) as used
with the product, and then coated simultaneously. They are used for destructive tests and testing that requires a
limited specimen size.

[SOURCE: I1SO 16691:2014, 3.1.17, modified — Note 1 to entry has been updated editorially.]

3.2 Abbreviated terms

This|document uses the following abbreviated terms:

AO atomic oxygen

CvCm collected volatile condensable materials
CVD chemical vapor deposition

EB electron beam

EMI electromagnetic interference

EOL end-of-life

ESH equivalent solar hours

ITO indium tin oxide

LEO low Earth orbit

MLI multi layer insulation

RF radio frequency

RML recoveréd mass loss

TML totalymass loss

uv yltraviolet

Vuv vacuum ultraviolet

4 Genéral requirements and recommendations

4.1 General

This clause defines the requirements and recommendations regarding the fundamental properties
of coated film. The related data and test methods are provided to the customer for spacecraft design.
Table 1 lists the general test provisions.

Table 1 — Overview of general test provisions

Tests Requirement Recommendation
Visual characteristics X
Coating thickness X
Thermo-optical properties X

© IS0 2021 - All rights reserved 3


https://standardsiso.com/api/?name=e8077cd49c0a82680e8922975c5755d5

ISO 23129

:2021(E)

Table 1 (continued)

Tests Requirement Recommendation

Thermal vacuum stability X

AO resistance X

UV resistance X

Radiation resistance X

Adhesion X

Volume resistance X

Surfaceresistanee X

Secondary electron emission X

yield

Photoelectron emission yield X

Thermal cycling X
4.2 Visudl characteristics
The coated |film as received by the customer shall be smooth, continuous, free from delaminption
within the ¢oating, uniform in appearance, and free from imperfections detrimental to usage df the
coated film.[Coated film shall be visually free from scratches, cracksSseparation and any unalloyable
discoloratiop. Annex D provides the guideline to a visual inspection.
4.3 Coating thickness
The coating|thickness range shall be provided. The thickness of AO protective coating shall be wjithin
the allowable range defined in the product specifications/ Excessive thickness would cause cracksjand/
or separation.
Base film with perforations is more vulnerable duie to coating failure around the holes. Coating shall be
applied on the section edge of a perforationto-prevent AO erosion. Annex B lists the typical valyes of
the general foating thickness of AO protective coatings.
4.4 Thermo-optical properties
The thermotoptical propertiescof-eoated film shall be submitted. Annex B lists the typical values qf the
general properties of AO protective coatings.
AO, UV, and| energetic particles can cause changes in thermo-optical properties. Any changes in the
thermo-optical propexties of coated film shall be measured when requested by project. AO proteftion

coating shalll not increase the magnitude of a change in base film properties.

4.5 Ther

ial vacuum stability

Effused gas from coated film under a vacuum condition shall be low. Annex B lists the typical values of
the general properties of AO protective coatings.

4.6 AO resistance

AO protective coating shall guard its base film up to a spacecraft’s EOL without any openings penetrating
the coating layer. Erosion of the base film due to cracks, separation, degradation and erosion of AO
protective coating shall not occur. Annex B lists the typical mass loss values after AO irradiation.

© ISO 2021 - All rights reserved
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UV resistance

Coated film applied to the outer surface of a spacecraft is subject to strong UV rays. Thermo-optical
properties are degraded by UV. The thermo-optical properties of AO protective coating should be
maintained within the allowable range. Annex B lists the typical thermo-optical properties after UV
irradiation.

4.8

Radiation resistance

Coated film is subject to protons and electrons. Thermo-optical properties are degraded by radiation.
The thermo-optical properties of AO protective coating should be maintained within the allowable

rang

4.9
AOp

4.10
AOp

Coat
char
spec

b, Annex B lists the typical thermo-optical properties after radiation exposure.

Adhesion

Volume resistance
Fotective coating should not increase volume resistance of the base film.

ed film that can have an adverse effect on spacecraft systems and hardware due to thd
hcteristics and properties shall be reviewed by EMI engiheering for conformity w
fications, and specifically approved for use on the program.

4.11| Surface resistance

Surf
typid

Coat
char
spec
4.12

Seco

4.13

Seco

4.14

al coated films.

bd film that can have an adverse effeet-on spacecraft systems and hardware due to th¢
hcteristics and properties shall be-reviewed by EMI engineering for conformity w
fications, and specifically approved for use on the program.

Secondary electronemission yield

hdary electron emission yield data should be provided to the customer when requeste

Photoelectron emission yield

hdary electron emission yield data should be provided to the customer when requeste

THermal cycling

Fotection coating should have no peeling after the tape stripping test as defined in Clagise 5.

bir electrical
th program

lce resistance data shall be provided to the distomer. Annex B lists the surface resistance values of

bir electrical
th program

=

Coat
the s

ed film should function in the temperature range of -190 °C to ¥200 °C, UNIess otherw
tandard for each coated film.

4.15 Repair/Retouch

ise stated in

When the coated film is repairable, the coating supplier shall provide the repair/retouch procedure.

4.16 Cleaning

Coated film shall be easy for cleaning. The coating supplier shall provide the cleaning procedure,

inclu

© ISO

ding compatible cleaning agent and prohibited chemicals.
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5 Test methods

5.1 General

Both reliability and quality are confirmed by testing in the production of AO protective coatings to be
applied on polyimide thermal control films.

In addition, the effects of the space environment largely depend on the spacecraft service conditions,
which are defined by the orbits where spacecraft are intended to operate. Especially for LEO spacecraft,
AO attacks and erodes the surface material of spacecraft. And there are also general factors that affect
spacecraft serviceability and efficiency, such as a vacuum, electromagnetic solar radiation (including

UVand VUV|
Therefore, s
and alternaf

5.2 Visud

Coated film

radiation), ionizing radiation, temperature, and the effects of a contaminated environ
Lch undesirable effects as electrostatic charging, generating a spacecraft outer atmaos
ing thermal loads can occur during operation.

l inspection

shall be subject to visual inspection with the naked eye and/or eléctronic magnifica

Witness sanpiples approved by the manufacturer shall be used for any required.eomparison. The san

shall be prej

The produc
provides thg

5.3 Coati

The thickne
coating thic

5.4 Ther

pared from the materials and processes that are used in spacecraft.

F is considered acceptable when there are no harmful disadvantages in its use. Anrj
guideline to a visual inspection.

ng thickness

ss of coated film or the coating itself shall be\controlled in the product process. Da

mo-optical properties
rmo-optical properties shall be(measured before and after space environment resisf
ements shall be performed on the samples according to ISO 16378. Another measure

may be applied with the ¢ustomer’s approval. The measurement method shall be recd
prted.

The samples used for themeasurement of thermo-optical properties shall be of the same batc

f the flight material.

1lysis 6f"Aa, and Ae of the coated film shall be performed through tests conduct
chaimmbers that simulate conditions of the space environment. Note that measureme

i

kness and its measurement method shall be @rovided to the customer when requested,

ent.
ere,

tion.
hples

[a Oon

ance

ment
rded

h/lot

rmo-optical properties at EOL are estimated by testing and analysis. The measurenpents

bd in
ts of

properties and related changes due to exposure to the space environment in a vacuuy

n are

le.

ag, is the solar absorptance before test;

ag, is the solar absorptance after test.

a) The the
tests.

b) Measur
method
and rep

c)
as that

d) The the
and ang
special
optical
prefera
Aa’s =0~ Qg

where

6
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Ae=¢;-¢

where

€o

&1

is the emittance before test;

is the emittance after test.

5.5

)\

b)

q

5.6

5.6.1

The
squa
recol

Chan
prop
loss i

NOTH
and d

5.6.2

The
is de
The

gccording to ASTM E1559 or ECSS-ST-Q70-02.

Tl 1 talailiie
I IIdI vadaltuulll stauliiity

easurements shall be performed on the samples according to ASTM E595 or(EESS
nother measurement method may be applied with the customer’s approval: The m
ethod shall be recorded and reported.

NOTE Thermal vacuum stability criteria depend on contamination requairements. The
lepend on the spacecraft design and the impact of outgassing to sensitiyve,equipment aboa
sensors, solar array, optics, etc.).

[Vhen numerical contamination analysis is required, the outgassing rate shall b

AO resistance

Product qualification test

\O irradiation test shall be performed. The@oated film shall be irradiated by 1 x 104
re centimetre of AO fluence. AO flux, fluence, and type of test apparatus shall be m{
rded.

erties are assessed as required. Fhe coated film is considered acceptable when the me
s less than 100 pg/cm?2.

These quantitative parameters in the test are defined from space environment model, i

Life estimation test

AO irradiation test should be performed. The amount of atomic oxygen received by
termined by the orbital altitude, expected lifetime, attitude, and geometry of the
Coated film should be irradiated by the estimated AO fluence. AO flux, fluence, and

appal

prop

5.7

-ST-Q70-02.
easurement

requirements
rd spacecraft

b measured

1 atoms per
pasured and

ges in the mass and thermo-optical’ properties of the tested specimen shall be evalgated. Other

hsured mass

[s calculation

emonstration performance. This provides minimum screening criteria for materials in space yse.

h spacecraft
spacecraft.
type of test

erties are assessed as required.

UV resistance

5.7.1 Product qualification test

atas ‘shall be measured and recorded.
ChanLﬁhﬁ—#Wm—rm‘b—rges in the mass an ermo-optical properties of the tested Specimen shou ¢ evatuated. Other

The UV irradiation test should be performed. The coated film shall be irradiated by 1 200 ESH of UV
fluence. UV flux and fluence shall be measured and recorded.

© ISO
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Changes in the mass and thermo-optical properties of the tested specimen shall be evaluated. Other
properties are assessed as required. The coated film is considered acceptable when the measured

change of solar absorptance is less than 0,05.

NOTE

tolerance materials.

5.7.2 Life

estimation test

These quantitative parameters in the test are defined for screening test of distinguishing low

The UV irradiation test should be performed. The amount of UV received by a spacecraft is determined
by the orbital altitude, expected lifetime, attitude, and geometry of the spacecraft. The coated film

should be ir
shall be rec(

Changes in {
are assesse(

5.8 Radig

5.8.1 Pro

adiated by the estimated UV fiuence. When the UV fiuence 15 defined, the wavelength
rded. UV flux, fluence, and acceleration ratio shall be measured and recorded.

he thermo-optical properties of the tested specimen should be evaluated. Otherlpropd
| as required.

)ition resistance

duct qualification test

The electro|

1 x 10° Gy of electron beam fluence. Electron beam flux and dose shall be measured and recorded.

Changes in the mass and thermo-optical properties of the tested’specimen shall be evaluated. (

properties

change of sglar absorptance is less than 0,05.

NOTE
tolerance ma

5.8.2 Life

The electroy
by the orbit
by the estin
should be m

Changes in {
are assesse(

5.9 Adhe

Adhesion of]
tests primai

These quantitative parameters in the test are.defined for screening test of distinguishin

beam irradiation test should be performed. The coated film shall be irradiate

re assessed as required. The coated film is conSidered acceptable when the meag

ferials.

estimation test

| beam irradiation test should be performed. The dose received by a spacecraftis detern;
al altitude and expected lifetime of the spacecraft. The coated film should be irrad
jated electron beam doseXElectron beam flux, dose, acceleration ratio, and particle er]
easured and recorded.

he thermo-opticalproperties of the tested specimen should be evaluated. Other propg
| as required.

sion

AQ,protective coating on the base film is determined by preferably using the tape strij
ily-performed on a witness sample. Other adhesion tests are also permissible.

ange

rties

d by

ther
ured

r low

1ined
jated

ergy

rties

ping

The test spe

cimen shall be of the same batch/lot as that of the coated film for flight.

After firmly adhering the cellulose tape (adhesive force = 2 N / 10 mm) to the coated surface, pull the

tape straigh

t up with a certain force to peel it off from the coated surface.

Examples of cellulose tape includel):

CT-18 (Nichiban Co., Ltd.)
Scotch Tape 600 A-A-113 (3M)

1) These are examples of suitable products available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of these products.

8
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The actual way to peel off the tape is stipulated in ISO 2409 or ASTM D3359 APPENDIX without
application of cuts.

5.10 Volume resistance

The electrical volume resistivity of coated film should be measured using measuring probes and an
appropriate voltage or resistance meter. The samples should be at least 25 mm x 50 mm in size.

The probes should have high conductivity and provide good electrical contact on the entire contact
surface with the sample, and should not interfere with the proper measurement of resistance of the

sample under test.

Resis
and i

tance measurements are performed using measuring devices that have the requir

applied test voltage. Measurement shall be performed under a vacuum condition.

The 1
to prf
char
Char
resis
this {
maty

measurements shall be performed according to ASTM D257. When charging analysis i
edict on-orbit charging condition, it is very important to acquire data about a time de
bing decay of material. In this purpose, materials data can be measuted by charge stor
oe storage method irradiates electron beam on material samplé/in vacuum cham
tance is calculated using decay time constant immediately afterEB irradiation term
est method has not been standardized, test conditions and parameters should be decid
re agreement of test requester and conductor.

5.11| Surface resistance

The
appr
The

surfa
samy

Resis
and i

blectrical surface resistance of coated film should be measured using measuring pr
bpriate voltage or resistance meter. The samples should be at least 25 mm x 50 mm in

probes should have high conductivity and' provide good electrical contact on the ern
ce with the sample, and should not interfere with the proper measurement of resis
le under test.

tance measurements are performed using measuring devices that have the requir

appli
The

5.12

The {
The |
colle
and {

d test voltage. Measurement shall be performed under a vacuum condition.

easurements shall be)performed according to ASTM D257.

Secondary electron emission yield

econdary.electron emission yield of coated film should be measured using a pulsed elg
beam wasJrradiated to the sample, and the current flowing to the sample and that fl
ctor, éovering the sample were both measured. Here, -300 V and -250 V are applied tq
he collector, respectively. When the sample is an insulator, the measurement position i

ever}

14 pn]cn ofthe electron beam

ed accuracy

hbility to perform measurements within a preset range, and which allow smooth.regullation of the

5 performed
pendence of
age method.
per. Volume
nates. Since
ed based on

bbes and an
Size.

tire contact
tance of the

ed accuracy

hbility to perform measurements within a preset range, and which allow smooth reguflation of the

[

ctron beam.
wing to the

the sample
5 changed at

5.13 Photoelectron emission yield

For the photoelectron emission coefficient, vacuum ultraviolet rays should be irradiated to the sample
in pulses and the electron current emitted from the sample was measured. A wavelength selection filter
was placed between the ultraviolet light source and the sample; and quantum efficiency was fitted from
the photoelectron current curve obtained from each wavelength region.
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5.14 Thermal cycling (influence of temperatures)

The thermal cycling test should be performed. Coated film shall function under the following conditions,
unless otherwise stated in the standard for each coated film.

a) -190°C

b) -65°Ct

to +200 °C, 200 cycles
0 +150 °C, 1 000 cycles

If the coated film is sensitive to oxidation reactions, it is desired to test under vacuum.

NOTE
tolerance ma

The measur
well as temy

These quantitative parameters in the test are defined for screening test of distinguishing low

ferials.

ement of coated film durability to determine the influence of high and low tempetatar

correct environmental conditions.

Tests are pe
tested speci

5.15 Repa

Repair and
supplier. Pr
witness sanf

rformed on witness samples. Changes in the thermo-optical properties and adhesion
men shall be evaluated. Other properties are assessed as required.

ir /Retouch

retouch should be performed according to adequate documents issued by the co
or to repairing or retouching the coated film for flight, repair shall be simulated us
ple.

ES, As

erature cycling, shall be performed in a special climatic chamber capable of simulatinig the

fthe

ating
ing a

5.16 Cleaning

Cleaning shall be performed according to adequate doctiments issued by the coating supplier. Prior to

cleaning the coated film for flight, cleaning shall be simulated using a witness sample.

6 Requirements and recommendations for application

6.1 Consideration for usage

a) AO protective coating shall haye adhesion with the base film to which it is applied and be suitable
for the intended use.

b) AO profective coating stiould be applied using any regulated method described in the coating’s
normatjve document;

c) Defectsfare described in materials’ or application standards, or as specified in design documentdtion.

d) When assémbling, manufacturing, marking, and during packing operations, the coated film |shall
not be tbuehed and handled with bare hands. Lint-free clean cotton or powder-free surgical gloves
shall be used.

When touched or handled with protected hands, the coated film shall not move against the coated
surfaces.

e) Coating process requirements (regarding the method of application, work area, and safety
measures) should be defined by the coating material supplier. All parameters that define the
process requirements shall be properly controlled and monitored.

f) Failure modes: scratches, cracks, separations, chips, dirt, and uncoated spots during ground
operations.

NOTE General coatings selection guideline is shown in Annex C.
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Causes include assembly, transportation, wrapping, unwrapping, atmospheric conditions. When these
defects are repairable, the repair procedures recommended by the appropriate coating supplier shall
be followed.

6.2
a)

Identification

Coated films shall be labelled.

b) The label shall contain all the information to identify unambiguously the coated film according to

6.3

Protgctors are to protect coated film from damage and contamination during assembly,

and

The

requfrements of design documentation and by taking into consideration-each material’s t
nornjative document.

Coatgd film protection materials are applied, used, and removedyin accordance with
described in appropriate design documentation.

6.4
a)

b)

d)

the normative documentation.

Protectors

fransportation.

Packing

[oated film should be adequately packed for.(protection against damage and
fransportation and storage.

The type of package is chosen in accordance“wvith the size and shape of the product t
laking into consideration the materials and components of the product.

The type of package should be specified in the product specifications.

Production program of ‘quality assurance

General

The person/organization responsible for application of the film coating should have
quality management system, such as one with ISO 9001 certification.

The supplier~should be requested to identify the production processes and actions t
influence™on the properties of the components that are used to manufacture film
ghould;also provide adequate monitoring of these processes and actions.

installation,

properties of applicable coated film protection materials are defined’in accordangce with the

bchnological

the process

dirt during

b be packed,

hn adequate

hat exert an
roating, and

The’basic processes and actions for which appropriate procedures should be devel

pped are as

follows:

1) incoming inspection (identification) of raw materials and components;
2) storage of raw materials and components;

3) production of film coating in working conditions;

4) test methods of the finished products;

5) marking, packing.

Certification: consumers should conduct the incoming inspection of coating to check whether the

necessary indicators are in conformity with the certificate of the product.

© IS0 2021 - All rights reserved
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7.2 Changes and revisions

Documents regarding as coated film production program of quality assurance shall be controlled

according to

[SO 27025:2010, 5.1.

7.3 Record of changes

All changes and revisions should be registered in the record of changes that includes the following:

a) thenum

3 H £l £ |
b) the deSlIguatluu of-tireconfrmrator Y croctmrentt;

c) the datg
d) the nunj
e) the nanj

Depending ¢

ber of changes of the given copy;

of change of the given copy;
bers of pages (changed, new and annulled);
e and signature of the person responsible for making the changes.

n the project phase, a Non-Conformance Review Board (NRB) shall be/convened.
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Annex A
(informative)

Types of coatings

ITO (indium tin oxide)

ITO{
of A(
but d

A2

Si0,
for tl

applied by the CVD process.

A3

A ge
stati
suns
store

A4

Organo-silsesquioxane (SQ) can provide a transparent organo-SiO; s coating. By AO irradi

(x>
AOe

applied by the UV curable-wet coating process.

A5

Silicd
form|
AOe

rovides a transparent oxide coating having high electrical conductivity. Itis utilized for
protection and electrostatic charging mitigation. ITO coating slightly increases-the 3
oes not change the emittance of its base film. ITO is usually applied by the CVD, procesg

Si0

X

Can provide a transparent coating. The typical SiO, coating is mostly.composed of SiO,.
ne purpose of AO protection. SiO, coating increases the emittasiee of its base film. Si

Germanium

‘manium coating provides a gray coating. Its mederate surface resistance is utilized
C charge. Since a germanium coating is transparent in the RF spectrum, it is often

d in a moisture-free environment.
Silsesquioxane (SQ)

,5) layer is formed on the-outermost surface of the SQ layer. The SiO, layer protects t
rosion. The SQ coating barely changes the absorptance and emittance of the base film. §

Silicone

nes canprovide a transparent coating resistant to AO. Under AO irradiation, silico
SiO, layer on the outermost surface of the silicone coating. The SiO, layer protects tl
rosionzSilicone can be applied by spray gun pulverisation, then cured at 200 °C during

the purpose
bsorptance,
S.

Itis utilized
D, is usually

to mitigate
ised for the

hields of RF antennae. Given its poor adhesion under humidity, germanium-coated film shall be

ation, a Si0,
he film from
5Q is usually

ne reacts to
ne film from
1h.

A.6

Metal alloy

A metal alloy, such as silicon aluminum alloy coating provides a gray coating. It has the same optical
and electrical properties as germanium, but increased resistance to corrosion.
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Annex B
(informative)

General properties of atomic oxygen protective coatings

Table B.1 lists general properties of the atomic oxygen protective coatings in Annex A.

Table B.1 — General properties of atomic oxygen protective coatings

Properties | Test method | Test condition | Unit Typical values
ITO Sio, Germanium Silsesquioxane Silicohe Metal plloy
Visual charac- Visual - - Trans- Trans- Gray Transparent Transpar- Gray
teristics parent parent ent
Coating thick- | | Process control - nm <10 100 50to 175 1000 5000 to 50 to| 60
ness 15000
Solar ab- 1SO 16378 On 25 pm thick - <0,45 <04 <0,5 <0,3 <0,39 <05
sorptance: a; Kapton® HN3,
aluminized on
one side
Infra-red emit- 1SO 16378 On 25 um thick - >0,6 >0,7 >0,6 >0,7 >0,79 >0J8
tance: g, Kapton® HN?,
aluminized on
one side
Electrical sur- ASTM D257 Parallel or
face resistance circle contact
with two
probes that | 0/ <104 | <108 <100 <1016 =100 <1(p
are each one | square - - - - -
inch wide and
are placed six
inches apart
Thermal vacuuny | ASTM E595b TML % <7 <0,7 <1,5 <09 <0,29d <03
stability ECSS-ST-070
(;ZCLQ . CVCM % 0,002 0,002 0,01 0,002 0,02 0,098
Adhesion 1SO 2409¢ Stripping with S No No No change No change No change | No chgnge
ASTM D3359¢ | Scotch tape? change | change
Rubbing 20
Rubbing resist- cycles with No No
ance 80 g/cm? force No chiange - change | change No change No change No change | No chdnge
on gauze
Thermal cycling =190°C/+200°C, No No No change No change No change | No ch3ange
200 cycles change | change
21
AO resistance 110 a;"ms/
cm
Aa <0,01 <0,01 <0,01 <0,01 <0,02 <0,01
Ae <0,05 0 <0,01 <0,01 0 <0,01
107=%
Erosion yield® cm3/ 0,01 <0,0008 0,01 0,05 0,01 0,01
atom
UV resistance 50 ESD
Aa <0,1 <0,1 <0,1 <0,1 <0,1 <0,1
Ae <0,05 <0,05 <0,05 <0,05 <0,05 <0,05
Radiation resist- 1x 106 Gy
ance
a These are examples of suitable products available commercially. This information is given for the convenience of users of this document and

does not constitute an endorsement by ISO of these products.
b These standards are equivalent.
¢ These standards are equivalent.

d  Thisis the value of RML.

e Erosion yield is also called erosion coefficient.

14 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=e8077cd49c0a82680e8922975c5755d5

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms, definitions and abbreviated terms
	3.1 Terms and definitions
	3.2 Abbreviated terms
	4 General requirements and recommendations
	4.1 General
	4.2 Visual characteristics
	4.3 Coating thickness
	4.4 Thermo-optical properties
	4.5 Thermal vacuum stability
	4.6 AO resistance
	4.7 UV resistance
	4.8 Radiation resistance
	4.9 Adhesion
	4.10 Volume resistance
	4.11 Surface resistance
	4.12 Secondary electron emission yield
	4.13 Photoelectron emission yield
	4.14 Thermal cycling
	4.15 Repair/Retouch
	4.16 Cleaning
	5 Test methods
	5.1 General
	5.2 Visual inspection
	5.3 Coating thickness
	5.4 Thermo-optical properties
	5.5 Thermal vacuum stability
	5.6 AO resistance
	5.6.1 Product qualification test
	5.6.2 Life estimation test
	5.7 UV resistance
	5.7.1 Product qualification test
	5.7.2 Life estimation test
	5.8 Radiation resistance
	5.8.1 Product qualification test
	5.8.2 Life estimation test
	5.9 Adhesion
	5.10 Volume resistance
	5.11 Surface resistance
	5.12 Secondary electron emission yield
	5.13 Photoelectron emission yield
	5.14 Thermal cycling (influence of temperatures)
	5.15 Repair/Retouch
	5.16 Cleaning
	6 Requirements and recommendations for application
	6.1 Consideration for usage
	6.2 Identification
	6.3 Protectors
	6.4 Packing
	7 Production program of quality assurance
	7.1 General
	7.2 Changes and revisions
	7.3 Record of changes
	Annex A (informative)  Types of coatings
	Annex B (informative)  General properties of atomic oxygen protective coatings
	Annex C (informative)  Coatings selection guideline
	Annex D (informative)  Visual characteristics guideline
	Bibliography

