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Why Contamination Control?
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Contamination has caused alarge number of problems with satellites including:

*Degradation of satellite power
*Degradation of thermal control surfaces
Electro-static discharge effects
sDegradation of optical systems
*Noisein electrical contacts

Failure of precision mechanisms

Hence we must understand what the contaminants are, how much contamination we
have and how the contamination will effect the functioning of the satellite or satellite
subsystem

Furthermore, once a satellite islaunched it is usually impossible to repair in orbit.
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Contamination Sources
Definition:
“Any unwanted molecular or particulate matter on, or in a material, component, or
Environment, that can lead to a degradation in the functional performance of the

material or component or environment”

People/Clothiﬂg/
Materials

Working Activities/Soldering Vacuum Testing
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Human Contamination
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Common Particul ate Contaminan

Contaminant Type Size (Um)
Human hair 70-100
Human skin flakes 0.4-10
Pollen 5-100
Mold 2-20
Smoke 0.01-1
House dust 0.05-100
Bacteria 0.25-10

Sizes of a number of common cleanroom contaminants

Activity Rate (>0.3um/min)
Motionless/Sitting/Standing 100,000
Head/Arm/Neck/Leg motion 500,000
All above with foot motion 1,000,000
Standing to Sitting Position 2,500,000
Walking (2 mph) 5,000,000
Walking (3.5 mph) 7,500,000
Walking (5 mph) 10,000,000

Particle generation rates for a number of human activities
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Contamination Requirements - Particulate

Airborne Particulate

*FED-STD-209 “ Airborne Particulate Cleanliness Classes in
Cleanrooms and Clean Zones’

| SO-14644-1 “ Cleanrooms and associated controlled
Environments’

ECSS-Q-70-01A “Cleanliness and Contamination Control”

Surface Particulate

MIL-STD-1246C “Product Cleanliness levels and
Contamination Control Programme”

ECSS-Q-70-01A “Cleanliness and Contamination Control”

*Note: now superceded
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FED-STD-209E
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FED-STD-209E

Table F-1: Airborne particulate cleanliness classes

(taken from FED-STD-209E)
Clase Limits
Class Name 0,1 pm 0,2 pm 03 e 05 pm B e

Yolume Lnits YWaolume Units Volume Units Yoluma Units Valume Units
Matrie | O
Class | Class | m® #t? m* i m? £t m? it m? n?
M1 a60 9,91 78,7 314 b4 0,675 10 0,283 - -
M6 1| 124D 15 285 75 108 3 asa 1 = =
Mz a FH i, 10 ThT 214 Ao B,7E Ly 2,83 = -
M2 S 10 | 12 400 350 2 G50 75 1 Dl a0 153 10 = ]
L E] a5 ey 9491 TR 214 A 050 87,8 1 0 28,3 - -
M35 100 - - 28 5Ok 750 10 600 30 3 530 10:0 = 5
M4 = = 6 TOk 140 & 200 Bl 10 000 253 = -
N5 1 DM - - - - - - 35 200 1 D0e] 247 T
M5 = = - - - - 1Y Q00 2 8330 B1E 175
MBS 10 00m = = - - = = 53 () pLiflelie] £ 4T T
M6 - = = = = = 1 Q0 000 Z8 300 & 160 175
MBS | 10O 0On - - - - - = A5¥ 000 100 000 24900 o0
MY - - = - - - 10000 000 263 000 81 B0 1780
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ISO 14644 1

Table 1 — Selected alrborme particulats cleanfiness classes for cleanrcoms and clean zones

Maximum concentration limits (particles/m? of air) for paricles equal to and larger

IS0 than the considared sizes shown below [concentration limits are calculated in
classification | accordance with equation (1) in 3.2)
number (M)

2,1 pm 0.2 um 0,3 prm 0.5 pm 1 um 5 pum

ISO Class 1 10 2
ISO Class 2 100 24 10 4 ]
150 Class 3 1 000 237 102 a5 B
120 Class 4 10 000 2370 1020 352 B3
1520 Clags 5 100 000 23 7o 10 200 3 520 32 29
150 Class & 1 000 OO0 237 o0 102 000 35 200 8 320 283
ISOClass 7 352 000 83 200 2 530
ISO Class B 3 520 000 B32 000 29 300
IS0 Class © 35 200 000 B 320 000 283 000

MNOTE Unceraindies related to the measuramant process require that concantration data with mo more
than thres significant figures be usad in defemmining the classdication bewvel

ISO-14644

5
7
8

FED-STD-209

Class 100
Class 10,000
Class 100,000

FED-STD-209 Metric

M3.
M5.
M6.

5
5
5
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MIL-STD 1246C
No. nt;pmﬁr]u HEI:: ;fl_r:;ﬁ:h’
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PFO Monitoring

For spacecraft the airborne particulate
Contamination is not as important as the particle
Fallout contamination

Table F-2: Correlation airborne and PFO for normal clean-

rooms
PFO
Metric class (ppm/24 hours)
3,5 1.5
4.5 12
5,5 60
6,5 275

PFO = 0,088 100.72M-1.08)
where M is the metrie numerical class (e.g. 3,5)
or:
PFO =0,069 N,%
I whers Me is the old numerical classification (e.g. 100 or 100 000)
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Tape-Lift Testing
Tape lift method as performed at ESTEC:

*Define area which needs to be checked
«Take Polyethylene transparent tape from
3M Scotch 480

oStick it on asurface of at least 5x 5 cm
«Take with tweezers the 0.45 micron filter
paper with grid

*Apply the filter paper against the just
released tape

*Cut excessive tape away

*Count particles by Microscope in different
Size ranges

See ASTM-E1216-87
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Contamination Requirements - Molecular

Organic Contamination

ECSS-Q-70-01A “Cleanliness and Contamination Control”

PSS-01-705 “ The detection of organic contamination of surfaces by infrared
spectroscopy”

For one week continuous exposure in a cleanroom: <2.0x10-"gcm-2
Exposure in vacuum chamber after blank test of 24hrs: <1. 0x10-‘gcm?

Outgassing Requirements

ECSS-Q-70-02 “Thermal vacuum outgassing test for the screening of space
materials’

Surface Contamination

MIL-STD-1246C “Product Cleanliness levels and Contamination Control
Programme”

Level A/100till F, whichis0.01mg/0.1m? up to 25 mg/0.1 m?
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Surface Cleanliness Requirements -
Organics

o PSS-01-705 (ECSS-Q-70-05) “The detection of organic
contamination of surfaces by infrared spectroscopy”

— ldentification due to specific absorption of the molecule due to
vibrations and rotations of atoms

— Quantification by Lambert/Beers Law relation
Abs.=E*b*C Abs
E = Molar Absorption Coefficient | |
b = Pathlength rsmple
C = Concentration y

— Cdlibration curvesfor four standards oneeneter

« Paraffin, Di-octylPhthalate ester, Methylsilicone and
MethylPhenylsilicone

Absorption of sample
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MIL-STD 1246C

TABLE II. on-volatile e iness lew
Level Limit, NVR Limit, NVR
mg/0.1m® * 1/ mg/liter
{or ug/cm®)
A/100 0.01 0.1
A/50 0.02 0.2
A/20 0.05 0.5
A/10 0.1 1.0
A/S 0.2 2.0
A/2 0.5 ; 5.0
A 1.0 10.0
B 2.0 20.0
C 3.0 30.0
D 4.0 40.0
E 5.0 50.0
F T.0 TO.0
G 10.0 100.0
H 15.0 150.0
J 25.0 250.0

1/ Limits on non-volatile residue (NVR), mg) for surface,
liquid, or gas to meet the level of cleanliness.
* One square foot = 0.0929 m?.
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Contamination Monitoring — Use of
Witness Samples

Witness samples are often the only practical method of quantifying contamination

as they avoid contact (and hence additional risk) with the actual components and are,
In this sense non-destructive

However, if withess sampling isto be used then the following must be considered:

*The witness must be representative of the component it is monitoring

(i.e. exposed in the same environment, same view factor to contamination sources,
same orientation, representative material etc.)

*Enough witness samples should be used to make the monitoring statistically valid
and to isolate localised events



esa_=““=+|"""-=---- The ESA SME Initiative Training Courses

Interactions

Environments
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Interactions with Space Environment

AMO ‘ e ‘ p*

ATOX

(LE O) Material
(intrinsic/extrinsic

Vacuum I contaminants)
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Contamination Control Process

Define System Level
Requirements and

Systemg/
Components

Materials Selection

contamination
(Outgassing/
Particul ate)

v

Define protective

sensitive
components

Identify Sensitive >

Define
Performance
Requirements on
Sengitive Items

Define potential
Contamination
Sources

for low ]

Control of
Environments
For MAITL/
Monitoring
Plan/Processes

Set Contamination
Budgets and
Requirements

Contamination
Insensitive
Design
(Time/Distance/
Shielding/Materials)

l

Define
Contamination
Control Plan

shielding for Y

Define purging for
sensitive
components

Define corrective
action procedures (eg
Cleaning/Bakeout)

[ Concept/Initial Design
cep g
[[] Design/Process Definition

Il MAIT

DefineProcurement
specifications/
procedures for
subcontractors

B L aunch/Mission
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Materials Selection Criteria

Materials selection is critical for contamination

control
For outgassing characteristics the Micro-VCM | -
test isused as general control H __FLF
General Guidelines: TML < 1.0% CVCM<0.1% T - S |
For sensitive components: TML<0.1% S I |
CVCM<0.01% Eeome oo e ]
& & : _‘I [
, 1 ¢ ‘ /| h_ . | ;f____‘“
B e d
i
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VBQC Test

One of the main problems with outgassing is the long term
evolution.This is the purpose of the VBQC test which uses the
Arrhenius principle for diffusion limited mechanisms

e Resultstaken out of the Mathematical treatment consist of
Accelaration factor, Activation energy, Residence time - Temperature
dependency.

e Long term predictions with VBQC data is used within the temperature
range of test.

e TheTML or CVCM data are fitted period by period with asum of 6
exponential equations.

W = iwo,i X(l— &/ j

i=1

With W,,; the variables, affected with the time constant 1,;, which are
50, 20, 5, 1, 0.5 and 0.1 hour.
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VBQC Test

plate

QCM plate
cooling

Condensor
plate cooling
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Vacuum balance
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Acceleration factors are calculated from the
Rate of change of mass and the end of T, and

The beginning of T; for T>T,;
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VBQC Test

Kinatic outgassing of Z306 + primer 123
VBQC 3841
LOMG TERM PREDICTION CVCM

Sample at + 28C

Kinetic outgassing of Z306 + primer 123
VBQC 3841
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Corrective Actions — Cleaning Methods

Particulate

Vacuum

Care required for exhaust, HEPA filtered

for cleanrooms

Compressed gas

Redistribution can be a problem
Wiping

Care required for sensitive surfaces
(scratches)

Tape removal

Residues can be a problem

Cco,

Very good for high resolution
topographies

Polymer film

Can have a detrimental effect on some
coatings

Molecular

Wiping

Drag wiping very affective
Dissolution

Many methods — dipping, spraying,
vapour cleaning, ultrasonics
Detergent

Similar to above (oftenin
combination)

Plasma

Good for polymers, can cause
electrode material sputtering
Bakeout

High vacuum, >60C, >72hrs
Ozone

Good for organics, slow diffusion so
only for small quantities
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Case Study — Long Duration Exposure
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Case Study - LDEF




LS

M%Ega:: esa m—pm+nnnmE=mm:amn | 1€ ESASME Initiative Training Courses

Summary (1)

*Control the environment that the hardware will reside

Know what the sensitive items in the hardware are and what the level of
esensitivity is

*Keep contamination sources away from sensitive hardware (separate “dirty”
eprocesses from clean processes)

*Expose sensitive hardware for the minimum possible time (if necessary use
ecovers or purging)

*Monitor contamination throughout manufacturing

*Choose materials that will minimise contamination



I

{f: esa_=" ==+ nnnm=mmazm | € ESASME Initiative Training Courses

Summary (2)

*Contamination Control is an important driver in the success of most space missions
as most missions have equipment sensitive to contamination

*Seemingly innocuous levels of contamination can have disasterous effects due to the
subsequent interaction with the space environment

It is always cheaper to prevent contamination from happening than removing it later
in space, this is usually impossible

*The best way to do this is to understand the requirements and to formulate a
contamination control plan and carry it through to meet these requirements

*Controlling contamination at the manufacturing stage can also have the added benefit
of increasing yields and so is added value and makes commercial sense



