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MEETING
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FIRST/Planck Project

SPIRE-FS4A-MoM~000 575
date 30 October 2000 reference SCI-PT/08287 page 172

meeting dafe 27 October 2000 meeting place  ESTEC

chairman

participants P. Oliver, J. Guyt, M. von Hoegen, M.  |copy
Anderegg — ESTEC, A. Heurtel — IAS,
J. Charra — IAS, A. Dragoni — Laben,
H.-M. Jacobs — SRON-

subject FIRST/Planck Contamination Working Group Meeting # 2

1. Control plan presentation
- HFI - See annex 1

- HFI to clarify the discrepancy between the requirement at
1200 (page 9) and the objective at 5000 (page 14) 1 24 Nov.
- For the PDR a budget will be issued

Typical material outgassing curves — See annex 2
Presentation of particulate contamination requirements

W

LFI — See annex 3
LFI to provide type of ecosorb used 2 6 Nov.
SPIRE - See annex 4

HFI - A model for particulate contamination exists but only
for spherical metallic particule. This is being upgraded.

NSk

For molecular contamination, 1um ice has been used. Results:
~1% loss with two layers on a window. In reflexion it yields
~0,01% loss. — See annex 5

Next meeting will be on 24 November 2000 at 09:00

SPIRE to explain the level of contamination they can tolerate 3 24 Nov.
and the last paragraph before conclusion of document dated
26/09/00 provided for this WG meeting.

All instruments to refine their particulate contamination 4 24 Now.

ESTEC

Keplerloan 1- NL 2201 AZ Noordwijk ZH - The Netherlands
Tel {31) 715653473 - Fox (31) 715655244 - hitp://sci.esa.int/first - hitp://sci.esa.int/planck




date 30 October 2000 reference  SCI-PT/08287 page 2/2

description -
requirement.

Presentation of molecular contamination sensitivity (due date 5 24 Nov.
changed from 29 to 24 Nov.)

All to provide a list of organic material with their expected 6 24 Nov.
mass for focal plane units

ESTEC to provide evaluation data of alternative cleaning 7 24 Nov.
processes due to updating processes as a result of Freon use
interdiction.
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Effect of Particulate Contamination on SPIRE Mirror Performance at 200 pm.
B. Swinyard RAL-

26/9/2000

Draft for discussion

Introduction

The effect of exposure of optical surfaces in a given particulate environment will depend on a number of
factors. At the most basic level we need to consider two aspects:

—  Fairly obviously, the number and size of particles deposited on the surface in a given time.
This in turn will depend on the environment in which the optics are stored and handled -
generally designated by the cleanroom “class” — and the activities that are carried out on, or in
the vicinity, of the optical components.

~ ° The optical properties of the particles deposited on the surface. The particles can, under the
correct circumstances, scatter, absorb and emit radiation. All of these effects are to some
degree undesirable. Analysis of the optical properties of dust is complex and generally
dependent on the wavelength of interest; the size distribution of the particles and the material
from which the particles are made.

Effective Obscuration by Particulate Contamination

So, we can take the analysis of the problem in two sections. First, how much dust will there be? RD]1
gives a summary of a semi-empirical analysis of the subject and I quote only the results here. The rate of
fall out of particles of radius >5 pm from air in a cleanroom class C is given by:

A =p(0.00634C )0'773‘ per square foot per day )

The parameter p depends on the type of clean room. For conventional cleanrooms with 15-20 air changes
per hour, the value is given as 2851 (seems a very accurate value!). For laminar flow benches it may be as
low as 800. For still air or a low number of air changes (say test facilities) it may be as high as 28510. In
RDI there is some discussion of correction factors for equation 1 depending on the orientation of the
surface (vertical or horizontal) and the activity being carried on in the clean room. In the all the following
analysis I set both of these to the worst case values of 1 —i.e. I ignore them.

We now wish to know the number of particles deposited on a surface as a function both of time and particle
diameter n(x,z). RD1 gives this as:

n(x,t) =20(¢) lﬁg),c(_’fl N (x,1) @

Here ot) is a coefficient that describes the evolution of the surface cleanliness with time. In RD1 the
following semi-empirical formula is used to describe the surface contamination evolution:

t+18

OL(t) = W

4
Nq(x,t) is the total number of particles per unit area for particles >x after time t. The definition of N; is

given by the MIL-STD-1246C definition of surface cleanliness:

Log(N,(x,t)) = o(t)[log’(X,) — log’(x)] )

Where X, is the surface cleanliness factor and can be taken as the maximum radius particle present in the
distribution.




The obscuration ratio for particles with an area given by A(x) and a number distribution of n(x,t) is defined
in RD1 as:

o= XTXA(x)n(x,t)dx (6)

xmin

If we assume that all the particles deposited are spherical in form with A(x) = nx’/4, then the obscuration
ratio is given by, combining equations 1-6 and converting to radius in microns:

0.773 , xmax
@ - na(t;pi(;ggi?fo(;o) t J’x log(x)l Oa(t)(log' (xmin)~log~ (x)) dx (7)

xmin

As this function can go greater than 1 — indicating particles falling on particles — a “corrected” obscuration
ratio is further defined:

&, =-— (8)

Optical Effects and Effective Area

The scattering, absorption and emission of particles is described by the Mie scattering theory and, although
treated explicitly in RD1, is beyond the scope of the present study. For our purposes we need to estimate
the loss in throughput per optical surface after some period of exposure to a given cleanroom environment.
In the previous section we have shown how to estimate of the surface coverage by particles — we now need
a robust estimate of the effect of those particles on the effective area of each optical surface.

We can define the effective obscuration in terms of the standard extinction efficiency from scattering
theory, Q.x, by rewriting equation 6 as:

X max
o= j 0., (ko) A(x)n(x, t)dx 9)
xmin
and @ is then found using the corrected form for ® given in equation 8. Q. is a function of the size
parameter kx where k=21/A, is the wavenumber. The form of Qex(kx) is highly complex and dependent on
the shape and material properties of the particles. RD1 attempts to treat these explicitly because there the

interest is in the details of the scattering from the Planck mirror. As we are only interested in the general
loss of throughput we can take a simplified form for Q. given by

_2(x/ A)*

et = 1 (x/ A) (10)

and shown in figure 1. This follows the general form shown in RD1 and tends to Q=2 at large values of
kx as expected.

Setting the wavelength to 200um and the maximum and minimum radii to 5 and 1995um, we can now
calculate the effective obscuration versus time for different cleanroom classes. This is shown in figure 2.

To convert to affective area — i.e. percentage throughput — we can use the simple form given in RD2:

Aq= exp(-Der) (D




A is plotted as a function of time for the same cleanroom classes in figures 3a and 3b. We can see from
figure 3b that this analysis indicates that the effective area of any exposed optical element will fall to 99%

of the clean value after approximately 100 days for class 100; 40 days for class 1000; 16 days for class
10000 and 7 days for class 100000.

Conclusions

Although the SPIRE team’s initial estimate was that the instrument can live with a reasonably large degree
of particulate contamination, the analysis here shows that, in order to maintain the optical throughput per
surface >99% some caution is required in their handling. The assumptions made in the analysis are
pessimistic in the estimate of the amount of particles that will be deposited, but possibly optimistic in the
assessment of the optical extinction properties of the particles. On this basis, and emphasising the pre-

cautionary approach to be taken for flight model ATV I recommend the following procedures for the SPIRE
assembly and integration:

1. Use at least class 1000 laminar flow environments wherever possible when assembling and
aligning the optical system. Wherever possible class 100 laminar flow environments are
preferred for bare optical elements.

2. Where this is not feasible the maximum allowed cleanroom class is 10000 and the exposure of
any optical surface should be no more than one day.

3.  When the instrument is stored for prolonged petiods of time (>1 day) with optical elements
exposed it must be in a class 100 laminiar flow environment or equivalent (vacuum chamber
or suitable cover)

4. Particle counters and witness mirrors must be provided in all environments where bare optics
are exposed.

5.  Whatever the general cleanroom class in which the instrument is held, all operations carried
out on the optics or in the vicinity of the optics should be done by personnel with cleanroom
standard coat; hat; shoes and gloves. Facial hair must also be covered with a mask.

6. When optical elements have been exposed to non-clean (i.e. class >1000) environments they
should be inspected and, if necessary, particulate contamination removed using dry nitrogen
gas to blow the contamination away in a safe direction.

7. Structure and other non-optical surfaces that have been exposed to non-clean environments
must be inspected and, where necessary, cleaned before introducing optical elements into
their vicinity.

8. Once the instrument is fully integrated and with a cover fitted to the optical aperture to protect
the input filter, it may be exposed to relatively dirty environments without affecting the
performance of the instrument. However it is not recommended that environments greater
than class 10000 are used for prolonged periods of time as particulate contamination on the
outside of the instrument may find its way to the inside following removal of the cover. The
instrument should be inspected following prolonged (>1 day) exposure to class>1000 and, if
necessary, the outside cleaned by blowing off particulate contamination using dry nitrogen.

References:

RD1 “Scattering in sub-mm range by dust on reflectors and its consequences in the caes of the Planck
telescope.” ESA memorandum 170500/EEA/PDM »

RD?2 “Practical significance of dust contamination scattering effect” ESA memorandum 270700/EEA/PDM
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Figure 1: Extinction coefficient versus size parameter used for estimating the effect of dust on the
performance of the SPIRE optical surfaces. In reality the form of the extinction coefficient may be
very much more complex than shown here.
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Figure 2: Effective obscuration versus time for cleanroom class 100, 1000, 10000 and 100000 for a
“standard” environment and 5<x<1995 pm.
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Figure 3a: Effective area versus time for cleanroom class 100, 1000, 10000 and 100000 for a
“standard” environment and 5<x<1995 pm
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Figure 3b: As 3a with x-axis blown up.
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water ice transmission001025.mcd

N. D. Whyborn, SRON

| dhuer ©

00-10-25, 15:28

A calculation of the effect of water ice contamination on
quasi-optical components |

speed of light co =300

free-space impedance Zy:=120-n ohms

[+] Reference:E:\NICKS\MICROCADWMICROCAD7.MCD

refractive index and
dielectric constant of quartz

dielectric constant of HDPE
refractive index of ice
dielectric constant water ice
dielectric constant substrate
properties of Gold

thickness of substrate

propagation constants
& wave impedances

2

e 1Y

Jesu + 1

set band 6 frequency limits

=0.761 + 1.081ix 10”* [1 -(

Nguarz = 21134 - 4.2 107*

2
€ quartz = Dquartz

€ypPE = 2-2

D, = 1.8326 —i-6.9-1072
€ice °= Dice

€sub = Equartz

Eani=1 Haw:=1

tgp:=6 MM

2i-n-f
Ysun(f) = o \l €sub

0

2i-mt-f
Yar(f) = . '\/ EAR

0

2i-m-f
YieeD) ==  Eice

0

(D(f) =2.x-f

from Russel & Bell 1967,
J. Opt. Soc. Am., 57, 341.

€ quartz = 4466 — 1.7751x 107>
€HDPE = 2.2

(Warren 1984, App.Optics, 23, 1206.)
€ice = 3.354 — 0.253i
€AR = EHDPE

O au :=(0.98-10'6-10‘2)_1 @80K

- ~-05
Nsub = ZoEsub
-0.5
NAR = Zg'€AR
0.5

MNice :=Zo€ice

Y au(D 3=\li'0)(f)'l"Au'(°'Au + i-u)(f)-s;j

i-(f) pay
nAu(f) = j;Au N i.m(f).eA“

€sub — 1

fband_T6L = 1410

fband_6H = 1910

€qb T+ 1

2
) ] =0.598 + 1.507ix 10~*




water ice transmission001025.mcd N. D. Whyborn, SRON

Analysis of a window with matching layers

forarr = 1300 fong = 2000

AR(f) := ABCDtr_line(n sg,Yar(f), tar)

sub(f) := ABCDtr_line(n gup, Ysup(E), teup 1)

tag :=0.03 {band 6)

f 1= fgan, fstan + 1+ fena

struct(f) := AR(f)-sub(f)- AR(f) N.B. there is no wedging of the window here!

voitage reflection coefficient

voltage transmission coefficient of F-P structure

voltage transmission coefficient of wedged structure

LO window transmission

S22(f) := Syy(struct(f))
S21(f) := Sy, (AR(E)-sub(f)- AR(f))

S21,(F) := Sy (AR(F)-sub(f)-tfr)

! T T | l | T
foand_6L. foand _6H
095 -
091 -1

0.85

0.8

1 | l 1

073300 1400 1500 1600 1700
——= no wedging
—— with wedging

1800

1900 2000

00-10-25, 15:28
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Analysis of a window with matching layers and ice contamination

ice layer thickness tie =0.001  mm

define ice layer ice(f) := ABCDtr_line(n ice» Yice(f) tice)

define structure struct(f) := ice(f)- AR(f)-sub(f)- AR(f)-ice(f) N.B. there is no wedging here!
voltage reflection coefficient with contamination S22.(f) := Sy(struct(f))

voltage transmission coefficient with contamination  S21 (f) := S,,(struct(f))

LO window transmission
1 T I i 1 I T
foand_6L foand_6H

L | I | 1 L

0.7

1300 1400 1500 1600 1700 1800 1900 2000
-—=— 10 contamination
-—— with contamination
Conclusion

The ice layer detunes the anti-reflection layer which moves the transmission peak to lower frequencies. The
effect is roughly equivalent to an increase of AR layer thickness of 1.8 times the water film thickness.

A second effect is the increased absorption. For a 1 um ice layer on each side of the window the extra loss
is about 1.5% on top of ~16% loss in the window.




water ice transmission001025.mcd N. D. Whyborn, SRON 00-10-25, 15:28

Analysis of a transmission grid (on a thin Mylar film) with ice contamination on both sides

| neglect the mylar film for this calculation, i.e. | assume a self-supporting ice film of 2 times the
contamination thickness.

ice layer thickness e :=0.001  mm

define ice layer ice(f) := ABCDtr_line(n) ce, Yice(D). tice)

define structure struct(f) := ice(f)-ice(f)

voltage reflection coefficient with contamination S22(f) = Sya(struct(f))

voltage transmission coefficient with contamination  S21 (f) := S, (struct(f))

polarising grid transmission loss
3 T 1 T | T T

fband_6L band_6H

~ (|s21(1700)|)* = 0.024

%

|522,(1700)| )* = 6.891 x 1073

| | J | | |
%OO 1400 1500 1600 1700 1800 1900 2000
frequency/GHz

reflection coeff
—— transmission loss

Conclusion

For a 1 um ice layer on each side of the film the loss is about 2.8%, around 0.5% is reflected.
These reduce to 0.19% and 7x10-5 respectively for a 0.1 um layer on each side.




water ice transmission001025.mcd N. D. Whyborn, SRON

Analysis of a mirror with ice contamination
ice layer thickness tie :=0.001 mm

Gold layer thickness tay:=0.0009 mm

00-10-25, 15:28

define ice layer ice(f) := ABCDtr_line(1 ce, Yice(f), tice)
define mirror mir(f) := ABCDIr_line(1 p,(£), Yau() , tay)
define structure struct(f) := mir(f) N.B. there is no wedging here!
reflection coefficient without contamination S11(f) := Sy (struct(f)) S11(1700) = -1 + 3.838i x 1073
reflection coefficient with contamination S11(f) := Sy (ice(f)-struct(f))  S11(1700) = —0.997 + 0.071i
1110 * - i I T T
110 ¢ =
g 9 T -
i—(_l_Sllc(f)])Z 810 ° |- =
710 ° |+ =
61075 | | 1 ] |

1300 1400 1500 1600 1700 1800
f

Conclusion

1900

For a perfect reflector, a 1um ice layer gives an extra loss of about 0.0015% (1.5e-5) per reflection. This
should be compared with a theoretical loss 0.8e-4. l.e. 1 um of ice on the mirror gives an 19% fractional

increase in the loss, which is negligable.

2 2 -5
(Is111700)] )" - (|S11(1700)|)* = 1.551 x 10 1572

——— =0.111

1.416
1 - (|S11(1700)})* = 7.676 x 107°




water ice transmission001025.mcd N. D. Whyborn, SRON 00-10-25, 15:28

Analysis of a mirror with ice contamination
ice layer thickness tee :=0.001 mm

Gold layer thickness tay :=0.0009 mm

define ice layer ice(f) := ABCDtr_line(n ices Yice(), tice)
define mirror mir(f) := ABCDtr_line( oy(£), Y au(f). tay)
define structure struct(f) := mir(f) N.B. there is no wedging here!
reflection coefficient without contamination SII(f) := Sy, (struct(f)) S11(1700) = -1 + 3.838ix 1073
reflection coefficient with contamination SI1f) := Sy (ice(f)-struct(f)) S11(1700) = -0.997 + 0.071i
Lo 1 ] l T I
110 ¢ -
(isneo? *10 0 T ’
11, .
(fstaeol)’ - | .
710 > | -
6105 ] ] i | |
1300 1400 1500 1600 1700 1800 1900
f
Conclusion

For a perfect reflector, a 1um ice layer gives an extra loss of about 0.0015% (1.5e-5) per reflection. This
should be compared with a theoretical loss 0.8e-4. l.e. 1 um of ice on the mirror gives an 19% fractional
increase in the loss, which is negligable.

2 2 -3
(1s11(1700)| ) - (|S11(1700)| )“ = 1.551 % 10 572

1.416
1 - (|S11(1700)] )* = 7.676 x 1077
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