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1 Introduction
This document gives the results of the measurement carried out on the SPIRE STM
mirrors.

Three kinds of measurement have been carried out

1. Mechanical metrology of the optical surface under the subcontractor responsibility
2. Wave Front Error (WFE) at LAM
3. Surface Roughness at LAM

2 Documents

2.1 Applicable Documents

no. document name document number, Iss./Rev.
AD1 SPIRE mirrors specification LAM.PJT.SPI.SPT.200007 ind 9
2.2 Reference Documents

no. document name document number, Iss./Rev.
RD1 Rapport de contréle dimensionnel MECASEM NBO.02.1033
RD2 Rapport de contréle dimensionnel MECASEM | NBO.03.0116
RD3 Rapport de contréle dimensionnel MECASEM | H. Troussard 09-MAR-04 10:53
RD4 ICD structure — mechanical I/F SPIRE-MSS-PRJ-000 10

3 STM mirrors verification status
The following table gives, for each mirror, the type of verification that has been carried out.

Mirror SIN WFE Surface Mech
designation Roughness | Metrology |
CM3 03 X X
CM5 02 X X
PM10 02 X X1 X
PM11 03 X Xq1) X
PM6 02 X
PM7 03 X X) X
PM8 02 X1 X
PM9 01 X X1 X
SM10A 03 X Xq1) X
SM10B 02 X X X
SM11A 03 X X
SM11B 02 X
SM12A 02 X X1 X
SM12B 02 X X1) X
SM6 02 X
SM7 03 X X) X
SM8A 03 X X
SM8B 03 X
SM9A 02 X X X
SM9B 01 X X1) X

Table 1 : Mirror verification matrix

(1) : measurement done with the batch of the STM mirrors.
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4 Wave Front Error (WFE)

In AD1, the surface shape specification is specified at 1 y RMS and the tolerance on the
radius of curvature is specified at : AR/R < 10-3.

For the mirrors for which this verification was not possible with the LAM facility, the results of
the mechanical measurements performed at the subcontractor's have been used. These
mechanical measurements were done with a 3 dimensions measurement machine whose
accuracy is given to be 0.1um. A mechanical measurement report was delivered with the
mirrors.

5 Surface Roughness
The specification given in AD1 is <10 nm RMS and was driven by the optical alignment
procedure in the visible light.

For the mirror manufactured with the first batch, that is to say at the same time as for the
STM mirrors, the surface roughness was measured at LAM on a roughness meter
"Rodenstock". For all the mirrors the measurement results give a surface roughness that is
about 20 nm RMS, so out of the specification. The non-conformance ref:
LAM.QUA.SPI.NCR.030002 was issued and considered as acceptable after treatment.

For the mirrors of the second batch, that is to say all the toric mirrors and the CM3
manufactured during the last quarter of 2003, the roughness measured on two mirrors is in
the range, 9 - 15 nm RMS.

6 Coordinates system

According to RD3 the coordinates system linked to the mirrors is listed in the figure 1.
The Z axis is pointing away from the mirror surface. The Y axis is pointing away from the
SOB, (the dowel pin being always on the SOB side so in -Y).

»
Y

Figure 1: Reference coordinates system for mirrors

7 Measurement results

The table of the following sheet gives the main results of the measurements.

Centre National de la Recherche Scientifique - Laboratoire Astrophysique de Marseille - UMR 6010
BP 8 — 13376 Marseille Cedex 12, Tel. : 33 +4.91.05.59.00 - Fax : 33 .+4.91.66.18.62




"A" = h SPIRE FM MIRRORS - Optical measurement report page 7/23
N a2
W ‘\ (“spirRe Référence LAS.QUA.SPI.PRV.040117_01 Iss1 Rev 0 17/01/04
Subass'y Mirrors S/IN Type Surface Surface R or Rz RorRz AR/R Center of curvature | CC or Ry CCorRy AR/R Center of
designation Shape (um) | roughness theoritical measured (Spec I__ocation wrt the | theoritical Measured (Spec AR/R curvature
(spec< 1um (nm) (mm) (mm) AR/R < | Mirrors coordinates (mm) (mm) <10? Locatlgn wrt the
RMS) (Spec <10 Warm Warm 10 Spec Warm Warm Mirrors
nm RMS condition condition <0,05mm condition condition coordinates
< 0.5 arcmin Spec
<0,05mm
< 0.5 arcmin
Xm Ym Xm Ym
Fore optics
CM3 03 Off axis NMm @ 23 nm 365,963 -0,5095
Asphere
CM5 02 Toric NM 12 nm 295,861 295,846 10* 279,573 280,007 310*
3,98 2,62
Photometer
PM6 02 Toric NM NM 308,766 309,678 2,910° 0,19 360,912 361,923 2,810° 0,72
2,1 arcmin 6,7 arcmin
PM7 03 Sphere 0,3 (2) 332,073 331,899 0,510-3 | 9,710° | 6,7 10°
0.11 arcmin
PM8 02 Sphere 0,3 2) 287,841 287,777 0,210°% | 1510° | -3,110°
0.18 arcmin
PM9 01 Sphere 0,2 (2) 352,307 352,199 0,310 | 0,6 10° | 12107
0,11 arcmin
PM10 |02  |Flat 0,7 @)
PM11_ |03 |Flat 0,5 @)
Spectrometer
SM6 02 Toric NM NM 271,040 271,023 6107° 0, 11 525,964 524,645 2,510° 0,17
1,3 arcmin 1,1 arcmin
SM7 03 Flat 0,6 (2)
SM8A 03 Toric NM 15 nm 231,296 230,909 1,6 10° -0,04 202,838 202,831 0,2 10% 0,27
0,54 arcmin 4,5 arcmin
SM8B 03 Toric NM NM 231,296 230,844 1,910° -0,06 202,838 202,815 0,1 103 0,25
0,89 arcmin 4,1 arcmin
SM9A |02 Sphere 0,3 2) 260,577 261,024 1,710° | 7,210° | 2,210°
0,09 arcmin
SM9B |01 Sphere 0,3 ) 260,577 261,008 1,710° | -1,310° | -5,4 10°
0,07 arcmin
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Subass'y Mirrors S/N Type Surface Surface Ror Rz R or Rz AR/R Center of CC or Ry CC or Ry AR/R Center of
designation Shape (um) | roughness theoritical measured (Spec curvature theoritical Measured (Spec AR/R curvature
(spec< 1um (nm) (mm) (mm) AR/|§)< Locl\:/ﬁ?%rgswrt (mm) (mm) <109 Localtlllci)r?ov;/srt the
RMS) ﬁff%;,.;o cc\)/xzirtri?)n cc\J/r\:?iirtri]:)n 10 coordinates chzirtrign Warm condition coordinates
Spec Spec
< 0,05mm <0,05mm
< 0.5 arcmin < 0.5 arcmin
Xm Ym Xm Ym
SM10A |03 Sphere 0,3 ) 261,079 261,446 1,410° |2810°]6,910°
0,09 arcmin
SM10B |02 Sphere 0,3 (2) 261,079 261,355 1,110° | 1210° | 9,7 10°
0,19 arcmin
SM11A |03 Toric NM 15 nm RMS 197,808 197,774 0,16 10° | 0,04 170,545 170,506 0,210° 0,07
0,6 arcmin 1,3 arcmin
SM11B | 02 Toric NM NM 197,808 197,763 0,2310° 0,02 170,545 170,533 6107° 0,07
0,4 arcmin 1,3 arcmin
SM12A |02 Flat 0,4 (2)
SM12B |02 Flat 0,2 (2)

(1) : NM = Not measured at LAM

(2) : All these mirrors have been manufactured with the STM mirror batch

Table 2 : Optical measurement results

The figures given in the grey cells are out of specification
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8 Interferometric measurement results
Here after the interferograms for the flat and the spherical mirrors.
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Notes
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8.6 PM7-03

7773 - ©3

SEIDEL ABERRATION COEFFICIENTS FROM UNIFORM GRID

ole
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waves deg fTC:jBZ F3y rae
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TEST: -0.50 0.633
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Press <ENTER> to continue!
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8.7 PM11-03
SEIDEL ABERRATION COEFFICIENTS FROM UNIFORM GRID
Magnitude Angle mberration
waves deg
o.o77 42.1 TILT
2,776 FOCUS
1.553 -76.8 ASTIGMATISM
0.293 93.4 COMA
-0.198 SPHERICAL Wedge Wavelength
TEST: -0.50 0.633
Terms Subtracted From Data USER: =0.50 0.633

Residual Wavefront Variations Over Uniform Grid (in waves)

“p-y | RMS Strehl Ratio

Number of pts Peak Valley
1663 1.657 -0.877 f 2.534/ 0.526 0.000
Presg <ENTER> Lo continue! .

o

-
o

-' -'.--'-:t_:, _‘:—i\
(&)

W, o

%, D

v PM11_03
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8.8 PM10-02

SEIDEL ABERRATION COEFFICIENTS FROM UNIFORM GRID

Magnitude Angle Aberration
waves deg
0.138 -105.6 TILT
4.496 FOCUS
3.739 B5.9 ASTIGMATIEM
0.289 40.9 COMA
-1.021 SPHERICAL Wedge Wavelength
TEST: 0.50 0.633
Terms Subtracted From Data USER: 0.50 0.833

Residual Wavefront Variationg Over Uniform Grid (in waves)

Mumber of pte Peak Valley BP-V RMS Strehl Ratio
1311 2._.046 -1.520 31.587 0.703 0.000
Presg =ENTER> to continue!

v PM10_02
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8.9 SM12A-02

SPIRES SM l12a 02 20/11/2003

3 Wrapped Fhase Surface Map Surface Map

4

Hotes
6 Data OFD Statist.os (Wawed)
7 wWavelangth. ... ... .. 0.4632% BV Bange. .. ... 1.531% Jeb : #5PIALE
B Haves/fringe. . . o.... 2.5000 Feak......00 0. c.AMz Title : SM 12a 22
9 1mage Size......... [ 768, A76] CeOteE. . 000 O.0757 fazZace jFlen
10 Cota Aperture: Posl 394, 289] Blze[ 303, 2131 Valiey........ -9,7.89 Larct# :
11 Azea Apertare: Poa| 304, %A9] Sizel 03, 219]  Awverage. ... ... b.Cond sariald !
12 Znalysis Aper: Pos[ 394, 289 sizsl 303, 219] BME. . ...c0ae 0.4271 Caze: Bog, ¢ The Wow 20 Ta:ibodd 2003
13 Azmuire ¥Poinza. ... .. 51897 2aTe: Proc. @ Thu Maw 20 16:35:02 2003
14 #Irterferagrams & S ErE Ry 0,397 Cperalor | 35.MOTRaLX
15 Microcons/Yolt....J.141504 3lope (waves/rm} Tnsmrumect : MCLLER
16 e IR D0 a0 bas Thu Mew 20 16:35:00 2003 Wetas
17 Tnwragsing FMS Tib (waves) Dimmezer : J.00
18 Mame ., ... ooe e [SE, 2, THD] a.1127 Tocal Length @ 3,00
19 Mod. Back....... 0.00&83 2 0.0821 f=number : 3.00
20 o1 - TN o The Wow 30 14:35:0F 2003 3 G.a%40 Cutcil Frequenay: CL00
21 Aberrations 4 C.0L5% Hawelenglh : 3,63
22 A OG0k Waves Per Fringe: (.20
23
24
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8.10 SM12B-02

SPIRES

3 Wrappad Phase

6 baze

7 Havelength. oo iauris J.83128
g  Maves/Iriage........C.5000
9

mage EiZe.....vaen | 1E&, STE]

10 Data Aper-uzwe; Pos! 33%, 283 Size[ 303, Z1%!

11 Ares Aperture: Por. 3£5, ZE5] fize[ 303, 2190

12 Analysis Bper: Pesl 389, 283] tlee[ 333, 219
13 Acguire

14 #Iatesferogracs S

15 Micrame/Yolt. . .C.14180¢

16 +E 1 L Thu Wov 20 17:07:37 2003

17 Unwsapping

1B TER, S, TMD!

19 0.0153

20 hu How 20 17:07:40 2003
21

22 Hafa

23  Bpertaze Type...lnscribsad

24 Pemaved. ... ... .. 2.3,

SM 12b 02

Burface Map

20/11/2003

SBurface Map

-~ A =
Sofieece s

a9T Elatigtics {waves)

PV_RaNge.... .. 05617
Feak.: it innaas 0.47%5
Canter........ —0.00613
Valley. U 3]
AVETAGE. .. ... 9.3200
| RMB..... ... 9.246%
#Ecints. . ..., 11657
Stzehi.. o, 0.0%74

Slope (waves/smml

FME Fit {wawes)
10,0515
LLasz

L0202

o ke
= o oo

@
-
o
=
15
=)

Job @ 2FTEE3

Title : 54 17h C2

Jurface : “lan

Part¥ ¢

feriald -

Date: Rcg. ¢ Thug Hew 20 L1:07:37 2003
bate: Froc. @ Thu Now 20 L7:07:40 2003
SpEIATCE 1 G .HMozsarx

Instrument : MOLLER

Notes s

Diameter : .00

peeal Tengtk @ 0.C0

f-mumber : G.CO

Cotoff Fraquency: 000

Wavelsngth @ 0.63

Waves Per Iringe: 0.5
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8.11 SM7-03
SEIDEL ABERRATION OOEFFICIENTS FROM UNIFORM GRID
Magnitude Angle Aberration
waves deg
0.094 -71.5 TILT
1.542 FOCUS
4.316 -70.9 ASTIGMATISM
0.943 119.2 COMR
-2.580 SPHERICAL Wedge Wavelength
TEST: -0.50 0.633
Terms Subtracted From Data USER: -0.50 0.833

Residual Wavefront Variations Owver Uniform-Grid (in waves)

Number of pts Peak Valley P-V RMS Strehl Ratio
1634 1L.824 -1.207 2.831 /) 0.596 0.000
Prega <ENTER> to continue!

o SM7_03
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0.015371 pm

caxt moyen quadratigus (EM3) du
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W A 5
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9 Surface roughness measurement
SM8a_03 centre ;.
le 24 42 2004
pm Longueur =1 mm Pt = 14.173 ym Echefle = 100 ym
50 1 o
40
30 -
20 r
4
0-+— S -_—
-10 T
-20
-30
-40
0 O.‘1 0.2 03 0.4 0.5 06 [vJrg 0.5 0.9 1 mm
um Longueur = 1 mm Pt = 03298 pm Echelle =16 ym
08
0.4
Q2 ,
] " e & o, oyt e .
g i% L\,(WW ket Sty i t o i T wat o
02 | E / i
0.4 -
06 - L
08 |
o] a1 02 0.3 0.4 05 0.6 0.7 03 0.9 1 mm
Paramétres calculés sur le profil sm8a03 Carte d'identité
centre pas > ... > Forme supprimée : B )
~ Nom : smBall cenirs pas > Zooms > Forre
Polynome de degré 2 supprimés : Polyndme de degré 2
* Paramétres caltuilés par moyenne des 5 pramigres Axe : X
longueurs de hase. Longueur : 1 mm
+ Le filtrage de la microrugcsiié est césactivé. Taille : 1001 peints
Pas : 0.001 mm
ParamélLres de rugosité, ¥iltre gaussien, 0.075 mm
Ra = 0.01148 um AxLeoriguezur : 0.3296 um
ragosich. Ra : Ecart moyen arithmétigue du profll de Taille : 36 digits
Rq = Pas : 0.0091556 um

= Z.1U396 um
Rt : Hauteur totale du profll de rugosité.
REC = 0 ples/mm {(+/- 0.5 pm;

RPz : Compiage des pics du protil de

Rq = 0.015371 pm
hors normes

Limite basse: 0 pm
Limite haute: 0.01 pym
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sm11_03 centre ;.s
le 24 02 2004
um Longueur = 1 mm Pt = 40.468 ym Echelle = 40.468 pm
20 4= ! -
15 - e
10 T -
5 | R . L
0 T
5 T . L
10 - e
15 T
T T T s S
0 01 0.2 03 04 05 0.6 07 0.8 0% 1mm
pm Longueur = 1 mm Pt =0.35707 pm Echetle = 1.6 pm
06 r
0.4
02
s 41—‘—‘*“\{”7*9 WL‘A-’M% 4 (N aaasN A A
o v\-";*w*w’:‘”ﬁ“-m‘},‘;‘ 7 o e ” B s “"‘wn,_fm 7 ¥ et )
02 T
0.4
L6
08
T T T T T T
0 01 02 03 0.4 05 0.6 0.7 08 0.8 1mm
Paramétres calculés sur le profil sm11a03 Carte d'identité
centre pas > ... > Forme supprimée : )
Nor smllal3 centre pas > Zoosmée > Forme
Polynéme de degl’é 2 supprimée : Polynéme de degré 2
+ Paramétres caiculés par moyenne des 5 premiaves Axe : X
longururs de base. Lor}g‘ueur ¢ 1 pm
* Le filtrage de la microrugosité est desactivée. Taille ; 1001 points
Pas 0.001 mm
Paramétres ge rugesité, Fillre gaussien, 0.025 mm
23 0.0060568 Axel &
Ra . m .
Ra : Ecart moyen arithmétique du profil de Lopglleur z O'.35.707 Hm
; Taille : 39 digits
ansite. P 0.0091556
Rg = 0.0096033 pm as : LS
Rq : Ecart. noyen guadratique (RMS} du
protil de rugesité.
Rt G.21058 pm
Rt : Hauleur tetzle du profil de rugogite.
RPc = 0 picsimm (+/- 0.% pm)
RPc : Comptage des pics du protil de
rugosité.

P,

s Y i

Lirnite basse; 0 pm
Limite haute: .01 pm
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9.3 CM5-02

CM5_02 R Centre

pas 4 pas 0.1p
b 19 03 2004

— Longueur = 1 men L= 1.1719 pm Echalla = 1.1718 pm

0E

Paramétres calculés sur le profil CM5_02 R s
Brre tF 5 n1"“ 1:“3:*? F 10 I:I né Hom 1 CHS_ D2 R centrs jpas O.1u) 19 03 04
o ﬂl!l‘l me ae m‘ Memurd par @ G.Hofeaas
"Lohl E Lz Oocuments and SettlngssgabdhBur=auh=till
1% 03 34, pea
* Farasdttres calculés par moyenne des b premiéres 2E:0 :
lomgueurs de base. 14 =
* La Tiltrage e ls misropugoaled esr désactivd.
Prranitres do regosité, Filbee goussien, 0,025 e h‘:ﬁr;g‘u:ur . 1 mm
Ra 00085573 N Taille : 10001 points
Ra : Ecart mayen acithadtlgue du profil o Fa= : 0. 0001 mm
sugoaité.
Bg = 0.012778 pm Rxe ! I
Rg : Ecart moyen quadcatique {RMS) du Longueur : 1.1719 pm
prafll da rugoaité. Taille : 128 digits
Rt = 0.52107 pm Fas : D.0091556 um
Rt = Hautess totals du profil de rugositd.
REC = 0 plosdmm (+¢- 0.5 pm)
BBz ¢ Comptage des pice du profil de
EugosiTe.
Rq = 0.012778 pm
Hors normes
Limite bassa; O pm
r? L = Limin hauta: 001 pm

efe Foid.orecd

Mg coorrérs

MGURGINS W
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’ inn.rrt

:ru: ‘T_JI_ T

IR G: cozaiyy

Lirnfa bassa: O pm
Lirnite hante: 000 pm
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94 CM3-03
CM3_03 R Centre
pas & pas 0.1p
Ie 19 03 2004
.y Lamguma = 1 mm Ft= 11536 um Echoll = 11586 g
M
: e
(] o1 oz o3 l:l:l U:ﬁ 0.8 a7y [+E-] UI’E 1mm
— Longueur = 1 mim Pis 038453 pm Echelle = 0.5 pm
0.3
035
a2
015
a1 |
005 1
o ! i
=0.0% h
41 |
RALE ] _ i ) -
(1] (18] oz [ V) (8- (-] o oE [=R=] 1 mm
Paramétres calculés sur le profil CM3_03 R Carte d'identité
centre (pas 0.1p) 19 03 04 > Forme A H3_03 R centee (pas 0.1 13 03 04
supprimée : Polyndme de degré 10 Mesugs par @ GHETaaux - _
[ D: Yy Documents and Sel | pgatgakiyBureanistill
SdnTE [ 1 19 03 04, pre
e des 5 premiéres 9032004 14535518
et 90
bl wat désactive,
Parapttpes de ruge=itéE, Filbes gaus=ien, LOP5 Axe ¥
Longueur ¢ 1 mm
R - 0.014515 u Taille 1 10001 points
Ea 1 Ecart moyen arithmétigue du profil de Pas : 0, 0001 me
rlm; = 0.023215 pm Axe : I
EQ 1 Ecart moyen quadratigue |[RHS] du Langueur 1,1536 um
profil de rugoaite. Taille : 126 digits
Rt Pas : 0.0091556 um
e
rogosite
Rq =0.0232156 pym
Hors normes
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