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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 contrôle dimensionnel MECASEM NBO.02.1033 
RD2 Rapport de contrôle dimensionnel MECASEM NBO.03.0116 
RD3 Rapport de contrôle 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 
designation 

S/N WFE Surface 
Roughness

Mech 
Metrology 

CM3   03  X X 
CM5   02  X X 
PM10   02 X X(1) X 
PM11  03 X X(1) X 
PM6   02   X 
PM7 03 X X(1) X 
PM8 02  X(1) X 
PM9 01 X X(1) X 
SM10A 03 X X(1) X 
SM10B 02 X X(1) X 
SM11A   03  X X 
SM11B   02   X 
SM12A  02 X X(1) X 
SM12B  02 X X(1) X 
SM6 02   X 
SM7   03 X X(1) X 
SM8A 03  X X 
SM8B 03   X 
SM9A 02 X X(1) X 
SM9B 01 X X(1) 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 µ RMS and the tolerance on the 
radius of curvature is specified at : ∆R/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 0.1µm. 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). 
 

Z

Y

 
Figure 1: Reference coordinates system for mirrors 

7 Measurement results 
 
The table of the following sheet gives the main results of the measurements. 
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Center of curvature 
Location wrt the 

Mirrors coordinates 
Spec 

< 0,05mm 
< 0.5 arcmin 

Center of 
curvature 

Location wrt the  
Mirrors 

coordinates 
Spec 

< 0,05mm 
< 0.5 arcmin 

Subass'y Mirrors 
designation

S/N Type Surface 
Shape (µm)
(spec< 1µm 

RMS) 

Surface 
roughness 

(nm) 
(Spec < 10 
nm RMS 

R or Rz 
theoritical 

(mm) 
Warm 

condition 

R or Rz 
measured 

(mm) 
Warm 

condition 

∆R/R 
(Spec 
∆R/R < 

10-3) 

Xm Ym 

CC or Ry 
theoritical

(mm) 
Warm 

condition 

CC or Ry 
Measured 

(mm) 
Warm 

condition 

∆R/R 
(Spec ∆R/R 

< 10-3) 

Xm Ym 

Fore optics                
 
 

    CM3 03 Off axis 
Asphere 

NM (1) 23 nm 365,963   

 

-0,5095   

 

     CM5 02 Toric NM  12 nm 295,861 295,846 10-4 
3,98 

279,573 
 

280,007 3 10-4 
2,62 

Photometer                
 0,19 0,72   PM6 02 Toric NM  NM 308,766 309,678 2,9 10-3 
2,1 arcmin 

360,912 361,923 2,8 10-3 
6,7 arcmin 

9,7 10-3 6,7 10-3  PM7 03 Sphere 0,3 (2) 332,073 331,899 
 

0,5 10-3  
 0.11 arcmin 

     

15 10-3 -3,1 10-3 PM8 02 Sphere 0,3 (2) 287,841 287,777 
 

0,2 10-3 
0.18 arcmin 

     

0,6 10-3 12 10-3  PM9 01 Sphere 0,2 (2) 352,307 352,199 
 

0,3 10-3 
0,11 arcmin 

     

 PM10 02 Flat 0,7 (2)           
 PM11 03 Flat 0,5 (2)           
Spectrometer                

 0, 11 0,17   SM6 02 Toric NM NM 271,040 271,023 6 10-5 
1,3 arcmin 

525,964 524,645 2,5 10-3 
1,1 arcmin 

 SM7 03 Flat 0,6 (2)           
 -0,04 0,27   SM8A 03 Toric NM 15 nm 231,296 230,909 1,6 10-3 
0,54 arcmin 

202,838 202,831 0,2 10-3 
4,5 arcmin 

 -0,06 0,25   SM8B 03 Toric NM  NM 231,296 230,844 1,9 10-3 
0,89 arcmin 

202,838 202,815 0,1 10-3 
4,1 arcmin 

7,2 10-3 2,2 10-3  SM9A 02 Sphere 0,3 (2) 260,577 261,024 
 

1,7 10-3 
0,09 arcmin 

     

-1,3 10-3 -5,4 10-3 SM9B 01 Sphere 0,3 (2) 260,577 261,008 
 

1,7 10-3 

0,07 arcmin 
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Center of 
curvature 

Location wrt 
Mirrors 

coordinates 
Spec 

< 0,05mm 
< 0.5 arcmin 

Center of 
curvature 

Location wrt the 
Mirrors 

coordinates 
Spec 

< 0,05mm 
< 0.5 arcmin 

Subass'y Mirrors 
designation

S/N Type Surface 
Shape (µm)
(spec< 1µm 

RMS) 

Surface 
roughness 

(nm) 
(Spec < 10 
nm RMS 

R or Rz 
theoritical 

(mm) 
Warm 

condition 

R or Rz 
measured 

(mm) 
Warm 

condition 

∆R/R 
(Spec 
∆R/R < 

10-3) 

Xm Ym 

CC or Ry 
theoritical

(mm) 
Warm 

condition 

CC or Ry 
Measured 

(mm) 
Warm condition

∆R/R 
(Spec ∆R/R 

< 10-3) 

Xm Ym 

2,8 10-3 6,9 10-3 SM10A 03 Sphere 0,3 (2) 261,079 261,446 
 

1,4 10-3 
0,09 arcmin 

     

12 10-3 9,7 10-3 SM10B 02 Sphere 0,3 (2) 261,079 261,355 
 

1,1 10-3 
0,19 arcmin 

     

 0,04 0,07   SM11A 03 Toric NM 15 nm RMS 197,808 197,774 0,16 10-3 
0,6 arcmin 

170,545 170,506 0,2 10-3 
1,3 arcmin 

 0,02 0,07   SM11B 02 Toric NM NM 197,808 197,763 0,23 10-3 
0,4 arcmin 

170,545 170,533 6 10-5 
1,3 arcmin 

 SM12A 02 Flat 0,4 (2)           
 SM12B 02 Flat 0,2 (2)           

Table 2 : Optical measurement results 
 
(1) : NM = Not measured at LAM 
(2) : All these mirrors have been manufactured with the STM mirror batch 
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. 
 

8.1 SM10A–03 
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8.2 SM10B–02 
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8.3 SM9A-02 
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8.4 SM9B-01 
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8.5 PM9-01 
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8.6 PM7-03 
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8.7 PM11-03 
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8.8 PM10-02  
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8.9 SM12A-02 
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8.10 SM12B-02 
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8.11 SM7-03 
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9 Surface roughness measurement 

9.1 SM8A – 03 
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9.2 SM11A–03 
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9.3 CM5-02 
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9.4 CM3–03 
 

 


