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E070150-00
LASTI End Test mass Drawings

200 mm
«—  »
Side 1 LEM 1 Side 2
Flat Flat

3s0mm _ _ | _ _ _ _ _ _ _ _ :

Signification of the ARROW etched on the edge of thsubstrate:
* |t shows SIDE 1 where the HR coating is deposited
* |t shows where the optical part has its minimum thckness.
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E070150-00

SUBSTRATE
CHARACTERIZATION
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E070150-00
LEM 01 substrate Characterization

Before coating
Dimensions: diameter 350 mm, thickness 200 mm

LIGO
Requirements

LMA
Measurements

Roughness side 1

< ZA rms
Over Central 120 mm
diameter

1.03 +/-0.1A rms
(average value of 5
measurements)

Roughness side 2

Not specified

5.3 +/-0.5A rms
(average value of 5
measurements)

Wavefront side 1

<63 nm PV
Over Central 120 mm
diameter

277 nm PV — 74 nm RMS
Over O 120 mm

63 nm PV
Over 0 50 mm

19 nm PV - 3.8 nm RMS
Over O 25 mm

Defect Detection
Side 1

99 points (defect < 1um)
74 areas (defects >1um)
44 lines (scratches)
Over 100 mm diameter

Comments:

The side 2 was really dirty. Gloves marks were tbemerywhere and we have a lot of trouble to
clean them. Also, what was strange, we found ogelareas on this surface some marks which
looks like water which has dried on the surfacee ploblem is that we did not succeed in removing
these marks with our cleaning technique beforeicgat
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Roughness Side 1 E070150-00

Micromap 358 55 PHASE SURFACE CONTOUR DISPLAY Research 2.4V
LASTIA.DZ 226236 1xl 28¥ 558nm 273 in 1 Z887-84-24 1Z:8:2
roughness LASTI mirror, side A 3,08
. A
2]
1]

RMS: 1.82 A Term: QUARTIC
Ra: B.82 A R1: 34.42 m
P-u: 9.88 A RZ: -53.854 m
167 um x 1354 um RS : —11.85 m
Laboratoire des Materiaux Avances Villeurbanne France
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Roughness Side 2 E070150-00

Micromap 558 S5 PHASE SURFACE CONTOUR DISPLAY Research 2.4V
LASTIEB.D2 256x236 1xl 18X 558nm 22 in 1¥ 2887-84-27 16:47
roughness side B LASTI mirror 1.57
nM
1

RMS : B.33 nm Term: QUARTIC
Ra: B.41 nm Ri: T3.16 m
P-u: 14.327 nm R2: -12.22 m
328 um x 383 um RS : —29.33 m
Laboyratoire des Matéeriaux Avances Villeurbhanne France
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Wavefront Side 1 (O 120 mm) E070150-00

Phase Map 11978 « 119.78 mm
La=ti substrate LEMI1 B9:31-38 A4-27-2867
Part ID:side 1
Ra -63.92nm Power:-256.BB8nm
RMS:7d4_Alnm PY:-277_Adrm PTS5:9171E
14@._35
-136_69
Title: Lasti substrate LEH1 L.M.A. DATE: @4-27Y-Zga¥y ¢9:31:36
Fart ID: side 1 ADE-FHASE SHIFT Wedge: Surface
Cuzstomer: LIGO OptiCode - Phase Analgsis Software Polarity: =+
Operator: Version 4.23 tcd 1995-Z2066
Terms Subtracted: Tilt

Laboratoire des Matériaux Avancés May 2007
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Wavefront Side 1 (O 25 mm)

E070150-00

Phaze Map 25,28 » 25.20 mm
Lazti zubstrate LEMI B9:31:-3A A4-27-ZEET7
Part ID:=ide 1

Ra -3.221mm Power:-12_BZnm
RMS-3 . BAL1Am PV-18.92nm PTS:4112
18.729

-g.189

Title: Lasti substrate LEMIL L.M.A. DATE: @4d-ZF7-Za67 B9:31: 33

Fart ID: gside 1
Customer: LIGO
Operator:

Version .23 o)

ADE-FPHASE SHIFT
OptiCode - Phase Analysis Software

1995-zaae

Wedge: Surtace
FPolarity: =+

Terms Subtracted: Tilt
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Defects Detection Side 1

E070150-00

Measurement

Area:

| Circle |

Diameter:
| 1060.00 mm |

Total Scans
31416

Franes:IE:I

Focus Map
Load Ref

Test Image

Cleaxr

Parame teprs
Threshold:
| 35 || 255 |
Pixs Point

Side 1 LASTI

17:16 2807 -84-30

1860.8 mm x 188. Point: 99 Index D:~DEFAUTS 2887 ~AU

Zoom:

Laboratoire des Materiaux Avances
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Defects Side 1 E070150-00
Height 1.9 ym, width 40 ym

Micromap 55@ HAVE 1 SURFACE CONMTOUR DISPLAY Research 2.4U
LASTADES . D2 236x236 1xl 18N H3&eB 273 in 1% 2887-85-81 @9:43
Defect =ide A LASTI =ubstrate

LLL |

283

168

128

B8

80 124

RMS 64 nm Term: QUARTIC
Ra: 16 nm R1: -B.4186 m
P-u: 1899 nm RZ: -B8.24997 m
169 um x 133 um R&: -B.3128 m
Laboratoire des Mateéeriaux Avances Uilleurbanne France
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Defects Side 1
Height 1.9 ym, width 40 ym

E070150-00

SURFACE PROFILE DISPLAY

Research 2.4U

19X H3eld 2,3 in 1¥ Z2087-03-01 @9:43

658

Ea =a a6 58 Y] 7a 1) um

nM

508

400 |

FROFILE

E3Ed sev

Endpoints

Micromap 358 HAUVE 1
LASTADES . D2 296x236 1xl
Defect =zide A LASTI zubstrate
nmM
11"
48048
Ied
288
1689 |
e
=] 1@
RHS : 216 nm Term: QUHRTIC|
Ra: 171 nm Ri: -8.41836 m
P-U: 718 nm R2: -8.2497 m
Length: 183 um R%: —@.3128 m

Step: 1

_|...

Laboratoire des Materiaux Avances
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Defects Side 1 E070150-00
Height 1.9 ym, width 80 ym

Micromap 558 HWAUE 1 SURFACE CONMTOUR DISPLAY Research 2.4U
LASTADEF . D2 2561236 1xl 18¥ MWS68 2/3 in 1¥ Z2887-85-81 @9:29
defect side A Lasti substrate 1351
L+ nmH

2808
886

248

288

168
128
RME : 139 nm Term: QUARTIC
Ra: 63 nm R1: -B.1873 m
P-U: 1919 nm RZ: 9@, 46 mm
163 wum x 133 um R%: 1.1533 m
Laboratoire des Materiaux AvAances Villeurbanne France
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Defects Side 1
Height 1.9 ym, width 80 ym

E070150-00

Research 2.4V

o83

)

Micromap 558 HAVE 1 SURFACE PROFILE DISPLAY
LASTADEF. D2 296M236 1xl 18% M568 23 in 1% 2887-@5-81 @9:29
defect =zide A Lasti substrate
nH ] nH
800
600 608
180 | 180 |
208
a
a 28 4@ @ 2a 1ea um
PROFILE
EIEd 5o |
RHME : 333 nm Term: QUARTIC | Endpoints
Ra: 297 nm R1: -@.1873 m Step: 1
P-U: 1113 nm R2: 90.46 mm - | +
Length: 129 um R%: 1.133 m

Laboratoire des Materiaux Avances

Laboratoire des Matériaux Avancés
Université Lyon | — CNRS — IN2P3

22, Bd Niels Bohr

69622 — Villeurbanne Cedex FRANCE

Villeurbanne France

May 2007



Defects Side 1 E070150-00
Height 1.2 ym, width 100 ym

Micromap 558 MWAUE 1 SURFACE CONTOUR DISPLAY Reseanch 2.4V
LASTADEZ . D2 256236 1xl 18¥ HWSeB 2,2 in 1¥ 2087-85-81 @9:32
defect side A Lasti substrate 863
L+ nW

208
488
168

124

B@
168
RME 186 nm Term: QUARTIC
Ra: 47 nm R1: -—B.1123 m
P-U: 1178 nm RZ: —83.91 mm
165 um x 133 um R%: —97.34 mm
Laboratoire des Materiaux Avances Villeurbanne France
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Defects Side 1
Height 1.2 ym, width 100 ym

E070150-00

HAVE 1
2536x236 11

SURFACE PROFILE DISPLAY
18X¥ MWS6B® 2/3 in i¥ Z2\@87-85-81 @9:32

defect =side A Lasti substrate

Research 2.4U

799

600

a8g

Micromap S350
LASTADEZ . D2
nm
EBE
49@
EBE
8
[2]
RHM%: 278
Ra: 261
P-U: 840
Length: 9.4

1o

um

20

20 a8

=) =]

FROFILE

B3 <vev

Term: | GUARTIC |

Ri:
R2:
RE&:

Endpoints

-B3.1123 =
—85.91 mm
—97.34 mm

Step: 1

_|...

7@ um

Laboratoire des Materiaux AvAances
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Defects Side 1 E070150-00
Height 1.6 ym, width 50 ym

Micromap 558 HWAUE 1 SURFACE CONMTOUR DISPLAY Research 2.4U
LASTADES . D2 2561236 1xl 18¥ MWS68 2/3 in 1¥ Z2887-85-81 @9:37
defect side A Lasti substrate 1586
L+ nmH

1286
2088
886

168

1208

168
RMS : 119 nm Term: QUARTIC
Ra: 34 nm R1: -—8.1776 m
P-U: 1683 nm RZ: -B8.1497 m
163 wum x 1533 um R%: -B.1629 m
Labkoratoire des Matériaux Avances Uilleurbanne France
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Defects Side 1
Height 1.6 ym, width 50 ym

E070150-00

Micromap 558 HAVE 1 SURFACE PROFILE DISPLAY Research 2.4U
LASTADEZ . D2 296x236 1xl 183 H3e@ 2.3 in 1% 2887-a5-81 a@9:37
defect =zide A Lasti substrate 1586
nH ] nH
1208 1200
200 | 80 |
400
8
a 5 1@ 1S Za 25 Y] 35 4@ a5 um
PROFILE
EIFd 5o |
RHME : 318 nm Term: QUARTIC | Endpoints
Ra: 4537 nm R1: —@3.1776 m Step: 1
P-U: 15332 nm RZ: —@.1497 m - | +
Length: 33.8 um R%: —@.1625 m

Laboratoire des Materiaux Avances
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Defects Side 1 E070150-00
Example of scratch

Micromap 558 MWAUE 1 SURFACE CONTOUR DISPLAY Research 2.4U
LASTADE4. D2 296x236 1xl 183 H3e@ 2.3 in 1% 2887-85-81 a9:40@
defect =ide A Lasti substrate 228
L+ nM

=8

1608

128

B@ 128
RME : 31 nm Term: QUARTIC
Ra: & nm R1: —1.891 m
P-U: 988 nm RZ: -d.6114 m
165 um x 133 um R%: -—B.7836 m
Laboratoire des Materiaux Avances Villeurbanne France
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E070150-00

COATINGS
CHARACTERIZATION
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E070150-00

Coating Characterization
Ref. C07039 + C07040

LIGO
Requirements

LMA
Measurements

Coating Nature Side 1

High Reflective Coating
Transmission < 20 ppm
0° incidence

High index layer : Ti doped
TayOs — Formula 5**-

Coating Nature Side 2

Antireflective Coating
Reflection < 300 ppm

High index layer : Ti doped
Ta,Os — Formula 5**-

0° incidence
. 10.7 +/- 0.05 ppm
Transmission (ppm) T <20 ppm 0 112 mm
Reflection Side 2 (AR) R <300 ppm R =211 +/- 1(@m
282 nm PV — 75 nm RMS
Over 0 120 mm
<63 nm PV
Wavefront Side 1 (HR) Over Central 120 mm 64 anS(\e/r_DlSAf(')Brrrl]rrr? RMS
diameter
19 nm PV — 4 nm RMS
Over 00 25 mm
. . A<1ppm %
Absorption Side 1 (HR) O 120 mm 0.26 +/- 0.05 ppr(*)
**
. 1 R < 15 ppm 24 ppm overd 112 mm(**)
cattering Side 1 (HR) 0 120 mm 14 ppm over 40 mm
8 ppm overd 20 mm
HR Reflectivity at 670 nm > 5% R # 20-25 %
AR Reflectivity at 670 nm > 5% R # 6-8%

(*) The corner (variation of 0.05 ppm max) visible onlte absorption map due to the small
scale (0.1 ppm -0.3 ppm) is linked to the wedge dtiie substrate that can not completely

compensate on large scale maps (120 mm).

Laboratoire des Matériaux Avancés
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E070150-00

(**) This scattering level over 120 mm diameter can bexplained by the number (# 100) of
large defects (width 40-60 um, height 1-2 um) andcsatches detected before coating on the
LEM 1 substrate which create high scattering points

Laboratoire des Matériaux Avancés May 2007
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HR Transmission (O 112 mm)

Laboratoire des Matériaux Avancés - Villeurbanne — France

TCA7A39. 18R

Wavelength
= 1.8648pmn

Ref lectance
R = A.1E-84

Angles:
B1i
Bz

I

1.88°
1.88°
B.88°

apot Dia., mm
= 1.868

atep Size, mm
= 3.884

Scan Ctr., mm
X = B.884
Y - B.884

Laboratoire des Matériaux Avancés
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-56 -38 A 38 ob

Avg = 1.B66E-B5 s = 5.795E-H7

E070150-00

Ref 1
LOG

1.162E-B5
1.147E-B5
1.132E-B5
1.117E-B5
1.183E-B5
1.B89E-B5
1.875E-B5
1.861E-B5
1.847E-B5
Sub Scale
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Wavefront Side 1 (HR) (O 120 mm) E070150-00

Phaze HMap 126,48 = 1Z8.48 mm
CATA4A AH:5B8:55 A5-11-2AA7
Part ID:HRE aon =ide 1 LASTI
Ra :B4.B3nm Pawer:-259_36nm
RMS: 7d4.9Bnm PY:Z2BZ. BHBnm PTS:92784
14291
-139._9@8

Title: Cerede L.H.A. DATE: ©5-11-2887Y ©B:58:55

Fart ID: HE aon side 1 LASTI ADE~-PHASE SHIFT Wedge: Surface

Cugtomer: LIGO OptiCode — Phase Analysis Software Folarity: +

Operator: Version 4.23 ol 1995-Z@@e

Terms Subtracted: Tilt

Laboratoire des Matériaux Avancés May 2007
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Wavefront Side 1 (HR) (O 25 mm)

E070150-00

Phaze Map 25.98 x 25.98 mm
CAYAdA BA-58:55 @A5-11-2687
Part ID:HR on =ide 1 LRASTI
Ra :3.483nm Pawer:-13.72rm
RMS:3_ 9B83nm P¥:18_94nm PTS-4352
18.325
-B.616
Title: Carada L.M.A. DATE: @5-11-Zaa? @B8:589:55
Fart ID: HRE aon side 1 LASTI ADE-PHASE SHIFT Wedge: Surface
Customer: LIGO OptiCode — Phase Analysis Software Polaritygy: +
Operator: Version 4.23 tc) 19395-Z@ge

Terms Subtracted: Tilt

Laboratoire des Matériaux Avancés
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HR Absorption (O 120 mm)
Absorption [ppm], échantillon :C07040a01

Y [mm]

Laboratoire des Matériaux Avancés
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E070150-00

0.4

0.35

0.3

0.25

0.2

0.15

0.1
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HR scattering (0 112 mm) E070150-00
Laboratoire dez Matériaux Avancés - Villeurbamme - France

CA7A39. 18R
L6
Wavelength Y mm
= 1.8648pPm
40 BRDF
Ref lectance LOG
R = B.9785
2B
Ang les ! 1.6857YE-83
8i = 3.88° 3.863E-84
bz = 13.8@° B 1.412E-84
¢ = B.88° 5.163E-H5
1.888E-85
Spot Dia., mm —Z8 h.981E-86
= 1.888 2 .523E-86
9.224E-87
Step Size, mm -4H 3.372E-87
= 1.888 Sub Scale
Scan Ctr., mm -56
X = B8.888 X mm -56 -38 H 38 L6
Y = B.888 Avg = 5.947E-B5 g = 5.129E-84
Laboratoire des Matériaux Avancés May 2007
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HR Transmission Spectrum on witness sample CO7036

Diare: 16/08/7 Laboratoire des Matériaux Avancés

Time: 13:54:51 Université LYON I - Villeurbarne France
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E070150-00
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Spectrum Name: C:\DATA\GC2007\C07036R.SP
Description: (HB)170.57H2.478 apres rec LASTL
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HR Reflection Spectrum on witness sample CO7036 E070150-00
Date: 16/05/7

Laboratoire des Matériaux Avancés
Time: 14:52:39 Universite LYON I - Villeurbanne France
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Spectrum Name: C:\DATA\GC2007\RCO7036R.SP

Descrintion: réflexion CO7036
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AR Transmission Spectrum on witness sample C07038 E070150-00

bate: 16/089/7 Laboratoire des Matériaux Avancés
Time: 14:49:05 Universite LYON I - Villeurbanne France
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Spectrum Name: C:\DATA\GC2007\C07038R.SP

Description: AR @ 1064 nm sur /&GO apres recuit
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AR Reflection Spectrum on witness sample CO7038

Date: 16/05/7
Time: 14:56:05

43.3

Laboratoire des Matériaux Avancés

Université LYON T - Villeurbanne France

E070150-00
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Spectrum Name: C:\DATA\GC2007\RC0O7038R.SP

Description: reflexion CO7038
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