SEM Results for Withess Sample
SN C21094 80mm
(SN1009-LMAOO5S)

80 mm optic coated with a Ti:Ta205/SiO2 HR stack
Optic mount, shutter, nearby panels were ALL covered in clean room foil.

Stephen Appert, Maria Gomez
Originated 03 October 2021
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#

Overview of SEM results

Ref: c21091 e O07.tif

“Top 10” compositions:
- 5x Aluminum (1)
- Remaining are coating

“Top 107 sizes:

- >20 um =1x

- 20 ym =size 210 ym = 3x

- < 10 “m = 6X Mag= 3.00KX EHT=10.00kVY WD= 83mm Signal A= VPSE Date :25Aug 2021
Interesting composition features: Ref: ¢21091_b_03.tif

- 1x Titanium, sub-10 micron (11)
- 2x Aluminum, tiny and sub-10 micron (14, 45)
- 2x Sodium (35, 36)

60 features measured in total (>600 ppm).
- 9 of 60 are larger than 10 microns.

11111
0KV WD= 84mm Signal A= VPSE Date :25 Aug 2021
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$80 mm HR sample (C21094-10), F@Y-
=0.30 mm, Step=0.20 mm)

RTS Map > il
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A B C ‘ D E
1 No 4 D Bl Xopsc (mm)Ed  Yopsc (mmEd Absorption (ppmig -10
4| 3 a 2.338 20.613 88127
7 6 b -5.363 18.413 12921 -15
23| 22 c -4.094 4.212 51664
26| 25 d 4.239 3.810 24500 20
30| 29 e 29.826 -1.186 24118
31| 30 f -5.102 -1.795 12888 -25
32| 31 g -6.292 -2.190 29136 Sl 9 )5( 0, A 20 2% A
38| 37 h 10.759 -5.187 12149 (mm)
54| 53 i -10.015 -15.790 19348 i
56 55 j 4.177 -16.792 14747 ;’:::S 4:’:;;
62 M1 (next to "F") 0.000 -30.000 s o1
63 M2 0.000 30.000

Count

HR Absorpti
Reminder that all images are posted to Catalog sorglion (po)
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Catalog and References

All images referenced are posted to 72000733

Raw Aztec project files:
- All features = “c21094 80mm 20211001.0ip”

Note that composition data and images exist for all features; the top 10 absorbers
are presented in these slides, along with the “interesting composition” lower
absorbing features.
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https://dcc.ligo.org/T2000733

Mounting

Carbon tape on back surface
Best effort centering
M1 and M2 used to align

Note: When no RTS photo was
available, “calibrated” to typical
offset using known features,
and attempted to make ID
based on feature size. Felt
comfortable in all IDs - no
confusing scenarios with more
than 2 possibilities.
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3:26:47 PM|

2021/05/30 2021705730}

Point A - 88127 ppm
Aluminum (oxide?)

Lens: Z250:X1000} 5T

Spectrum 16 Spectrum 21
Element Weight% o Weight% o

0 365 12 232 13 B Spectrum 16

Ta 316 1.8 585 26

Al 204 07 00 02 Spectrum 21 ~

Si 86 08 126 1.0

T 13 04 22 06 ; — m

Ar 08 02 15 03 15 s —
03 05 00 05
02 04 01 04
0.1 02 00 02
0.0 03 01 03
00 35 16 37
00 14 00 13
00 11 00
0.0 02 00
00 10 0.0 13

[-bY- b1 - b1~ PY-bY - b - bY - BY- b)Y - bY - Y - b1 - BY - b1 - B)

Copy

EHT
Powered by Tru-Q®

(X-axis is zoomed for visibility of peaks)
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32621

2021/05/30) [2021/09730]

Point A- 88127 ppm
Aluminum (oxide?

Spectrum 16 Spectrum 21
Element Weight% o Weight% o
0 365 12 232 13 Spectrum 20
Ta 316 18 585 26 +
Al 204 07 00 02
Si 86 08 126 1.0 Spectrum 19
Ti 13 04 22 06 +
Ar 08 02 15 03
Cu 03 05 00 05
S 02 04 01 04
Na 041 02 00 02
Ca 00 03 01 03
Ni 00 35 16 37
N 00 14 00 13
Mo 00 1.1 00 1.3

) ectrum 17
Lt +Specgrpuer§{ig;; ¥
+

Magnification: X1000.0;

mb

Spectrum_ﬂ%peamm 16
. T a i s Spectrum 15

+
Spectr 3
7 +ls?9elﬁum 14

Spectrum 21
+

! |

50um
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2021/09/30 2021705730

Point B - 12921 ppm
Coating

Spectrum 22 Spectrum 25

Element Weight% o Weight% o
Ta 556 28 550 1.6
O 227 13 236 10
Si 146 1.1 145 1.0

Ti 34 06 29 05 : B Spectrum 22
Ar 16 03 19 03

Fe 1.0 13 19 13 Spectrum 25 ~
S 06 04 00 04

Ni 03 40 00 36 S —

Cu 01 05 00 05 : = 8
Al 00 02 00 02 :
Ca 00 03 02 03
K 00 03 01 03
N 00 13 00 13

00 14 00 14
Na 0.0 02 00 0.2

Magnification: X1000.0) [Magnification: X1000.0]
Lens: 7250:X1000! 2 [Lens: 250.x1000}

Ref: c21094_80 b_01.tif

- b1~ b1~ bl - PR~ b1~ bl - b1~ Y- b1 - bY - BY - Y - bY - b - b}

Copy

Powered by Tru-Q®

Mag= 400KX  EHT=1000kV WD= 85mm SignalA=VPSE Date :1Oct2021

(X-axis is zoomed for visibility of peaks)
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2021/09/30] 2021/09/30)

Point C - 51644ppm

Aluminum ®

Spectrum 158  Spectrum 162
Element Weight % o Weight% o 1 Lo 2250x1000)

Ta 578 3.1 575 21
O 209 15 224 12
Si 128 13 136 1.2

Ti 26 07 25 07 . ? B Spectrum 27
Ar 23 04 20 04 =
Ni 22 41 00 43 Spectrum 36 ~

Mo 06 18 04 18
K 03 03 04 03
Cu 03 07 10 07
Na 01 02 02 02
Al 0.0 02 0.0 02
N 00 22 00 22
Ca 00 03 00 04
S 00 06 0.0 06
Fe 00 16 00 16

(- b1~ b1 -bY- b1~ ) -bY- b1 - Y- Y- b)Y - b1 - bY - b1 - bY - b)

Copy

Powered by Tru-Q@

Mag= 4.00KX EHT=10.00kVY WD= 85mm SignalA=VPSE Date :1 Oct 2021

(X-axis is zoomed for visibility of peaks)
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2021/09/30] 2021/09/30)

Point C - 51644ppm
Aluminum

Spectrum 158  Spectrum 162
Element Weight % o Weight% o
Ta 578 3.1 575 21
O 209 15 224 12
Si 128 13 136 1.2
Ti 26 07 25 07
Ar 23 04 20 04
Ni 22 41 00 43
Mo 06 18 04 138
K 03 03 04 03
Cu 03 07 1.0 07
Na 01 02 02 02
Al 00 02 00 02 Spectrum 215pedmm 26
N 00 22 00 22 . 4 Spedrum 29
Ca 00 03 0.0 0
S 00 06 0.0

Fe 00 16 00 1. 0 Spectrum 285p5dm"§g;dmm 32 +Spectrum 34

Spectrum+30
-+

Spectrum 33
_4.
Spectrum 35
+

Spectrum 37

-

Spectrum 36 Copy

o] o] ] L 5 )
2 | 1

25um

(X-axis is zoomed for visibility of peaks)
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Po

Aluminum (local only, 2 micron)

Element
Ta
e}
Si
Al
Ti
Ar
Mo
Cu
Na

2021/09/30]

int D - 24500 ppm

Magnification: X1000.0; e [Magnification: X1000.0}
Lens: Z250:X1000) ST

B Spectrum 44
Spectrum 44 Spectrum 49 4 $
Weight % o Weight% o 2 Spectrum 49 ~
50.2 1.8 551 17 :
223 10 245 141
137 1.0 147 1.0

78 04 00 02 5
27 06 20 06 3 . Wtk o
502 18

19 03 21 03
223 10

06 14 00 14
06 05 02 06 137 10
78 04

02 02 01 02

00 03 01 03

00 04 04 04 27 06

00 14 08 14 19 03
06 14
06 05

00 03 00 03
02 02

00 14 00 14

00 40 00 40
00 03
00 04

00 14
0.0

00 14
00 40

-1 - b1 - b1~ b1~ bl - Y- DY -] - b1 - b1 - bY - b1 - b1 - b1 - b}

Copy

Powered by Tru-Q®

VPSE Date :1 Oct 2021

(X-axis is zoomed for visibility of peaks)
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2021/09/30] 2021/09/30)

Point E - 24188 ppm
Coating

' 4

Spectrum 51 Spectrum 58 N

Element Weight% o Weight% o
Ta 574 27 531 28
O 229 13 223 14
Si 135 1.1 143 11
Ti 30 06 23 05
Ar 18 03 18 03

Fe 07 13 18 13 B Spectrum 51
Ca 05 03 04 03 i

S 01 04 00 04 . Spectrum 58 ~
K 01 03 00 03

Ni 01 38 20 38 15 = m
N 00 13 09 13 =

Mo 00 14 08 1.3
Cu 00 05 02 05
Na 00 02 02 02
Al 00 02 00 02

-1 -1~ b1~ b1~ bl - b1 - Y- b) - bY - b1 - b1 - B) - b - b - b

Copy
Powered by Tru-Q®

800KX  EHT=10.00kV WD= 85mm SignalA=VPSE Date :1 Oct 2021

X-axis Is zoomed for viibility 0 peas
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5:3207_PM] 53224 P}
2021/05/30 [2021/09730)

Point F - 12888 ppm
Coating

Spectrum 59 Spectrum 67
Element Weight% o Weight% o
Ta 510 24 547 27
O 242 13 242 14
Si 144 1.0 146 11
Ni 49 32 15 40
Ti 26 05 19 05
Mo 17 12 00 14 - I Spectrum 59
Ar 09 03 16 03
Fe 04 12 07 13
S 00 04 05 04
K 00 02 03 03
Al 00 0.1 0.0 0.2
N 00 13 00 14
Cu 0.0 05 0.0 05
Na 0.0 02 0.0 0.2
Ca 00 03 00 03

Magnification: X1000.0] [Magnification: X1000.0
Lens: 7250:X1000 1 [Lens: 7250:x1000]

Spectrum 67 ~

(- b1~ b1 -1~ bJ- - b1 - b1 - b1 - B~ Y- b1 - b1 - bY - b - B)

Copy

Powered by Tru-Q®

(X-axis is zoomed for visibility of peas)
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5:36.27 PM 5:36:44 PM

2021/09/30) 2021/09730)

Point G - 29136 ppm

Aluminum (alloyed with Cu -
if wrought, 2000 series; local only) 1

Spectrum 74 Spectrum 79
Element Weight% o Weight% o
Al 421 20 00 0.1

Ta 305 23 568 26 ' M Spectrum 74

O 123 08 241 13

Si 85 09 134 1.1 25= Spectrum 79 ~

Ni 19 33 10 38

Cu 1.8 05 00 05 — H‘P
T 12 04 25 06 =

Mo 08 12 00 14 Wtk o Wtk o

Ar 0.7 03 20 03
K 02 02 00 03
Fe 00 12 00 14
S 00 04 02 04
N 00 12 00 14
Na 0.0 02 00 02
Ca 00 03 00 03

421 20
305 23
123 08
85 09
19 33
18 05
12 04
08 12
07 03
02 02
00 12
00 04
00 12
00 02
00 03
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Copy

Powered by Tru-Q®

8.00KX EHT=10.00kV WD= 85mm Signal A=VPSE Date :1 Oct 2021

~y ~y S I ] wu

(X-axis is zoomed for visibility of peaks)
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539.45 PM| 54009 PV}
2021/09/30 2021/09730)

Point H - 12149 ppm
Coating

Spectrum 82 Spectrum 88
Element Weight% o Weight% o

Ta 530 16 548 29

O 267 10 232 14

Si 139 09 158 1.2
Ti 28 05 25 06
Fe 13 12 02 14
Ar 13 03 17 03
Cu 04 05 02 05

Na 03 02 01 02 B Spectrum 82
Ca 02 03 00 03
S 02 04 00 04 Spectrum 88 ~

Ni 0.0 35 12 41
Mo 0.0 13 02 14
K 00 02 01 03
Al 0.0 01 0.0 02
N 00 14 00 14

(- b1 - b1~ b1~ 2] -b]- Y- ) - b) - b1 - b1 - bY - b) - b1 - b) - b}

Copy

Ref: ¢21094_80_h_01.tif Powered by Tru-Q8

Mag= 800KX  EHT=10.00kV WD= 85mm Signal A=VPSE Date :1 Oct 2021

(X-axis is zoomed for visibility of peaks)
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5:43.48 PM| 54411 PM
2021/09/30 [2021/05/30)

Point | - 19348 ppm
Aluminum o .

Spectrum 103 Spectrum 105

Element Weight% o Weight% o =

Ta 420 25 554 26
Al 220 12 00 02
0 174 11 231 13
Si 117 11 144 11
Ni 31 39 23 38
Ti 22 05 26 05
Ar 11 03 17 03 : .Spectvum 103
Ca 04 03 00 03 S

S 03 04 05 04 Spectrum 105 ~
Na 041 02 00 02
N 00 13 00 14 —

Mo 00 14 00 13 = m
Cu 00 05 00 05 1
K 00 03 00 03
Fe 00 13 00 14

10pm

Ref: c21094 80 i 01 tif
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Powered by Tru-Q®

PSE Date :1 Oct 2021

(X-axis is zoomed for visibility of peaks)
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43205 PM) 43235 PM|

2021/08/11 [2021/08/11]

Point J - 14747 ppm
Coating

Spectrum 89 Spectrum 96
Element Weight% o Weight% o

Ta 546 1.7 540 18

O 258 11 235 11

Si 141 1.0 140 1.0
Ti 24 06 29 06
Ar 13 03 20 03
N 06 14 00 14

S 04 04 00 04 S B Spectrum 89

K 04 03 00 03

Ca 02 03 00 03 Spectrum 96 ~

Cu 02 05 03 05

Na 01 02 0.1 0.2 15 = W
Fe 00 13 17 1.3

Mo 0.0 14 15 13
Al 0.0 02 00 02
Ni 0.0 40 0.0 3.9

10pm

Ref: ¢21094_80_j_01.tif
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Powered by Tru-Q®

Mag= 800KX  EHT=10.00kV WD= 84mm SignalA=VPSE Date:1 Oct2021

(X-axis is zoomed for visibility of peaks)
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Point 11 - 5458 ppm
Titanium (local only, 2 micron)

Spectrum 149 Spectrum 154
o Weight %

Element Weight %
Ta 385 25
Ti 246 1.6
O 19.2 13
Si 94 1.0
Ni 46 4.1
Ar 21 03
Fe 11 14
Mo 04 13
Al 0.1 0.2
Cu 0.1 05
Ca 00 03
Na 0.0 0.2
K 00 03
N 00 12
S 00 04

57.2
1.8
241
14.2
0.0
23
0.0
0.0
0.0
0.2
0.1
0.0
0.2
0.0
0.0

1.5
0.6
1.0
1.0
3.8
0.3
14
14
0.2
0.5
0.3
0.2
0.3
1.4
0.5

o

10um

Ref: c21094_ 80 11_01.tif

Mag= 8.00KX

(X-axis is zoomed for visibility of peaks)
Table of Contents

EHT=10.00kY WD= 84mm SignalA=VPSE Date :2 Oct 2021
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Point 14 - 3810 ppm

Element
Ta
e}
Si
Al
Ti
Ni
Ar
S
Cu
Mo
Ca
N
Na
K
Fe

Spectrum 166 Spectrum 171

Weight %

35.4
311
19.0
8.4
3.1
1.8
0.8
0.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0

23
1.6
1.2
0.5
0.5
3.5
0.3
0.4
0.5
1.2
0.3
1.4
0.2
0.2
1.2

226
13.3
0.0
29
55
1.9
0.0
0.1
1.4
0.1
0.0
0.0
0.0
0.0

o Weight %
523 2.8
14
1.1

0.2
0.5
3.8
0.3
0.4
0.5
1.3
0.3
1.3
0.2
0.3
1.2

Ref: c21094 80 14 01.tif

Mag= 8.00KX

(X-axis is zoomed for visibility of peaks)
Table of Contents

EHT=10.00kV WD= 87mm Signal A=VPSE Date :2 Oct 2021

B Spectrum 166

Spectrum 171
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Point 35 - 9048 ppm
Carbon, Sodium (local only, 2 micron)

Spectrum 224  Spectrum 226
Element Weight % o Weight% o
Ta 443 24 539 25
O 203 12 218 1.2
C 191 25 00 25
Si 96 09 152 1.1
m 21 05 30 05 Si Ko
| . . N .
Ar 12 03 18 03 ’ Spectrum 226 ~
Na 06 02 02 0.2 -
Mo 02 11 00 14 : = %"
Cu 0.1 05 03 05 i
S 00 04 00 05
Al 00 01 0.0 0.2
K 00 02 05 03

Fe 00 11 04 13 Ref: C21094_80_35_01.tif

B Spectrum 224

N 00 14 00 12
Ca 00 03 00 03

- b1~ b1 - bX- b1~ b1 - b1 - bY- Y- b1 - b1 - b1 - Y- b1 - ) - bY - b]

Mag= 800KX  EHT=10.00kV WD= 84mm SignalA=VPSE Date 2 Oct 2021

Copy

Powered by Tru-Q®

(X-axis is zoomed for visibility of peaks)
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Point 36 - 1533 ppm
Carbon, NaCl

Spectrum 229  Spectrum 232
Element Weight % o Weight% o
Ta 316 22 552 28
C 218 29 00 23
O 186 12 218 13
Na 91 06 02 02 B Spectrum 229
Si 85 09 134 11
Mo 43 14 13 13 " Spectrum 232 ~
Ni 33 3.0 33 34 .
Ti 09 05 32 05 15 — m
Fe 0.7 1.1 00 13 : S SSS_SSSS =
K 06 03 01 03
Ca 02 03 01 03
Ar 02 03 17 03
Al 00 02 00 02
N 00 16 00 1.1
Cu 00 07 00 05
S 00 05 00 04

Ref: c21094 80 36_01.tif
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Mag= 400KX  EHT=1000kV WD= 85mm SignalA=VPSE Date 2 Oct 2021

Copy

Powered by Tru-Q®

(X-axis is zoomed for visibility of peaks)
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Point 43 - 1944 ppm
Coating (specifically Silica, apparently)

Spectrum 253  Spectrum 255
o Weight %
1.0
1.0
1.8

Element
(e}
Si
Ta
Ni
Ti
Ar
Fe
C
Ca
S
Na
Cu
K
Mo
Al
N

Weight %

36.1
29.6
27.6
26
1.5
0.8
0.7
0.3
0.3
0.2
0.1
0.1

20
1.7
23
3.2
0.4
0.2
11
26

226
16.0
53.3
0.0
3.0
1.7
25
0.0

03 0.0

0.4

0.0

02 0.0
05 0.0

0.2

0.4

12 06

0.1
1.3

0.0
0.0

3.8
0.6
0.3
13
2.5
0.3
0.4
0.2
0.5
0.3
14
0.2
1.2

Ref: c21094 80 43 01.tif

400KX  EHT=10.00kV WD= 83mm Signal A=VPSE Date :2 Oct 2021

(X-axis is zoomed for visibility of peaks)
Table of Contents

B Spectrum 253

Spectrum 255 ~

(-1~ b1-b1-b1-bY-bY- Y- b1 - b1 - b1 - b - b - BY - b1 - bY - b]

Copy
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Point 45 - 8040 ppm

Aluminum (oxide?)

Spectrum 266  Spectrum 270
o Weight %
56.3 2.7
1.3
1.1

Element
Ta
e}
Si
Al
Cc
Ti
Ni
Ar
S
K
Na
Mo
Cu
N
Fe
Ca

Weight %

39.4
28.6
171
8.7
1.7
1.7
1.3
0.9
0.2
0.2
0.1
0.0
0.0
0.0
0.0

25
1.6
1.2
0.5
24
0.5
3.4
0.3
0.4
0.3
0.2
1.2
0.5
1.3
1.3

223
14.4
0.0
0.0
23
2.0
1.7
0.0
0.0
0.0
0.8
0.0
0.0
0.0

0.2
25
0.5
3.7
0.3
0.5
0.3
0.2
14
0.5
1.2
13

00 03 0.0 03

Ref: c21094 80 45 01.tif

Mag= 400KX

EHT=10.00kV WD= 84mm Signal A=VPSE Date :2 Oct 2021

(X-axis is zoomed for visibility of peaks)
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B Spectrum 266

Spectrum 270 ~

= 9

(- b1~ Pl - bl - Y- Rl - bl - Y- BY - bY - bY- b1 - bY - - bJ - b - b

Copy
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