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1 Introduction

This document details the assembly and alignment of the AOS Faraday Isolator (OFI) Assembly,
D0900136. The OFI is one element of the Stray Light Control (SLC) subsystem.

The OFI will be assembled and aligned in a Class A environment that meets the following Clean
room standards:

For a clean assembly all LIGO standards should be followed, as presented in the latest version of
the LIGO Contamination Control Plan (E0900047). Clean room garb including UHV gloves
should be worn when working with parts.

All tools that come in contact with assembly should be cleaned to class B standards.

Assembly will be done under a portable clean room. Any time a part of the assembly is not covered
by the portable clean room or is not being actively worked on it should be covered with appropriate
clean covers, e.g. C3 polyester or equivalent.

Alignment will be done on an optical bench inside a CLASS 100 enclosure.

All parts that will be included in the final assembly must be cleaned to LIGO standards, Class A.
The list of parts to be Class A-cleaned includes screws, washers, inserts, and assorted other
hardware. All tooling and other parts that are not included in the final assembly, but that contact
Class A parts during assembly must be cleaned to LIGO standards, Class B.

This procedure must be read before beginning the assembly and alignment of the OFI.
2 OFI Assembly

2.1 Overview of the D0900136 OFI Assembly

The OFI is comprised of the following sub-assemblies, as shown in Figure 1.
D0900048 DAMPER HOLDER ASSEMBLY

D0900623 FARADAY ISOLATOR TABLE ASSY

D0900586 UPPER WIRE ASSY

D0900170 EARTHQUAKE CROSSBAR ASSY

D1002256 EARTHQUAKE CROSSBAR_IN ASSY

D0900579 BLADE GUARD ASSY

D0900655 STRUCTURAL WELDMENT ASSY, OMC

Note: Use torque values specified in T1100066 Torque Values, unless a different value is indicated
on the sub-assembly drawing.
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Table 1: Bill of Materials, D0900136 Faraday Isolator Assembly

18 DOSD0048 DAMPER HOLDER ASSEMBLY - 1 0
17 DOY00623 FARADAY ISOLATOR TABLE ASSY - 1 0
16 11854ENS00 | #1/4-20 X 500 HELICOIL [Emhart F/N 1125-4EN500] | Nitronic 60 | 4 0
15 932354248 SHCS, .25-20 x 1.13 LG. 1808 S5TL, Vented 4 0
14 - WASHER, FLAT, £8 [NAS 620-C8 OR EQUIVALENT] | 30035STL | 4 0
13 DOSD056E UF BLADE CLAMP TOP E0S1TE Al | 2 0
12 D058 UPPER WIRE ASSEMBLY N/A 2 0
1 92700A199 832 x 1, SHCS 30055TL 12 0
10 DOS01514 BLADE CLAMF PLATFORM E0S1TE Al | 2 0
; 220051 94 SCREW, SHC, B:32x 172, MS16955-25. 1T oossL | 16 .
B I SCREW, SHC. 1/420x 3/8, 51699547, MC N 0
7 2000A542 | Screw, Socket Head Cap, 1/4-20 UNC-2A x 1.001g. | 3003STL | 8 0
. $2500A540 SCREW. SHC. 1/4-20 x 3/4, M516995-50, MC a0zt | s 0
5 DOS00170 EARTHQUAKE CROSSBAR ASSY - 1 0
4 01002256 EARTHQUAKE CROSSBAR_IN ASSY - 1 0
3 DOY02845 REFLECTION BAFFLE AAmITEN 0
2 DOSO0579 BLADE GUARD ASSY - 2 0

DOP0065S STRUCTURAL WELDMENT ASSY, OMC 7 1 0

Dref
Td | paRT NUMBER DESCRIPTION MATERIAL ?E‘I’E' SPARE|TOTAL
Q
PARTS LIST
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Figure 1: Output Faraday Isolator Assembly
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LIGO

2.2 D0900048 Faraday Isolator Damper Holder Assembly
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2.3 D0900614 PRISM MOUNT ASSY_LH

Table 2: Bill of Materials, D0900614 Prism Mount Assy LH

ITEM NO i REQ. |SPARE] TOT. gPART NUMBER  JREVISION CESCRIPTION MATERIAL
1 1 0 1 DO900616 V2 FRISM MOUNT BASE LH 6061-TG
2 2 0 2 D1001862 W4 FPRISM BASE SUPPORT 6061-TG
3 1 0 1 C1001870 W2 FIXED STOP LH 6061-TG
4 2 0 2 DO900617 W1 OPFTICAL PRISM BKT GLASS
3 1 0 1 D1001863 W1 OPTICAL PRISM SPACER 304 55TL
i 1 0 1 C1001871 W2 SPRING BLOCK LH 6061-TG
7 1 0 1 C1001861 W2 L-SPRING 304 S5TL
i 2 0 2 COs00619 W1 CLIP 304 55TL
A424 TYPE |
] v
9 2 0 2 C1001864 1 FRISM BEAM DUMP 1BGA SETL
10 1 0 1 00614 41 OPTICAL PRISM TORP PLATE 6061-TG
11 4 0 4 01100027 W1 CLIF 304 S5TL
12 2 0 2 9T13K53 DISC SPRING 55 BELLEVILLE, 1/8" OD, 009 THICK 304 55TL
13 2 1 3 922004108 SHCS, 4-40 X 38" LG, (MS16993-10) McMASTER-CARR 18-8 S5TL
14 2 1 3 921854112 SHCS, 4-40 X 34" LG, SILVER 300 S5TL
15 ] 1 7 922004076 SHCS, 2-56 X 3M6" LG, (M516995-1) McMASTER-CARR 300 SSTL
16 4 1 3 2200a146 SHCS, 6-32 X 38" LG, (MS16995-17) McMASTER-CARR 300 55TL
17 1 1 2 929494076 BUTTON HD SHCS, 2-56 X 316" LG. 18-5 S5TL

11
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12

IS0 VIEW

(-]

Figure 2: Prism Mount Assy LH
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231 Step 1l
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2.3.2 Step 2

14
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2.34 Step5

ALEY. STEF &
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2.3.5 Step 6
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2.4 D0900615 PRISM MOUNT ASSY_RH

The assembly of the Right Hand Prism Mount follows the same steps detailed in section D0900614 PRISM MOUNT ASSY_LH, with

Table 3: Bill of Materials, D0900615 Prism Mount Assy RH

ITEM MO | REQ. JSPARE TOT. JPART NUMBER.  |REVISION DESCRIPTION MAﬁlAL
1 1 0 1 C0900820 W3 PRISM MOUNT BASE RH GO061-TG
2 1 0 1 11001859 W2 FIXED STOP RH GO061-TE
3 2 0 2 00900817 W1 OPTICAL PRISM CALCITE
4 1 0 1 11001863 W1 OPTICAL PRISM SPACER 304 55TL
3 2 0 2 1001562 Y4 PRISM BASE SUPPORT GO0E1-TE
] 1 0 1 Cr1001860 W2 SPRING BLOCK RH G061-TG
7 1 0 1 010018861 W2 L-SPRING 304 S5TL
] 1 0 1 00900518 W1 QFTICAL PRISM TOP PLATE G061-TG
a 2 0 2 00900519 W1 CLIP 304 S5TL
10 G 1 7 92200A07E SHCS, 2-56 X 316" LG., (M5161995-1) McMASTER-CARR 300 S5TL
11 2 1 3 921854112 SHCS, 440 X 34" LG., SILVER 300 S5TL
12 2 1 3 922004108 SHCS, 440 X 3/8" LG., (MS16995-10) McMASTER-CARR 300 S5TL
13 2 0 2 I713K53 DISC SPRING S5 BELLEVILLE 1/8" OD, .009 THICK 304 S5TL
14 4 1 3 922004 146 SHCS, 6-32 X 3/8" LG, (M516895-17) McMASTER-CARR 300 S5TL
15 1 0 1 920404076 BUTTON HD, SHCS, 2-25 X 316" LG. 18-8 S5TL
16 2 0 2 C11100247 W1 QUTPUT FARADAY |SOLATOR BAFFLE 13.&,12124
18 GA A424
17 2 0 2 C11100258 W1 OUTPUT FARADAY |SCOLATOR BAFFLE (OPPOSITE) TYPE |
STEEL

the addition of the “W” baffles, detailed in the following steps.

18
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19

IS0 Wl

Figure 3: Prism Mount Assy_RH
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241 Step5

HISY. ITEF &

20
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24.2 Step 6

21
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2.5 D1002364 Faraday Isolator Beam Dump Assy

Table 4: Bill of Materials, D1002364 Faraday Isolator Beam Dump Assy

4 D1100027 CuP 304 55TL | 2 2
. Head Cap Screw 300 Series 35, 2-54 Thrd, 3/14" o . .
3 22004074 Leng-"l. MS 14995-1 300 S5TL £ £
i _ - _ 16 GA A424
2 D1002363 ARADAY ISOLATOR BEAM DUMP 18 A Ad2s
! D1002362 FARADAY ISOLATOR BEAM DUMP MOUNT S061-TS Al
'L%M P ART NUMBER DESCRIFTION MATERIAL |REQ |SPARE|TOTAL
FARTS LIST

22
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SUPER #8
THIS 51IDE -

Figure 4: 3.5 D1002364 Faraday Isolator Beam Dump Assy

23
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2.6 D0900353 Half Wave Plate Holder Assy

24

Table 5: Bill of Materials, D0900353 Half Wave Plate Holder Assy

ITEM | PART DESCRIPTION MATERIAL | QTY
NO. | NUMBER

1 D1100029 | ALIGO AOS HALF WAVE QUAARATZ ASSY | N/A 1

2 C-808-N | SCREW, SHC, 8-32 x 1/2, MS16995-26 300 SSTL 1

3 D0900352 | HALF WAVE PLATE HOLDER 6061-T6 Al |1
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25

Ml
L

Figure 5: Half Wave Plate Holder Assy
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2.7 D0900440 TFP Polarizer Plate Assy
Table 6: Bill of Materials, D0900440 TFP Polarizer Plate Assy

26

5 WF-04 WASHER, FLAT, £4 [NAS £20-C4L OR EQUIVALENT) | 3003sTL | 3
- Heod Caop Screw 300 Seres 33, 4-40 Thrd, 3/8 . - -
4 72200A108 Length, M5 1697510 8835m | 3
3 D10019719 SEAM DUMP MOUNTING CLAMP 30455TL | 3
2 01201320 ALIGO, OF1, THIN FILM POLARIZER FUSED 1

SILICA,

DOF00439 TFP POLARIZER PLATE 6061-T6 Al | 1

IE:T PART NUMBER DESCRIPTION MATERIAL |REG

5 ARTS LIET
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DETAIL B

SCALEZ:1 AN ARROW INDICATES SURFACE 1

[WEDGED 3IDE]

POLARIZER SURFACE

Figure 6: 2.7 D0900440 TFP Polarizer Plate Assy

27
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2.8 D1001958 Wire Support Block Assy

Table 7: Bill of Materials, D1001958 Wire Support Block Assy

3 D1201445 OFI_LOCKED NUT, 1/2-20, MODIFIED Ag-PLATED 18-855TL | 1 1
2 C-5020-N SOCKET HEAD CAP SCREW, 1/2-20 THRD, 1-1/4" L 300 55TL 1 1
! D1001760 WIRE SUPPORT BLOCK 5061-T6 Al 1 1
',LEOM PART NUMBER DESCRIPTION MATERIAL REG [TOTAL
BARTS LIST
AFETLE LRR IR B L L

28
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29

Figure 7: 3.8

3

2

D1001958 Wire Support Block Assy
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2.9 D1001963 Output Alignment Fixture Assy

30

Table 8: Bill of Materials, D1001963 Output Alignment Fixture Assy

7 | c-404nNA #4 40 X 0.250", 18-8 SSTL, SILVER PLATED Ag-PLATED 200 SSTL | 1

6 D205 DIAPHRAGM D205 OF - ]

5 | C-608N SHCS, 6-32 x .50, 300 SSTL, MS16995-18 300 SSTL 6

4 | D1100556 IRIS DIAPHRAGM MOUNT 304, 316 OR 302 SSTL | 1

3 | DI00ISE2 OUTPUT ALIGNMENT FIXTURE SUPPORT 6061-T6 Al ]

2 | DI00196&1 OUTPUT ALIGNMENT FIXTURE BASE 6061-T6 Al ]

1 | D1001959 RETICLE HOLDER 6061-T6 Al ]
U N DESCRIPTION MATERIAL Qry.

FARTS II5T
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31

C-404-NA

D208

C-408-N

D1100556

D1001762

[0 I P N I T e IR

D1001961

Figure 8: Output Alignment Fixture Assy
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2.10 D1200197 Wedged Prism Holder Assy

32

Table 9: Bill of Materials, D1200197 Wedged Prism Holder Assy

& P2A00A106 Heod Cop Sorews 200 Seres 33, 4-80 Thed, 1/4" Length, B3 160957 16-8 35TL 4
5 C-814 SHCE, Venied, 3-32 X B75 LG, 16-8 B5TL
4 DOR00asy WEDWGED PRIGM ASIY HIA
3 o2a1e1e BEAK! DURBP PMADURTING CLAKIR 304 Z3TL 4
2 D009 INPUT BAFFLE EEANM DUNMP 18 GA A424 TYPE I STEEL
1 200193 WEDGED PREEM HOLDER STAMD S041-Td Al

TERL HO. PART MUKBER DEICRIPTION MATERIAL REG

PERTSIIST _

TTR oo
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33

Figure 9: 3.10 D1200197 Wedged Prism Holder Assy
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2.10.1 D0900359 Wedged Prism Assy

Note: The thick side of the Wedged Prism must be aligned with the scribed line on Part 1. When the wedged prism is installed on the
optics table, the thick side of the wedged prism must be on top.

L [T =11 LW T
P A

THE SCRIBE ON PART 1 SHOULD BE ALIGHED WITH THE ARROW = ) )
Ol PART 2. THE ARROW Ofl PART 3 SHOULD BE ALIGHED WITH
THE ARRCW Ol PART 2

HOTE: THICK SIDE OF WEDSED PRISM ALIGHS WITH
SCRIBED UME OMH PART 1

7

< ||

\*‘_fi \

: SECTION A-A
y
4 D1200B41 CF_WEDGED PRISM MUT SOET-TS A1 1 1
3 D1200B42 OF_WEDGED PRISM SPACER SOET-TS Al 1 1
2 D 200434 CFl_WEDGE PRISM, 1.0 INCH FUSED SILICA 1 1
1 DOPD035T WEDGED PRISM HOLDER 304 55TL 1 1
MEMI MG, | PART HUMBER DESCRIPTION MATERLAL RE@ | TOTAL
— — PEETE ST —
- Lso mmﬁ%1 WEDCED pqmq ARTY
oy TRDVANCED LIGD | ADE | (Bt it g DO900359
0 g W oA [ S g -\.ﬂ
Rt [~ HA "Wk pnen o DI200197 = s 3 [ =
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2.11 Faraday Isolator Table Assy

Table 10: Bill of Materials, D0900623 Faraday Isolator Table Assy

24 D1200197 WEDGED PRISM HOLDER ASSY 1
23 | CB816-MNA UC COMPONENTS OR EQ. 8-32 x 1, SHCS, 18-8 35TL 4
22 [ 91475A029 McMASTER-CARR OR EQ. Washer, Lock, .25 x .4% OD, 300 S5TL 2
21 | ?0945A760 MCcMASTER-CARR OR EQ. 1/4 FLAT WASHER, .260 1D x .47 OD X .02 THE 2
20 D1002542 TABLE BALANCE WEIGHT, .75# 4
19 DOF01764 TABLE BALAMCE WEIGHT 2
18 01002540 Cutput Faraday Isclator Dummy Weight [rotaie) 1
17 01002533 COutput Faraday Isolator Dummy Weight 1
16 | 95435A568 MCMASTER-CARER OR EQ. SCREW, SHC, 8-32 X .50 LG. (TITAMIUMY]) 12
15 C-2012 UC COMPORNENTS OR EG. SCREW, SHC, 1/4-20 ¥ .75 LG, 4
14 | 922004540 MCcMASTER-CARR OR EQ. SCREW, SHC, 1/4-20 ¥ .75 LG. 4
13 | 92200A542 MCMAGSTER-CARR OR EQ. Screw, 5o0C Hd Cap, 1/4-20 UNC-2A X 1.00L 16
12 | 922004541 MCMASTER-CARR OR EQ. | Screw, Socket Head Cap, 1/4-20 UNC-2A x .88 LG, 13
11 M3SP5S00500HT BLUNTIMNG MAGHETICS-NECDYMIUM .50 DIA X .50L 14
10 D1002364 FARADAY [SOLATOR BEAM DUMP ASSY 2
Q DOF00&814 PRISM MOUMNT ASSY_LH 1
8 DI10019&3 OUTPUT ALIGHMEMT FIXTURE ASSY 1
7 DOF00778 MAGHET ATTACHMENT PLATE 2
& DO00440 TFP POLARIZER PLATE ASSY 1
5 DOF00353 HALF WAWVE PLATE HOLDER ASSY 1
4 DOF00&15 PRISM MOUMNT ASSY_RH 1
3 DOF00464 ROTATOR 20mm 10&4nm-VAC COMPATIBLE 1
2 D1001758 WIRE SUPPORT BELOCK ASSY 4
1 DOFO0015 FARADAY ISOLATOR TAELE 1
e PART NUMBER DESCRIPTION Qrv.

PARETS LIST
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|

CIEFI H IKL | I

g
a
H

DETALD

- OUTPUT

Figure 10: Assembly of Faraday Isolator Table
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2.11.1 Step 1
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12) 2X
MT. HOLES B

ASSY. STEF 1
150 VIEW - FRONT RIGHT
[WEDGE PRISM HOLDER AS5Y. MT.)
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2.11.2 Step 2
Front Balance Weight Installation: see 3.6.1 Adjust Balance Weights.

2.11.3 Step 3
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40

>

‘ 14) 2%
MT. HOLES ‘T

i ITEM 4 (PRISM MT. AS5Y) ORIENTATION.

TOWARDSE THE IMPUT SIDE,
FACING THE EDGE OF ITEM 1

ASSY, STEP 3
150 VIEW - REAR LEFT
(Fl PRISM MT. ASSY-EH)
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2.11.4 Step 4
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42

CN
MI.HOLES 'E

A

ASSY. STEF 4
IS0 VIEW - FRONT RIGHT
(ROTATOR MT.)
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2.11.5Step 5
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REF.

44

ASSY. STEP 5
IS0 VIEW - FRONT RIGHT
[WIRE SUPPOET BLOCE MT)

(13} 2x

=/
=

MI.HOLES 'F
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2.11.6 Step 6
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46

2%
MT. HOLES "G’

ASSY. STEP &
15O VIEW - REAR LEFT
[WIRE SUPPORT BLOCK MT.)

1 REF.
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2.11.7 Step 7

¥
. KAT. HOLES 'H'
2%
) . - MT. HOLES '

A55Y. STEF 7
50 VIEW - FROMNT RIGHT
[HALF WAYE PLATE HOLDER A33Y. KT
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2.11.8 Step 8
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E100056

08 OCT 2010 |

vl

04OCT 2012 |

E100056

Vé

L

@—

2%

MT. HOLES K
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2.11.9Step 9

MT. HOLES L

2%

12

MT.HOLES

D1200177

—~r

11 = P Ik T

24

ASSY. STEF %
5O VIEW - FRONT RIGHT
(Fl BEAM DL ASSY. MT)
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2.11.10 Step 10
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MT. HOLE "M’

52

2x (13)

MT. HOLE "M

ASSY. STEP 10
ISO VIEW - FRONT RIGHT
(WIRE SUPPORT BLOCES + DUMMY WEIGHT MT.)

2%
MT. HOLE "N’
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2.11.11 Step 11
Rear Balance Weight Installation: see 3.6.1 Adjust Balance Weights.

2.11.12 Step 12

U-CLIP )
ASSEMBLED AS
PART OF 2 fjr HOLES 'R’
D090041 4 :

ITEM % (PRISM MT. AS5Y) ORIENTATION.

ORIENT SIDE OPPOSITE TO U-CLIP
TOWARDS THE OUTPUT SIDE,

DETAIL A FACING THE EDGE OF ITEM 1

-

N
>/

N
\JJ 1 REF. |
ASSY. STEP 12 !
ISO VIEW - FRONT RIGHT
(PRISM MT. ASSY. LH)
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Step 13

2.11.13

MT. HOLES 5

FRONT RIGHT

ASSY. STEP 13

SO VIEW -
(OUTPUT BAFFLE ASSY. MT.)
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2.11.14 Step 14

Place 2 magnets on each Magnetic Attachment Plate in pairs with opposite polarity, at the locations
shown in Figure 11.

ASSY. STEP 12
150 VIEW - FROMT REGHT
|FRER MI. ASEY. LH|

II_'J ax
[ Irlﬁ

T, HOLES ‘LF

186 | F5L35A

QUTFLT BAFFLE ASSY.

AZEY. STER 14
S0 VIE UMNDERSIDE

EW £
| IAA GHIET FLATE MT_)
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Figure 11: Magnet Locations, with Opposite Pole Orientations

2.12 D0900586 Faraday Isolator Upper Wire Assembly

Table 11: Bill of Materials, D0900586 Faraday Isolator Upper Wire
Assembly
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10 T-403 SET SCREW, VENTED, 4-40 X 3/16" L 18-8 55TL 2 2
9 D0900588 WIRE ADJUSTABLE ADAPTER 6061-T6 Al 2 2
8 D0900583 MUSIC WIRE SPLIT CLAMP 2 304,316 OR 302 | 2
7 D0900582 MUSIC WIRE SPLIT CLAMP | 304,316 OR302 | 2
. SHCS, 2-56 x 3/1&" Lg, Ag-Flated, UC AgQ-PLATED 200
é C-203-NA Comp., 18- S3TL SSTL & &
5 90145A313 | DOWEL PIN .031DX.312L McMASTER CARR 18-8 SSTL 3 3
4 01002170 LOWER MUSIC WIRE 2 STEEL MUSIC WIRE | 1 ]
3 D1002149 MUSIC WIRE SPLIT CLAMP 4 304, 3;?{"'? 302 ]
2 D1002148 MUSIC WIRE SPLIT CLAMP 3 304, 3‘S§T‘L}R 302 ]
MARAGING STEEL
] 00900541 FI UPPER BLADE Shac ] ]
ITEM NO. | PART NUMBER DESCRIPTION MATERIAL REQ | TOTAL
PARTS 5T
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WOTE COMTMEES:

58

B DUAWING THEE #
v
w2
A ol MAR 1
“ 14 wow 22
DETALH
SCALE4:1
DETAL A
SCALE2:1
10 Tz SET SCREW, VENTED, 440 X 3/187L 1885 ERE
[ ] WIRE ATLUSTASLE ADAPTE 405178 Al 2 | 2
H DoP0OsE3 MUSIC WIRE SPLT CLAMP 2 R I
7 DRDOSE2 AAUSIC WIRE SPLIT CLAMF 1 MABEERNE | 4 | g
. - SO, BES /16 o Ao Pioled, UC | AgFLATED 300
& CaeHA Fome., 1 A1 ki % &
sgi[él-zn 1 5 FOLL5AZ1E DOWEL FIN D310 312 McMASTER CARR 18-8 55TL 3 a
s D1ce2170 LOWER MUSIC WIRE 2 STEEL MLSIC WRE [ 1 1
3 AL A MAUSIC WIRE SPLIT CLARF 4 4ElaoRaE | 1
2 D100z188 MUSIC WIRE SPLT CLAMP & e 1
1 DOF00S41 FIUPPER BLADE MARACHOSEEL) 1
MERA HO. | PART NUMBER DESCRFTION MATERIAL REQ |TOTAL
I CALFORMIA MSITTUTE OF TECHNOLOGY PRI RARE
MENSIONS ARE N INCHES LIGO WASIACHUSENS IRSTIITE OF TECHRCIOGT UPPER WIRE ASSEMBLY
ToisAnces T R B [Ty o [
i ADVANCED LIGT ADS [ C
o £ aie e L
e i e o femie|  D0900586 |«
Anclise0s D0500570 T e e T LT S
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2.12.1 OFI Wire Length

21211 Attaching the upper wire clamp

Select a piece of wire that is approximately 5 in longer than twice the length of the D1201506 OFI Wire Length Fixture, shown in
Figure 12.

Press the Pin 5 into the D1002168 Music Wire Split Clamp 3, as shown in Figure 14: NOTE: the upper wire clamp pair, Clamp 3
and Clamp 4 must be used only for the upper end. Loop the wire at the midpoint once over Pin 5, and clamp the upper loop by
attaching the other half of the wire clamp, D1002168 Music Wire Split Clamp 4, using the two SHCS, 2-56 x 3/16 long: tighten the
screws iteratively to maintain a uniform gap between the clamping halves. The two halves of the wire should extend uniformly beyond
the small ends of the assembled split wire clamp.

2.12.1.2 Making the Bottom Loop

Place the upper split wire clamp into the recess on the right edge of the OFI Wire Length Fixture and hold it in place. Grab one of the
extending wire lengths with a pair of pliers and pull it across the top of the OFI Wire Length Fixture toward the opposite end. While
maintaining tension on the wire, loop it half way around the small pin protruding from the surface at the left end of the OFI Wire
Length Fixture. Place the D1201508 OFI Wire Loop Tool over the wire, mating it with the protruding pin, as shown in Figure 12.
Rotate the wire loop tool clockwise 1 1/8 turn, while maintaining tension of the wire; the wire end should be pointing approximately
toward the right end of the wire length fixture. Remove the wire loop tool, and lift the looped end from the pin. Cut the end of the wire
to a length approximately % in beyond the formed double loop.

Repeat the above steps to form a loop on the other length of wire from the upper clamp.
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Figure 12: OFI Wire Length Fixture with Wire Loop Tool

60



LIGO LIGO-E1201074-v6

D1201508 OFI Wire Loop Tool ?

Figure 13: Right End of Wire Length Fixture with Recess for Inserting the Small End of the Upper
Wire Clamp
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62

Figure 14: Upper Wire Loop Clamp Assembly
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2.12.1.3 Attaching the Bottom Clamp

Thread the double looped end of the wire through the D0900588 Wire Adjustable Adapter, with the machined flat sides facing toward
the upper wire clamp as shown in Figure 15.

Assemble both halves of the bottom Music Wire Split Clamp, D0900582 and D0900583, and loosely attach the 2-56 SHCS. Wet the
D0900582 press fit hole for the pin 5 with clean alcohol and insert the pin through the clearance hole in D0900583 until it mates with
the press fit hole. Hold the Split Clamp assembly with pliers and use a hammer to lightly tap the pin into D0900582 Music Wire Split
Clamp 1; the pin must be tapped until it is flush with the outer surface of D0900583.

Separate the two halves of the Music Wire Split Clamp. Place the double loop at the end of the wire over the pin in Music Wire Split
Clamp 1, making sure that the double loop is facing away from the clamp so that it will fit into the recess in D0900583.

NOTE: The lower wire clamp pair, Clamp 1 and Clamp 2 must be used only for the lower end--the pin is purposely offset from
the center of the split clamp; the double wire loop must be oriented so that the continuous wire passes through the center of the clamp,
and the cut end is offset;

Align the long music wire with the groove in the Split Clamp 1. Clamp the wire by attaching the other half of the wire clamp,
D0900583 Music Wire Split Clamp 2, using the two SHCS, 2-56 x 3/16 long; tighten the screws iteratively to maintain a uniform gap
between the clamping halves. The wire should extend from the center of the small end of the assembled split wire clamp.
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Figure 15: Bottom Wire Clamp Assembly
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2.13 D0900170 Earthquake Crossbar Assy

65

1 7

WAERE AR T AR,

e () O o

275
| 4%
L ]
| 8.88 MAX |
* | a7rs |
f o O
196
! {245} !
3 C-214N C-814-N_SHCS 8-32 X 875 IM LONG, UC COMPOMENTS 18-8 35TL 4 4
2 DOS001 8% CROSSBAR SIDE E0&1-T4 A 2 2
DOF001 42 CROSI3AR PLATE £0&1-T4 A 1
TEM N _ _
NO. | PART NUMBER DESCRIFTION MATERIAL REQ [TOTAL
PARTS LIST

T T )
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2.14 D1002256 Earthquake Crossbar_In Assy

h
o
T s
P
e .
L=

66

w £
el

[1.00)4
L 2.88 MAX | .
| 578 | {100
2 QO
2% 05 ‘
(258 I
3 C-814-N C-814-N_SHCS 8-32 X 875 IN LONG, UC COMPONENTS 4 0
2 DOS001 9 CROSSBAR SIDE S041-T6 Al 2 0
1 D1002257 CROSSBAR PLATE_IN 6061-T4 Al 1 0
WEM | PART NUMBER DESCRIPTION MATERIAL | aTy [TOTAL
FARTS LIST
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2.15 D0900579 Blade Guard Assy

A T\'
2 M
2% .
2) i
I
.
fo
| )
T
)
)
¢ ,.
=T A50 f
PRE-SET LENGTH /
|
[
I|I
i 1478
|
f
|
|
f
, 2} 2%
f
|
| |I
|
i
|
|
f . SCREW, SOCKET HEAD CAF, #5832 UNC3A X 175 _
| s DOFO0F% LONG, FULLY THREADED, ROUNDED END 200 85TL T
|
= g 4 N-832-A HEX NUT 8-32, SILVER PLATED Ag-PLATED 3005STL| 2 | 2
f:_h\_,__g.d_?— =]
~— a C-808-N SCREW. SHC, 832 x 1/2, M316795-26, 300 557L 2| 2
2 DOS00573 BLADE GUARD RISER 4D61-T6 Al 2| 2
1 DOS1271 BLADE GUARD CROSSPIECE 4D61-T6 Al 1]
TEM | PART MUMBER DESCRIPTION MATERIAL REQ |TOTAL
i ARULEAT T T DD 3AR—.S Lsr

L W AT
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2.16 D0900655 Structural Weldment Assy, OMC

Table 12: Bill of Material, DO900655 Structural Weldment Assy, OMC

56| 12 | 48 | 1185-2EN328 #8-32 X 308" HELCOIL (8)  [NTRONIC| 4
64| 14 | 78 | 90s85a358 |CHCS. 1/4-20X 5&&%“@ (MCMASTER-| 3745511 | 3
CORNER BRACE, OMC STRUCTURAL
8 | - 8 DO900309 WELDMENT 6061-T6 Al| 2
e ] DO0900308 OMC STRUCTURAL WELDMENT  [6061-T6 AL| 1
REQ|SPARE|TOTAL | PART NUMBER DESCRIPTION MATERIAL [TEM
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Figure 16: 2.16 D0900655 Structural Weldment Assy, OMC
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3 OFI Balancing

3.1 Install Faraday Isolator Damper Holder Assembly

Mount the Damper Holder Assembly to the bottom cross beams, as shown in Figure 17. Set the
nominal height of the top of the mounting bracket to 0.62 in, as shown in Figure 18.

Figure 17: Mounting of the Damper Holder Assembly
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Dist:

'D0900136_AdLIGO_AOS._Fz

Y A = R PS|

Face<1>@D0900048_AdLIGO_AOS_D03900136_D
Face<2>@D0900655_AdvLIGO_OMC_Structural

The two selected items are parallel.
Normal Distance: 0.62in

Distance: 0.620in

Delta X: 0.000in

Delta Y: 0.620in

Delta Z: 0.000in

Total area: 103.481inches”2

Figure 18: Nominal Height of Damper Holder Assy
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3.2 Install Blade Springs

Mount the D0901514 BLADE CLAMP PLATFORM to the top end cross member of the structural
Weldment, as shown in Figure 1: Output Faraday Isolator Assembly.

Clamp the D0900541 FI Upper Blade Spring with the D0900566 Up Blade Clamp Top.

Note: The blade pairs are listed in Table 13; place the stiffest blade of the pair on the input
side of the OFI.

3.3 Install Blade Guard Assembly

Mount two Blade Guard Assemblies, D0900579 Blade Guard Assy, to the OMC structure top, as
shown in Figure 1. Adjust the length of the 8-32 bolt to extend 0.45in below the lower side of
Blade Guard Crosspiece, as shown in D0900579.

Loosen the D0900566 Up Blade Clamp Top slightly so that the tip of blade spring tip can be
moved laterally to align with the 8-32 bolt; then, firmly re-clamp the blade spring.

3.4 Install Upper Wire Assembly

See 2.12 D0900586 Faraday Isolator Upper Wire Assembly.

3.4.1 Clamp Wire Clamp to Tip of Blade Spring

Clamp the Music Wire Split Clamp to the tip of the blade spring with the Split Clamp Clamp
D1300321, as shown in

Split Clamp Clamp

Figure 19: Split Clamp Clamp D1300321
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3.5 Install Table Assy

See 2.11 Faraday Isolator Table Assy.

Attach the Wire Adjustable Adapter to the ¥%-20 bolt, as shown in Figure 24. Screw the adapter
onto the bolt with approximately 0.25 in gap between the adapter bottom and the nut; this gap will
be adjusted during the subsequent table balancing step.

3.6 Balance Table

3.6.1 Adjust Balance Weights

Two sets of balance weights, CW1 and CW2, are used to balance the suspended OFI optical table;
the weights and their positions are specific to a particular pair of as-built matched blade springs.
The matched blade springs for the light optical table D0900015-v4 are listed Table 13 below,
together with the magnitude and mounting positions for the weights; the matched blade springs for
the heavy optical table_D0900015-v5 are listed Table 14. The off-set mounting positions are
described in the Figure 20 and Figure 21. Load each spring to its measured suspended weight by
placing the specified balance weight at the correct position; this will also place the center of gravity
of the optics table approximately at the midpoint between the suspension wires, as indicated by the
intersection of the lines drawn between the four suspension wires in Figure 20 and Figure 21.
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Table 13: Light Optical Table_D0900015-v4: Balance Weights and Positions

Blade Blade x-offset of y-offset of
Balance Balance | CW1 from cwi CW2 from cw2
E1300043-v2 Weight, Weight, | mounting | (centered), CwW1 mounting | (offset), Ccw1
Blade pairs S/N kg Ibs bolt, in Ibs assembly bolt, in Ibs assembly
1# 0.5# 0.25# 3# 0.5# 0.25#
1, 1starticle 11 6.50 14.33 -0.276 050 | 0 1 0 0.717 325| 1 0 1
7 6.50 14.33
2,LLO 5 6.45 14.22 0.374 0.75| 0 1 1 0.770 300 | 1 0 0
9 6.45 14.22
3, LHO 4 6.65 14.66 0.000 1|1 0 0 0.673 350 | 1 1 0
1 6.60 14.55
5, H2 2 6.55 14.44 0.000 075 0 1 1 0.717 325 | 1 0 1
6 6.45 14.22
6, spare 12 6.80 14.99 0.294 150 1 1 0 0.635 375 | 1 1 1
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° : Y CW2
17
il
o : o
%5 | L@ ?
l
/ [.
v - 1G]
&0 |~
~/

CS location J

Figure 20: Light Optical Table_D0900015-v4: Off-set Positions for Balance Weights CW1 and CW2
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Table 14: Heavy Optical Table _D0900015-v5: Balance Weights and Positions

y-offset of
Blade Blade x-offset of . CW2 from | CW2, CW2 weight assembly
Bla'de E1300043-v3 | |~ ion BaI?nce Bala'mce cwi fr?m cwi, CW1 weight assembly mounting | Ibs
pairs S/N Weight, Weight, mounting Ibs bolt, in
kg Ibs bolt, in
1# | O.5# | 0.25# | 0.13# 3# 1# | 0.5# | 0.25#
1 11 | Input 9.22 20.33 0.218 163 | 1 1 0 1 -0.575 3.75 1 0 1 1
12 | Output 9.22 20.33
2 13 | Input 9.15 20.18 0.296 163 | 1 1 0 1 -0.575 3.75 1 0 1 1
14 | Output 9.17 20.22
3 15 | Input 9.17 20.22 -0.296 150 | 1 1 0 0 -0.480 3.75 1 0 1 1
19 | Output 9.19 20.26
4 16 | Input 9.07 20.00 -0.030 138 | 1 0 1 1 -0.413 3.50 1 0 1 0
18 | Output 8.99 19.82
5 17 | Input 9.20 20.29 0.046 175 | 1 1 1 0 -0.627 4.00 1 2 0 0
20 | Output 9.32 20.55
total weights needed 5 4 2 3 5 2 4 3
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x-offset of CW1from
mounting bolt

CGof
suspended OFI

y-offsetof CW2
from mounting
bolt

Figure 21: Heavy Optical Table_D0900015-v5: Off-set Positions for Balance Weights CW1 and
CW2
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3.6.1.1 D0900015-v5 Weight Offset Locations—Pair 1

78

) Maasure-DOQOOﬁB_AdLIGO_AOS‘..‘ ? %

oG\ R -0 B
ag D0S000 Ad O_AOS FI D0S006 olato

Point<1>@D1300016 Table Balance Weight Offset 3#, 17

Normal Distance: 2.0421in -

Distance: 2.0421in

Delta X: 0.0000in

Delta Y: 1.4380in

Delta Z: 1.4500in

From: D1300016 Table Balance Weight Offset 3%, 1%,

0.5%, 0.25%-4@D0900623_AdLIGO_AOS_D0900136  ~
|

e 1.4500in

= 2 0421in
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*Ton

79

B Measure - D0S00623 AdUIGO_AOS.. B | % |

bt~ PN B - O H

Point<1>1330023Tab|e Balance Weight Centered 1.0#

Normal Distance: 2.9405in
Distance: 2.9405in

Delta ¥: 2.8754in H
Delta ¥: 0.6150in

Delta Z: 0.0000in

From: D1300023 Table Balance Weight Centered 1.0#,
0.5#%, 0,25%-2@00900623_AdLIGO_AQS_D0300136 -

-
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3.6.1.2 D0900015-v5 Weight Offset Locations—Pair 2

J B Measure - D0%00623_AdLIGO_AOS.., ? | %]
l!mv.:';[’i;]\m-em

<1>@D1300016 Table Balance Weight Offset 3%, 1#

The two selected items are parallel.
Normal Distance: 2.1352in
Distance: 2.1352in

RS

Delta X: 0.0000in
Delta Y: 1.5580in
‘ Delta Z: 1.4600in
' Total Length: 6.325in -
©
© | @ @ | ©
1.4600in
© ©
©
21352in ©)
©
© © ©
© | @ © | @®

*Top
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3.0501in

*Ton

81

K] Messure - D0S00623_AALIGO_AQS..._ 2 | % |

&P\ &1 - 6| HF

Point<1>@D1300023_Table Balance Weight Centered 1%-

Normal Distance: 3.050 1in
Distance: 3.0501in

Delta X: 3.0500in

Delta ¥: 0.0200in

Delta Z: 0.0000in
From: D1300023_Table Balance Weight Centered 12-2

@D0900623_AdLIGO_AOS DO000136 Faraday

R 0200in
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3.6.1.3 D0900015-v5 Weight Offset Locations—Pair 3

82

(@ Measure - D0%00623_AdLIGO_ACs..| ? | %]
-mfEA\N Q-0 B

Normal Distance: 2.0681in -
Distance: 2.0681in |
Delta X: 0.0000in ‘ﬂ
Delta Y: 1.5580in

Delta Z: 1.3600in

From: D1300016 Table Balance Weight Offset 3%, 1%,

0.5%, 0.25%-4@D0S00623_AdLIGO_AOS_D0900136  ~
\
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Iﬁ! 2.5260in

B Measure - DD300623_AdLIGO_A... 2] = |

st -\ @ - O &

Point2>@D 1300023 Table Balance Weight Centered 1.0

Mormal Distance: 2,526in
Distance: 2.5260in @
Delta X: 2.4500in

Delta ¥: 0.6150in
Delta Z: 0.0000in

-

From: 01300023 Table Balance Weight Centered 1.0 7
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3.6.1.4 D0900015-v5 Weight Offset Locations—Pair 4

|1

B Measure - D0900623 AdLIGO_ACS.. ® | % |

&b~ PN Q- o H

Edge<1>@00300015 AdLIGO AQS FID0300623 Isolato
Point<1:>@0 1300016 _Table Balance Weight Offset 3#-1

Normal Distance: 1.29in -
Distance: 1.2900in
Delta ¥: 0.0000in E|

Delta ¥: 0.0000in
Delta Z: 1.2900in
From: D1300016_Table Balance Weight Offset 3%-1
AONANNA AdL IO ANS DNANN136 F

ORNE)
.O\
2 O

Dizt: sy

©

*Tan
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*Top
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B Measure - D0900623_AdLIGO_AQS... ? %

st~ N B -0 A

Edge<1=@D0900015 AdLIGO ADS FI D0900623 Isolato
Point<1>@D1300023_Table Balance Weight Centered 0. 1:

Mormal Distance: 2.782%in -
Distance: 2,.782%in
Delta X: 2.7200in E|

Delta ¥: 0.5880in
Delta Z: 0.0000in
From: D1300023_Table Balance Weight Centered 0.13
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3.6.1.5 D0900015-v5 Weight Offset Locations—Pair 5

|
8 Measure - D0900623 AdLIGO_ACS.. # | %8|

-mfENp-ed

Edge<1>@0D0300015 AdLIGO AOS FI D0900523 Isolato
Point<13>@D1300016 Table Balance Weight Offset 3%, 1%

Mormal Distance: 1.9419in -
Distance: 1,9415in

Delta X: 0.0000in EI
Delta ¥: 1.2210in

Delta Z: 1.5100in

From: D1300015 Table Balance Weight Offset 3%, 1%,
N 5 0 ?5Z-1@NN9NNA2E AdI TEO ANS DNGNN136
"

=gy 1 .51 00i0

Dist: NREEARENy]

*Top
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B Messure - DOS0023_AGUGO_A.. | B %

a0 O [

<1>@
Point<1:>@D 1300023 Table Balance Weight Center,

Mormal Distance: 2.8668in
Distance: 2.8668in

Delta X: 2.8000in

Delta ¥: 0.6150in

Delts Z: 0.0000in
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3.6.2 Setting Gap Between Blade Guard Assembly and Spring Blade

After the balance weights are added, retract the 8-32 screws in the Blade Guard Assembly until the
spring blade tip is approximately 0.25in and is free to move vertically without any constraints.
Lock the nuts to secure the 8-32 screws.

) )

2 2 ° 5] e e

==y =2 =

Figure 22: Retract Spring Restraints 0.25in so that Blades Move Freely
in Vertical Direction

O

3.6.3 Adjust Wire Lengths

1. Place the guitar tuner against the base of the blade spring, as shown in Figure 23, so that it will
pick up the sound of the suspension wire when strummed.
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89

Figure 23: Guitar Tuner Placed at Base of Blade Spring

Strum the wire as you would a guitar string and watch the frequency on the guitar tuner.
Tension the wire by turning the Wire Adjustable Adapter while holding the Music Wire Split
Clamp with a pair of pliers so that the Music Wire Split Clamp does not rotate within the Wire
Adjustable Adapter, until the desired frequency is displayed on the guitar tuner. The objective
is to match the frequencies of the pair of wires connected to the same blade spring. In general,
the wire pairs from the front and back blade springs will have different frequencies because the
blade springs may have different stiffness.
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Music Wire Split Clamp

Wire Adjustable Adapter

Figure 24: Wire Tension Adjustment

3. Place the Table Height Gauge (Figure 25) on the OMC Structure Base to set the nominal height
of the suspended optical table 0.105 in above the base, as shown in Figure 26.
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GENERAL VIEW
FOR REFERENCE ONLY
NO SCALE

Error! Reference
ource not found.

Figure 25: Table Height Gauge, D1201449

This may result in the wire tuning changing. To reach a compromise between equal wire
tension and equal table height on both sides, the balance weight CW2 may need to be
shifted laterally to a position different from that listed in Table 13.
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—.105000

Figure 26: Nominal Height of Optics Table above the Structure Base

4. Verify that the Damper Holder Assy bracket is 0.515 in above the Optics Table by placing the
Table Height Gauge (Figure 25) on the Damper Holder Assy bracket and using the other end of
the height gauge.

3.7 Install Earthquake Crossbar Assy

Attach the Output Faraday Isolator Earthquake Stop Post D1300136 to the four corners of the
optics table, as shown in Figure 27.
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E

f
|

Figure 27: Earthquake Stop Posts Attached to Four Corners of the
Optics Plate

Assemble the Earthquake Crossbar input and output assemblies loosely--see D0900170 Earthquake
Crosshar Assy and D1002256 Earthquake Crossbar_In Assy--and attach the crossbar sides to the
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structural Weldment at the input and output ends of the weldment, as shown in Figure 1 and Error!
eference source not found.. Move the crossbar plate within the slotted mounting holes to align the
earthquake stop clearance holes with the earthquake stop rods; then firmly bolt the crossbar plate to
the crossbar sides.

4 OFI Optical Alignment

4.1 OFI Preliminary Optical Alignment

The preliminary optical alignment of the Output Faraday Isolator will take place on an optical
bench in a class A environment.

41.1

1)
2)

3)
4)
S)

4.1.2

l.
2.
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Equipment List

250 mW YAG Laser (NPRO), 1064nm wavelength

1064 nm Photodetector on adjustable height, movable stand; sensitivity 0.25 W to 0.25 E-4
W

HR steering mirror on adjustable height stand with tip-tilt mount

50% beam splitter on adjustable height stand with tip-tilt mount

HR retro mirror on adjustable height stand with tip-tilt mount

Alignment Setup

Clamp the OFTI structural frame to the middle of an optical table

Mount the input laser, the input laser aperture, the steering mirror, and the beam splitter
approximately 171.4 mm above the surface of the optical table in accordance with the
optical layout shown in Figure 28. The height of the OFI optical centerline will be 167.8
mm above the table top, and the input laser beam will tilt down toward the input aperture,
before being turned horizontal by the OFI wedge prism. The retro-mirror should be
approximately 168 mm above the table.

Adjust the height of the input laser, and position and tilt the steering mirror until the laser
beam passes through both the input aperture and the output aperture of the OFI.

Adjust the tilt of the retro-mirror so that the retro-reflected laser beam passes back through
the OFI and through the input laser aperture—during this step, rotate the halt-wave plate to
maximize the retro-reflected power; then displace the beam slightly until the retro-reflected
beam is blocked by the input laser aperture.
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PERISCOPE
OUTPUT FARADAY
BEAM PD 1 ISOLATOR
DUMP
INPUT LASER \ - RETRO MIRROR
N A |
L QA — Il / \
s \QE PD2 &E‘(\ﬁ — 17 T = P3| "
INPUT \
POLARIZER = 50 %BS
INPUT /
APERTURE INPUT
HALF- ALIGNMENT OUTPUT
WAVE PD 4 APERTURE ALIGNMENT
- PLATE APERTURE

Figure 28: Optical Layout for OFI Alignment
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1y

2)

3)
4)

LIGO
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Optical Alignment Procedure

Set the power of the laser to approximately 250 mW. Calibrate the transmissivity and
reflectivity of the beam splitter by placing the photodetector alternately at position PD1 and
PD2 and measure the power levels. The power at PD2 will be the reference power for
calculating the Transmissivity and the power extinction ratio of the OFI.

Place the photodetector at position PD4 and rotate the half-wave plate to minimize the

power at PD4; measure the power.

Place the photodetector at position PD3 and measure the power.
Calculate the OFI Transmissivity as the ratio of PD3 to PD2; calculate the OFI power

extinction ratio as the ratio of PD4 to PD2.

4.1.3.1 Test Data

Measured Parameter | Value
OFIS/N 1
Location LLO
Polarization Prism iLIGO
Faraday Rotator iLIGO
Optical Alignment
input power at BS, W 5.56E-02

PD1, W 2.60E-02

PD2, W 2.93E-02

PD3, W 2.86E-02

PD4, W 6.70E-06
BS Reflectivity 4.68E-01
BS Transmissivity 5.27E-01
BS total 9.95E-01
OFI Transmissivity 9.76E-01
OFI Extinction Ratio 5.01E-04

4.2 OFI Shack-Hartmann Wavefront Test

The OFI Shack-Hartmann Wavefront Test will take place on an optical bench in a class A

environment.

42.1
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1)
2)
3)
4)
5)

Equipment List

WFS300-14AR--00-OFI1 Shack-Hartmann WFS
S1FC635--00-OFI1 Fabry-Perot Benchtop Laser Source
P1-630A-FC-5--00-OFI1 Single Mode Fiber Patch Cable
LW-3-2037-C--00-OFI1 Large Wedged Windows
KM200--00-OFI1 Kinematic Mount
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6) F810FC-635--00-OFI1 FC/PC Collimation Package

7) AOSSLCOFI4--00-OFI1 3" Mirror Mount

8) AOSSLCOFI2--00-OFI1 XY Stage Assembly

9) AOSSLCOFI1--00-OFI1 5 Axis Mirror Mount Assembly
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4.2.2 Alignment Setup

Set up the SH test apparatus according to the optical schematic shown in Figure 29. Align the SH beam to pass freely through the

entrance and exit apertures of the OFI.

Steering
mirrors

' 3

L

Beam

T Dump

RETRO
MIRROR 1

/

OUTPUT FARADAY
ISOLATOR

B

AN

M

SH LASER SHBS

|
u

=———

[

PD 3

RETRO
I\/yRROR 2

i

SH Sensor

Figure 29: Optical Layout for SH Test
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4.2.2.1 Reference Beam Alignment

Place the lambda/10 3” mirror in front of the OFI entrance aperture and steer the mirror so that the
reflected beam is centered on the SH sensor.

Iteratively align the retro-reflected beam and the SH sensor by adjusting the steering mirror, the
lateral position of the SH sensor, and the tilt of the SH sensor to center the beam on the SH sensor
and to reduce the wavefront tilt by minimizing the Zernike Z2 and Z3 tilt coefficients.

The beam centroid should be approximately centered on the SH sensor, as shown in Figure 30.

& Thorlabs Shack-Hartmann Wavefront Sensor WFS300-14AR (MLA300M-14AR) = x|
File Setup Measurement Calbration Display Help

FIE el )

Esam data/mm 5
Ctr = 0.005
Ctr y  -D.013
Dia = 5282
Dia v £2a7

Wavefront vaves
(User Cal. Ref )
(entire arsa)

PV 0.026
RHS 0,008
wRHS 0.005%
Fourier

I 0.000
J0 0.000
Jas -0.000
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Sphers  0.000
Cyl -0.001

huis 167 785"

yimm

RoC 7885653 79mn

RMS Variations/waves
0002

RMS(n = 0

RMS(n = 1) 0.004

RHS(n = 2) 0.000

RMS(n = 3) 0001

RHS(n = 4) 0.000

Zernike Modes/vaves

Z 1¢0/ 03 0002

Z2(1--1]  -0.004

Z 3(1s 1} 0001

Z 4(2--2) 0.000

Z 5(2/ 0} -0 000

Z 6(2s 20 —0.000

Z 7{3-3) 0000

Z 8(3-1)  —0.000

Z 9{3 1} 0000

Z10{3 39 0.000

Zi1{d -4} 0000

Z12(4--2)  —0.000

Zi3{4s 0} 0000

Z14(47 2} 0.000

ZiS(4s 4} 0000 Teview ] Spot Field Boma Vicw [ Wavefrort ] Zmike Cosfficients
Fit error - arcmin W T |
Mean  3.559e-14 i {Na instrument emors!

B i 2

Figure 30: Contour of the Input Beam on Shack-Hartmann Sensor

The power measured by the central array of the SH lens sensor matrix is shown in Figure 31.
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(& Thorlabs Shack-Hartmann Wavefront Sensor WF5300-14AR (MLA300M-14AR) = x|

File Setup Measurement Calbraton Display Help
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Figure 31: Reference Power Read by the Shack-Hartman Lens Array

4.2.2.2 Reference Beam Wavefront
The reconstructed wavefront of the reference beam is shown in Figure 32.
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OFI: Shack Hartmann Sensor Wavefront Reference Meas #3, Wavefront
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Figure 32: Reference Wavefront

The Zernike coefficients for reconstructing the reference wavefront will be saved in a software file
and be used subsequently to subtract the reference wavefront from the double pass wavefront
through the OFI.

4.2.3 Double Pass OFI Test Procedure

Place the lambda/10 3” mirror beyond the exit aperture OFI entrance aperture and steer the mirror
so that the reflected beam passes back through the OFI and is centered on the SH detector.

Iteratively align the retro-reflected beam and the SH sensor by adjusting the steering mirror, the
lateral position of the SH sensor, and the tilt of the SH sensor to center the beam on the SH sensor
and to reduce the wavefront tilt by minimizing the Zernike Z2 and Z3 tilt coefficients—as was
done in section 4.2.2.

Remove the tilt Zernike coefficients by means of the SH software commands. A typical double-
pass wavefront through the OFI with tilt removed is shown in Figure 33.
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OFI: Shack Hartmann Sensor Wavefront Meas. #3, Wavefront

15
1.
0.5
0.
B
=
~ —0.5
1.
-15..
-2
-25..
2
15 el
1 25
05 L P 15 2
0 = 05
-05 < 0
- -1 -
-15 < -15
-2
y [mm] 2 25

% [mm]

Figure 33: Typical OFI Double-pass Wavefront with Tilt Removed

4.2.4 Double Pass OFI| Test Results

Typical OFI double pass test results are shown in Figure 34. The Zernike coefficients are listed in
the figure. Zernike Coefficients 01, 02, 03, and 05, in units of micron, describe the piston, Y -tilt, X-
tilt, and defocus respectively; these coefficients do not affect the wavefront aberration and will be
ignored.

The astigmatism coefficients 04 and 06 are the most significant because they are responsible for
direct coupling loss into the OMC. The higher order coefficients describe coma and other
irregularities, which may also cause coupling loss due to generation of higher order Gaussian
modes in the OMC cavity.
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OFI: Shack Harimann Sensor Wavefront Meas. #3, Zemike Coefficients
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Figure 34: Typical OFI Double-pass Zernike Test Results
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