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Introduction

* Frequency Scanning Interferometry (FSI)

 Reference Interferometers
— Design
— Initial Length Calibration
— |nitial Thermal Calibration
 LICAS Train FSI Measurement S
Systems
— Initial Stability of the Extern
— Initial Stability of the Int




Frequency Scanning Interferometry

» |dea is adapted from the Michelson interferometer

 Instead of moving the mirror we change the frequency of the laser

Tunable Laser
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Reference Interferometer Design

Invar Frame

Aluminium Mirror Mount Aluminium Launch Tube

Aluminium Mirror Mount

« Folded path interferometer with 6
length Difference (OPD)

» Adjustable launch to cor
Expansion



Reference Interferometer Design

.

B 3 Adjusiablo

-
w 4 J“}l--

"L - b el B Ky 2, e . 2

> S = oo m le B - - L]

s o | R - S

AN Ry ™ =" ¥ 1 & ‘_' - e - - =

g 1 @ L - —

% .o =
) 8

2 A A y o o WA ALV A

: @l - < T -

4 ‘ 1 -

' = = i

A » =

! - -

»




Length Calibration Method

Tunable Laser| Reference Interferometer: L,
LLLrrt
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éRetro Reflectors

Motion Stagei
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« FSI System Measures Lengt
Position

. Las_el_’ Tracker Measure
Position



Length Calibration

Motion Stage Length Change (mm)
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Plot Showing Motion Sage Length Change Vs Measured Length Ratio

= Data
— Straight Line Fit

Length Ratio Error : 1E-6

Motion Stage Length Change Error : 10E-3
Error Bars Scaled by factor of 10000
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Length Calibration

Histogram showing Length Ratio Residuals
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Length Calibration Fit Results

* Fit give reference length of
— 3.2521901 +/- 3E-6 m

 To improve value :
— Take smaller steps

— Use Laser tracker in optimu
more accurate mode

— Cover optical path t
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Thermal Calibration Method

Interferometer Acts as reference

Interferometer Being calibrated

Environmental Chamber

One Interferometer remains at constan
reference

_Second interferometer ir_1 envi
interferometer under calibr.

En_vironmental cha
ratio measured
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Thermal Calibration Method

« 2 Stages to thermal calibration
— Stage 1

« Conduct experiment to determine thermal expansion
coefficient

 adjust the launch tube to minimise thermal expansi
coefficient

* repeat.

— Stage 2
 When launch adjustment r
« Use thermal expansio



Initial Thermal Calibration Results
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+ Data
— Straight Line Fit
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External FSI Sub- System
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Initial Stability of External FSI Sub-
System

Histogram of Length Histogram of Length
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External Marker Reconstruction
Using External FSI Lines

Retro Position (m) Retro Position (m)

Retro Position (m)
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Internal FSI Sub -System
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First Unit has 6 coll N
» Second Unithas 6 re——@ == 4
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Initial Stability of Internal FSI Sub-
System

§3.89011

(

Ly
S 3.8901
=
@
—

3.89009

3.89008

Plot Showing Length Vs Time

-10 0

_3.88966
£
= 3.88965
£ 3.88964
—
3.88963
3.88962

20 301 AQ Hals) B0 70

Plot Showing Length Vs Time

J

-10 0

10 20 30440 (Hggrs)eo 70 80 90 100

Plot Showing Length Vs Time

3.89029 —

s 3.89028 -

— - =

‘-é, 3.80027 .

@
—' 3.89026 |- -

10 20 30,480 (Hggrs)GO 70

Plot Showing Length Vs Time
3882 ——4r—r—4r——1—+—7—+1+717 17T T T

3.89025 L1
-10 0

53.88981 — -
3.8898 -

=

=]
=)
=
@

-

3.88979 -

3.88978 T [N T AN TN (NN TR [N TN N T [N TR N N N T N T N
-10 0 10 20 SOTiFﬁQ (Hggrs)eo 70

Plot Showing Length Vs Time

3.88988
_ 3.88087
E
= 3.88986
£ 3.88985
—

3.88984

3.88083
-10 0

.

100

10 20 30,48 (Hggrs)eo 70




Initial Stability of Internal FSI Sub-
System

Histogram of Length Difference

Histogram of Length Difference
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Summary

Reference Interferometers are under calibration

External FSI System giving precision of 1-1.5
um

We have the ability to reconstruct
positions to a precision of orde

Internal FSI System givi
nm
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