Test Report

Off-Axis Parabolas

Prepared for

Prepared by: Maria Robinson

Date: September 3, 2011

Absolute Metrology Services
A subsidiary of Greywall, Inc.
144 Bear Swamp Road
East Hampton, CT 06424
Telephone: (860) 883-9953
Fax: (860) 267-6917
Website: www.absolute-metrology.com




Introduction
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This report will supply the results of the transmitted wavefront error (TWE) and wedge angle tests performed by
Absolute Metrology Services on the off-axis parabola (OAP) samples supplied by the CHARA Array of Georgia

State University.

Interferometer Used:

Measurement of Samples: Test Setup Diagram

12” Transmission
Flat (TF)

Polished front
“reference ring”,

OAP

N

Reference
sphere (RS)

The 4” 633nm Zygo Mark IV, coupled with a 4” — 12" beam expander
(shown in later photos) was used to measure these pieces.

OAP Optical

Figure 1. Diagram of test setup used. A 12” Transmission flat was used to generate the reference beam,
a reflection off of the front surface of the TF back into the interferometer. The test beam was made from
the beam exiting the interferometer, reflecting off of the OAP to the reference sphere, and returning to the
TF along the same path. To ease the alignment of the OAP, a parallel polished reference ring’ was made
and screwed to the front of the OAP backplate. This was aligned to the reference surface (which is

aligned to the optical axis of the interferometer).



Measurement of Samples: Test Setup Photos
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Figure 2. Photos of setup used.
Photo at left, taken from parabola
position, shows 12” TF with returning
RS mounted just behind parabola
focus. Lower photo shows parabola
mounted with »2” wide polished ring
mounted to it. Parabola was adjusted
with ring perpendicular to outgoing
beam before fine-tuning was
performed to minimize aberrations.
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Testing/Analysis Notes:

Both a 125mm and ‘no mask’ conditions were used for analysis.

‘Minimum aberration’ condition was determined during measurement by minimizing PV, saving an
adjustment in a particular direction, then repeating that adjustment again to confirm continual rising of
PV and/or aberrations before repeating this procedure in each of the four tilt adjustment directions. This
was done with a subaperture created on-site which may be slightly different than the 125mm mask used
for final analysis.

Data was acquired over an ‘orange’ area such as the one shown in Figure 3. It is comprised of the
fringe pattern plus a small area surrounding it. Areas marked with black circles show the positions of
very small dings in the 12” transmission flat surface. The marks produce data ‘blips’ from 10-20nm in
height and did not adversely affect the Zernike values.

Also to be noted is the large diffraction effect (concentric circles, defocused edge) caused by the long
distance required between the test part and the RS; this may cause quick data bends just outside of the
125mm mask area. The slightly light/dark pixel rows of this particular camera caused a 5-10nm PV

ripple in this direction only.
The name of the original data set (usually called “NMinA.dat” or similar) was loaded and analyzed for the

screen shots.
o After analysis, the 125mm masked data for each part, with best fit sphere removed, was saved

as “N_125mm.dat”.
o After analysis, the full data set for each part, with best fit sphere removed, was saved as

N_full.dat”.
o “N_125mm.dat” and “N_full.dat” were then re-loaded to produce the Zernike table, which is

provided separately in Excel format.

i_

1
i

Figure 3. Area of data acquired for one particular part, showing locations of very small pits
present on the 12” TF, enlarged due to the defocusing effect of the very long cavity. One circle

is not in the measured area of this particular piece, but is in the measured area of others.
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Mask Editor

Pan |Zoom aF

Figure 4. Resulting valid data area with 125mm mask applied.
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Filled Plot: This
shows the shape of
the wavefront after it
has traveled through
your test part. High
(red) areas indicate
higher areas of the
test part.

“Removed” attributes:
This shows what has
been removed from
your data before
presenting the plots.

In this case, it is Piston
(PST) only.

Figure 5. Example of Data View (SAMPLE ONLY).

Intensity Map: The
actual view of the
fringes as taken by the
camera. This is one of
the thirteen ‘phase
shift’ frames taken.

B EEd Transmitted Wavefront Error Map
I :
[ M 2950 Filled Plot IE [ZYg0 | Measure Attributes
Time: Fri ARug 26 22:41:38 2011 Camera Res: 0.6070 mm
+0.40009 I = | | !
|RWE testing, Parabola $4 |Time: 26-2ug-11:22:41:38 ]}
. £ |Data File: 4 MinA.dat |
Peak
i |E [Z4g0 ] Phase Profile
q wave +400.00
+200.00
E
Valley £ oo
7 =
=)
@ -200.00
-0.43251 T
-400.00
L e T T T T
|pv 0.833 wave | [PV 526.87 nm | 0 50 150 200
Distance (pix)
Irms 0.13 wave I Irms 75.54 nm I
[power 0.3% wave | [Points 33738 [save Datal | EXi 0.31 wave |zms 0.073 wave
[size x 125.6 mm Remdyged:
PST TLT PWR
i T=e ¥ 125.6 mm I
|E EZER Intensity O =3 Procoss
| Store || Undo || Clear I Auto Store: On Load
E{Eﬂ Process Stats
[ PV rms coef 4 coef 5 coef & coef 7
[ ] wave wave wave wave wave wave
1 0.833 0.13 -0.052 0.104 -0.026 0.214
2 0.888 0.13 0.020 0.132 0.001 0.230
3 0.914 0.13 —0.047 0.133 -0.044 0.222
4 1.063 0.15 -0.107 0.218 -0.042 0.220
5 0.945 0.14 -0.069% 0.171 -0.042 0.219
Range 0.230 0.03 0.127 0.114 0.04¢ 0.017
Mean 0.929 0.14 -0.051 0.151 -0.031 0.221
IStdDev 0.086 0.01 0.04¢ 0.044 0.019 0.00&
Nvalid 5 5 5 5 5 5
1

General information
about the original data
file being analyzed and
testing conditions can
be found here.

1 TWE.dat with PST
removed is saved as
“1_TWE_pstrem.dat’ in
your final data sets.

Surface profiles,
aligned on the X and
Y axes are shown
here. The green line
marks the ‘triangle-
end’ profile from the
Filled Plot.

Specific parameters
that AMS tracked
during alignment are
found here for the
125mm analysis.
Position 1 is the best
tip/tilt location, while
positions 2-5 are
adjustments in each
of the four directions.

OAP Test Report




OAP #1, 125mm mask

E m Transmitted Wavefront Error Map
; 1
B ESFE Filled Plot E EEER Measure Attributes
Time: Fri Aug 26 1%:58:51 2011 Camera Res: 0.6000
+0.49130 I = | |
|mwe Testing, Parabola #1 [Time: 26-Aug-11:19:
£ |pata File: .\parabolal\l Mina.dat |
Feak
IE [Z4g0 | Phase Profile
waye +4DD.DD—_
+200.00
E ]
Valley £ 00
~ = 4
Fa) 4
T -200.00
-0.62192 - ]
-400.00 —
| T T T T | T T T T | T T T T | T T T T |
B 1.113  wave | |BV 704.45 nm | 0 50 100 150 200
Distance {pix)
|rms 0.24 wave | |rms 149.83 nm |
[Power -0.07 wave | [|Points 34378 |save Datal | X 1.04 wave ||rms 0.292 wave
[size x 125.4 mm | Removed:
q PST TLT EWR
|S:Lze ¥ 125.4 mm |
|E [Z430 | Intensity (= 2999 ] Process
I Store ” Undo ” Clear IAuto Store: On Load
m Process Stats
] BV rms Coef 4 Coef 5 Coef 6 Coef 7
] wave wave wave wave wave wave
1 1.113 0.24 0.1e7 0.207 0.454 0.025
2 1.250 0.24 0.282 -0.003 0.4e8 0.002
3 1.267 0.22 0.147 0.017 0.465 0.015
4 1.150 0.23 0.202 0.121 0.467 -0.001
5 1.171 0.24 0.203 0.151 0.474 0.00%
Range 0.154 0.02 0.135 0.20%9 0.020 0.027
Mean 1.1%0 0.23 0.200 0.099 D.4686 0.010
StdDev 0.066 0.01 0.052 0.089 0.o007 0.011
NValid 5 5 5 5 5 5
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OAP #2, 125mm mask

E m Transmitted Wavefront Error Map
; 3
B ESFE Filled Plot E EER Measure Attributes
Time: Fri Aug 26 18:385:15 2011 Camera Res: 0.5931 mm
+1.20313 I - | | |
] |RWwE Testing, Parabola #2 [Time: 26-aug-11:18:38:19]
‘ £ |Ipata File: .\parabola2\Z Mina.dat |
Pezk
IE [ZYgo | Phase Profile
. L\
m . 4 wave +1000.00
+500.00
J € ]
\ Valley £ 40,003
! ~ £ ]
(= ]
O ‘T -500.00
-0.97479 = ]
-1000.00 -
| T T T T | T T T T | T T T T | T T T T | T
[ev 2.178  wave | |Bv 1378.1% nm | 0 500 100 150 200
Distance {pix)
|rms 0.33 wave | |rms 211.75 nm |
[power -0.26 wave | |Points 34823 |save Datal [ev 2.06 wave [[rms 0.41% wave
[size x 125.1 mm | Removed:
- PEST TLT EWR
|S:Lze ¥ 125.1 mm |
: m
|E [Z430 | Intensity (= 2999 ] Process
I Store ” Undo ” Clear IAuto Store: On Load
m Process Stats
. BV rms Coef 4 Coef 5 Coef © Coef 7
i wave wave wave wave wave wave
1 2.178 0.33 -0.138 -0.078 0.372 -0.112
2 2.223 0.34 -0.036 -0.072 0.388 -0.110
3 2.206 0.34 -0.171 -0.107 0.382 -0.101
4 2.247 0.34 -0.151 0.00% 0.387 -0.100
5 2.1e0 0.34 -0.148 -0.188 0.373 -0.11e
Range 0.0886 0.01 0.135 0.197 0.017 0.01e
Mean 2.203 0.34 -0.129 -0.087 0.380 -0.108
StdDev 0.035 0.00 0.053 0.071 0.oo08 0.007
Nvalid 5 5 5 5 5 5
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OAP #3, 125mm mask

El EER Transmitted Wavefront Error Map
; 1
B ESEC Filled Plot E EZER Measure Attributes
Time: Fri Aug 26 21:46:36 2011 Camera Res: 0.5541 Tm
+0.51189 | = | |
|rwE Testing, Parabola #3 [Time: 26-Aug-11:21:46:36]
£ |pata File: .\parabola3\3 Mina.dat |
Feak
IE [Zz4go | Phase Profile
wave +4DD.DD—_
+200.00
= ]
Valley £ 000
~ = 4
[a] 4
T -200.00
-0.46675 - ]
-400.00 —
| T T T T | T T T T | T T T T | T T T T | T
B 0.979 wave | |BV 615.28 nm | 0 50 100 150 200
Distance {pixl
|rms 0.20 wave | |rms 125.22 nm |
|Power -0.17 wave | |Points 34558 ISave Datal IPV 0.86 wave "rms 0.222 wave
[size x 125.4 mm | Removed:
n PST TLT PWE
|S:Lze ¥ 125.4 mim |
|E [Z430 | Intensity B EEd Process
I Store ” Undo ” Clear | IAuto Store: On Load
[Zzugo | Process Stats
] BV rms Coef 4 Coef 5 Coef & Coef 7
] wave wave wave wave wave wave
1 0.979 0.20 -0.006 -0.098 -0.364 -0.201
2 1.021 0.20 0.055 -0.110 -0.3862 -0.210
3 1.000 0.20 0.002 -0.104 -0.354 -0.212
4 1.030 0.19 -0.011 0.040 -0.368 -0.1%90
5 0.5%2 0.20 0.021 -0.127 -0.370 -0.213
Range 0.052 0.01 0.067 0.167 0.015 0.023
Mean 1.004 0.20 0.01z2 -0.080 -0.364 -0.205
StdDev 0.021 0.00 0.027 0.0e8 0.006 0.010
NvValid 5 5 5 5 5 5
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OAP #4, 125mm mask

E m Transmitted Wavefront Error Map
; 1
B ESFE Filled Plot E EER Measure Attributes
Time: Fri Aug 26 22:41:38 2011 Camera Res: 0.6070 mm
+0.40009 I d | |
|RWwE testing, Parabola #4 [Time: 26-aug-11:22:41:38]
. £ |Ipata File: 4 Mina.dat |
Pezk
l IE [ZYgo | Phase Profile
D_g q wave +400.00 4
\ =§ +200.00
B ]
Valley E 000
~ EU) 1
o T -200.00
-0.43251 T ]
-400.00 —
| T T T T | T T T T | T T T T | T T T T |
[ev 0.833 wave | |pv 526.87 nm | 0 50 100 150 200
Distance {pix)
|rms 0.13 wave | |rms 79.5%4 nm |
[power 0.39 wave | [|Points 33738 |save Datal [ev 0.31  wave ||rms 0.073 wave
[size x 125.6 mm | Removed:
n PST TLT PWE
|S:Lze ¥ 125.6 mm |
: 3
|E [Z430 | Intensity (= 2999 ] Process
I Store ” Undo ” Clear IAuto Store: On Load
m Process Stats
. BV rms Coef 4 Coef 5 Coef © Coef 7
] wave wave wave wave wave wave
1 0.833 0.13 -0.052 0.104 -0.0Z6 0.214
2 0.888 0.13 0.020 0.132 0.001 0.230
3 0.914 0.13 -0.047 0.133 -0.044 0.222
4 1.063 0.15 -0.107 0.218 -0.042 0.220
5 0.945 0.14 -0.069 0.171 —-0.04Z2 0.219
Range 0.230 0.03 0.127 0.114 0.046 0.017
Mean 0.%29 0.14 -0.051 0.151 -0.031 0.221
StdDev 0.086 0.01 0.046 0.044 0.019 0.0086
Nvalid 5 5 5 5 5 5
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OAP #5, 125mm mask. Remaining tilt-adjustment measurements were missing; see next image for check.

Transmitted Wavefront Error Map

Filled Plot

E EER Measure Attributes
Time: Fri Aug 26 23:24:32 2011 Camera Res: 0.6070 mm
+0.31102 I - | | |
|rwE testing, Parabola #5 [Time: 26-aug-11:23:24:32]
£ Ipata File: 5 MinAMinusY.dat |
Pezk
IE [ZYgo | Phase Profile
wave +200.00
+75.00
€ ]
Valley £ -s0.00
7 £ ]
(= ]
T -175.00
-0.36897 = ]
-300.00 -
| T T T T | T T T T | T T T T | T T T T |
[ev 0.680 wave | |pV 430.30 nm | 0 50 100 150 200
Distance {pix)
|rms 0.13 Wwave | |rms 84 .55 nm |
[power -0.23 wave | |Points 33684 |save Datal [ev 0.31  wave ||rms 0.085 wave
[size x 125.6 mm | Removed:
- PEST TLT EWR
|S:Lze ¥ 125.6 mm |
: m
|E [Z430 | Intensity (= 2999 ] Process
I Store ” Undo ” Clear IAuto Store: On Load
m Process Stats
. BV rms Coef 4 Coef 5 Coef © Coef 7
i wave wave wave wave wave wave
1 0.e80 0.13 0.104 0.075 —-0.04Z2 -0.048
2 0.703 0.12 0.08e -0.040 -0.049 -0.041
3
4
5
Range 0.023 0.01 0.018 0.115 0.007 0.008
Mean 0.e9%1 0.13 0.095 0.01s8 -0.045 -0.044
StdDev 0.01e6 0.01 0.013 0.o081 0.005 0.006
Nvalid 2 2 2 2 2 2
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OAP #5, 125mm mask, best fit astigmatic (‘potato chip’) shape removed for double-check.

E m Transmitted Wavefront Error Map
; 3
B ESFE Filled Plot E EER Measure Attributes
Time: Fri Aug 26 23:24:32 2011 Camera Res: 0.6070
+0.38008 I - | |
|rwE testing, Parabola #5 [Time: 26-2ug-11:23:
£ Ipata File: 5 MinAMinusY.dat |
Pezk
IE [ZYgo | Phase Profile
wave +300.00
+175.00
€ ]
Valley £ +s0.00
7 £ ]
(= ]
‘T -75.00
-0.31433 = ]
-200.00 -
| T T T T | T T T T | T T T T | T T T T |
[ev 0.694 wave | |pV 439.42 nm | 0 50 100 150 200
Distance {pix)
|rms 0.12 wave | |rms 77.68 nm |
[power -0.23 wave | |Points 33684 |save Datal [ev 0.34 wave ||rms 0.080 wave
[size x 125.6 mm | Removed:
- PST TLT PWR AST
|S:Lze ¥ 125.6 mm |
: m
|E [Z430 | Intensity (= 2999 ] Process
I Store ” Undo ” Clear IAuto Store: On Load
m Process Stats
. BV rms Coef 4 Coef 5 Coef © Coef 7
i wave wave wave wave wave wave
1 0.e80 0.13 0.104 0.075 —-0.04Z2 -0.048
2 0.703 0.12 0.08e -0.040 -0.049 -0.041
3 0.694 0.12 0.104 0.075 -0.042 -0.048
4
5
Range 0.023 0.01 0.018 0.115 0.007 0.008
Mean 0.6e5%2 0.13 0.098 0.037 -0.044 -0.04e
StdDev 0.012 0.01 0.010 0.066 0.004 0.005
Nvalid 3 3 3 3 3 3
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OAP #6, 125mm mask

Transmitted Wavefront Error Map

; 3
Filled Plot E EER Measure Attributes
Time: Fri Aug 26 23:49:32 2011 Camera Res: 0.6070
+0.29028 I - | |
|rwE testing, Parabola #6 [Time: 26-2ug-11:23:
£ |Ipata File: 6 Mina.dat |
Pezk
IE [ZYgo | Phase Profile
wave +ZDD.DD—_
+100.00
"é"\ 4
Valley E 000
7 = -
f=] 4
@ -100.00 7
-0.26611 - ]
-200.00 —
| T T T T | T T T T | T T T T | T T T T |
[ev 0.556 wave | |pV 352.09 nm | 0 50 100 150 200
Distance {pix)
|rms 0.13 wave | |rms 81.52 nm |
[power -0.26 wave | |Points 33701 |save Datal [ev 0.46 wave ||rms 0.125 wave
[size x 125.6 mm | Removed:
- PEST TLT EWR
|S:Lze ¥ 125.6 mm |
: m
|E [Z430 | Intensity (= 2999 ] Process
I Store ” Undo ” Clear IAuto Store: On Load
m Process Stats
. BV rms Coef 4 Coef 5 Coef © Coef 7
i wave wave wave wave wave wave
1 0.5586 0.13 -0.121 0.01e -0.078 0.0e7
2 0.715 0.13 -0.010 0.108 -0.052 0.052
3 0.674 0.12 -0.0c4 0.074 —-0.053 0.060
4 0.585 0.13 -0.106 0.0%2 -0.078 0.05%
5 0.e81 0.1z -0.017 0.0862 -0.0586 0.063
Range 0.159 0.01 0.112 0.0%0 0.0Ze 0.015
Mean 0.e43 0.13 -0.064 0.070 -0.063 0.0e0
StdDev 0.067 0.00 0.051 0.035 0.013 0.0086
Nvalid 5 5 5 5 5 5
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OAP #7, 125mm mask

E m Transmitted Wavefront Error Map
; 1
B ESFE Filled Plot E EER Measure Attributes
Time: Sat Aug 27 00:32:05 2011 Camera Res: 0.6070 mm
+0.63138 I - | |
] |RWwE testing, Parabola #7 [Time: 27-aug-11:00:32:
I £ Ipata File: 7mina.dat |
‘ Pezk
2| = IE [ZYgo | Phase Profile
B 4 wave +400.00
+200.00
E 4
Valley E 000
~ = 1
Fao) 4
D -200.00
-0.39780 - ]
-400.00 —
| T T T T | T T T T | T T T T | T T T T |
[ev 1.029 wave | |pv 651.26 nm | 0 50 100 150 200
Distance {pix)
|rms 0.17 wave | |rms 106.84 nm |
[power -0.15 wave | [Points 33724 |save Datal [ev 0.53 wave ||rms 0.141 wave
[size x 125.6 mm | Removed:
- PEST TLT EWR
|S:Lze ¥ 125.6 mm |
; 3
|E [Z430 | Intensity (= 2999 ] Process
I Store ” Undo ” Clear IAuto Store: On Load
m Process Stats
. BV rms Coef 4 Coef 5 Coef © Coef 7
] wave wave wave wave wave wave
1 1.029 0.17 0.015 -0.09%4 —-0.004 -0.184
2 1.0%0 0.17 -0.024 -0.086 0.000 -0.195
3 1.117 0.18 -0.070 -0.125 -0.01e -0.212
4 1.101 0.17 -0.001 -0.044 0.003 -0.187
5 1.135 0.18 0.034 -0.151 -0.032 -0.204
Range 0.1086 0.0z 0.104 0.107 0.035 0.0Z28
Mean 1.0%5 0.17 -0.009 -0.100 -0.010 -0.19%e
StdDev 0.040 0.01 0.040 0.041 0.014 0.012
Nvalid 5 5 5 5 5 5
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OAP #8, 125mm mask

E m Transmitted Wavefront Error Map
; m
B ESFE Filled Plot E EER Measure Attributes
Time: Sat Aug 27 00:57:45 2011 Camera Res: 0.6070
+1.06831 I - | |
] |RwE testing, Parabola #8 [Time: 27-2aug-11:00:57:
£ |Ipata File: 8 mina.dat |
Pezk
IE [ZYgo | Phase Profile
[g,’ : qd wave +1000.00
+625.00
. € ]
Valley S +250.00
7 EU) ]
(] B -125.00
-0.66481 = ]
-500.00 -
| T T T T | T T T T | T T T T | T T T T |
[ev 1.733  wave | |pv 1096.72 nm | 0 50 100 150 200
Distance {pix)
|rms 0.24 wave | |rms 14%.60 nm |
[power 0.11 wave | [|Points 33720 |save Datal [ev 1.44 wave ||rms 0.244 wave
[size x 125.6 mm | Removed:
- PEST TLT EWR
|S:Lze ¥ 125.6 mm |
; 3
|E [Z430 | Intensity (= 2999 ] Process
I Store ” Undo ” Clear IAuto Store: On Load
m Process Stats
. BV rms Coef 4 Coef 5 Coef © Coef 7
i wave wave wave wave wave wave
1 1.733 0.24 -0.177 -0.020 -0.253 0.013
2 1.846 0.25 -0.173 0.149 -0.285 0.024
3 1.789 0.25 -0.226 0.152 -0.252 0.0z28
4 1.867 0.26 -0.210 0.170 -0.274 0.002
5 1.752 0.25 -0.218 0.068 -0.255 0.003
Range 0.134 0.02 0.053 0.151 0.021 0.025
Mean 1.788 0.25 -0.201 0.104 -0.280 0.014
StdDev 0.058 0.01 0.024 0.080 0.009 0.012
Nvalid 5 5 5 5 5 5

OAP Test Report
Prepareor

P

15



OAP #1, full aperture. Note: full aperture comparisons of tilt adjustments were not performed due to varying edge data
guantity from one measurement to the next.

El EER Transmitted Wavefront Error Map
; 1
B ESEC Filled Plot E EZER Measure Attributes
Time: Fri Aug 26 1%:58:51 2011 Camera Res: 0.6000 Tm
+0.57837 | - | |
O |rwE Testing, Parabola #1 [Time: 26-Aug-11:19:58:51]
£ |pata File: .\parabolal\l Mina.dat |
Feak
IE [Zz4go | Phase Profile
wave +400.00
+150.00
5 1
Valley £ -100.00
~ £ ]
=3 ]
T -350.00
-0.63500 = ]
-600.00 -
| T T T T | T T T T | T T T T | T T T T I T
B 1.213  wave | |BV 767.87 nm | 0 50 100 150 200
Distance {pixl
|rms 0.24 wave | |rms 152.51 nm |
|Power -0.11 wave | |Points 36495|Save Datal IPV 1.05 wave "rms 0.303 wave
[size x 129.6 mm | Removed:
n PST TLT PWE
|S:Lze ¥ 130.2 mim |
|E [Z430 | Intensity B EEd Process
I Store ” Undo ” Clear | IAuto Store: On Load
[Zzugo | Process Stats
] BV rms Coef 4 Coef 5 Coef & Coef 7
] wave wave wave wave wave wave
1
2
3
4
5
Range
Mean
StdDev
NvValid
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OAP #2, full aperture

E m Transmitted Wavefront Error Map
; 1
B ESFE Filled Plot E EER Measure Attributes
Time: Fri Aug 26 18:385:15 2011 Camera Res: 0.5931 mm
+1.30138 I - | |
O |RWwE Testing, Parabola #2 [Time: 26-aug-11:18:38:19]
‘ £ |Ipata File: .\parabola2\Z Mina.dat |
Pezk
IE [ZYgo | Phase Profile
m %] wave +1DDD.DD—:
+500.00
€ ]
Valley £ 40,003
\ ~ £ ]
=3 ]
] T -500.00
-1.02271 = ]
-1000.00 -
| T T T T | T T T T | T T T T | T T T T | T
[ev 2.324 wave | |pv 1470.68 nm | 0 50 100 150 200
Distance {pix)
|rms 0.35 wave | |rms 224 .25 nm |
[power -0.15 wave | [Points 36964 |save Datal [ev 2.20 wave [[rms 0.444 wave
[size x 128.1 mm | Removed:
- PEST TLT EWR
|S:Lze ¥ 129.3 mm |
; 3
|E [Z430 | Intensity (= 2999 ] Process
I Store ” Undo ” Clear IAuto Store: On Load
m Process Stats
. BV rms Coef 4 Coef 5 Coef © Coef 7
] wave wave wave wave wave wave
1
2
3
4
5
Range
Mean
StdDev
Nvalid
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OAP #3, full aperture

El EER Transmitted Wavefront Error Map
; 3
B ESEC Filled Plot E EZER Measure Attributes
Time: Fri Aug 26 21:46:36 2011 Camera Res: 0.5541
+0 66881 | - | |
EWE Testing, Parabola Time: —Aug- : :
O i bola #3 i 26 11:21
£ |pata File: .\parabola3\3 Mina.dat
Feak
IE [Zz4go | Phase Profile
wave +600.00
+350.00
5 1
Valley £ +100.00
~ £ ]
O T -150.00
-0.47527 - ]
-400.00 -
| T T T T | T T T T | T T T T I T T T | T
B 1.144 wave | |BV 723.57 nm | 0 50 100 150 200
Distance {pixl
|rms 0.21 wave | |rms 131.16 nm |
|Power -0.13 wave | |Points 3?248|Save Datal IPV 0.%2 wave "rms 0.227 wave
[size x 128.3 mm | Removed:
n PST TLT PWE
|S:Lze ¥ 130.1 mim |
|E [Z430 | Intensity B EEd Process
I Store ” Undo ” Clear | IAuto Store: On Load
[Zzugo | Process Stats
] BV rms Coef 4 Coef 5 Coef & Coef 7
ol wave wave wave wave wave wave
1
2
3
4
5
Range
Mean
StdDev
NvValid
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OAP #4, full aperture

E m Transmitted Wavefront Error Map
; 3
B ESFE Filled Plot E EER Measure Attributes
+0.44879 |Time: Fri Aug 26 22:41:38 2011| [camera Res: 0.6070 mm |
|RWwE testing, Parabola #4 [Time: 26-aug-11:22:41:38]
£ |Ipata File: 4 Mina.dat |
Pezk
L £, IE [ZYgo | Phase Profile
' : 4 wave +400.00
"- +200.00
s ]
: Valley E 000
. 7 = 1
f=] 4
] T -200.00
-0.42450 = ]
-400.00 —
| T T T T | T T T T | T T T T | T T T T | T
[ev 0.873 wave | |pv 552.62 nm | 0 50 100 150 200
Distance {pix)
|rms 0.13 wave | |rms 83.05 nm |
[power 0.43 wave | [|Points 35738 |save Datal [ev 0.29 wave ||rms 0.071 wave
[size x 130.5 mm | Removed:
PEST TLT EWR
[size ¥ 131.1 mm |
|E [Z430 | Intensity B EEd Process
I Store ” Undo ” Clear IAuto Store: On Load
m Process Stats
. BV rms Coef 4 Coef 5 Coef © Coef 7
i wave wave wave wave wave wave
1
2
3
4
5
Range
Mean
StdDev
Nvalid

OAP Test Report
Preparedor

P
V.r )

19



OAP #5, full aperture

E m Transmitted Wavefront Error Map
; 3
B ESFE Filled Plot E EER Measure Attributes
Time: Fri Aug 26 23:24:32 2011 Camera Res: 0.6070 mm
+0.35435 I - | |
] |rwE testing, Parabola #5 [Time: 26-aug-11:23:24:32]
£ Ipata File: 5 MinAMinusY.dat |
Pezk
IE [ZYgo | Phase Profile
wave +300.00 5
+150.00 4
E J
Valley £ o004
7 = ]
5 J
I -150.00
-0.36403 T 1
-300.00 —
| T T T T I T T T T | T T T T | T T T T | T
[ev 0.718 wave | |pv 454.59 nm | 0 50 100 150 200
Distance {pix)
|rms 0.14 wave | |rms 85.82 nm |
[power -0.25 wave | |Points 35247 |save Datal [ev 0.32 wave ||rms 0.086 wave
[size x 128.7 mm | Removed:
- PEST TLT EWR
|S:Lze ¥ 129.5 mm |
: m
|E [Z430 | Intensity (= 2999 ] Process
I Store ” Undo ” Clear IAuto Store: On Load
m Process Stats
. BV rms Coef 4 Coef 5 Coef © Coef 7
i wave wave wave wave wave wave
1 0.718 0.14 0.100 0.057 —-0.044 -0.045%9
2
3
4
5
Range o.oo00 0.00 0.000 0.000 0.000 0.000
Mean 0.718 0.14 0.100 0.057 -0.044 -0.045%5
StdDev
Nvalid 1 1 1 1 1 1
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OAP #5, full aperture, best fit astigmatic (‘potato chip’) shape removed as a double-check.

E m Transmitted Wavefront Error Map
; 3
B ESFE Filled Plot E EER Measure Attributes
Time: Fri Aug 26 23:24:32 2011 Camera Res: 0.6070
+0.44878 I - | |
] |rwE testing, Parabola #5 [Time: 26-2ug-11:23:
£ Ipata File: 5 MinAMinusY.dat |
Pezk
IE [ZYgo | Phase Profile
wave +300.00
+175.00
€ ]
Valley £ +s0.00
7 £ ]
(= ]
‘T -75.00
-0.31511 = ]
-200.00 -
| T T T T I T T T T | T T T T | T T T T | T
[ev 0.764 wave | |pv 483.39 nm | 0 50 100 150 200
Distance {pix)
|rms 0.13 wave | |rms 79.71 nm |
[power -0.25 wave | |Points 35247 |save Datal [ev 0.33 wave ||rms 0.082 wave
[size x 128.7 mm | Removed:
- PST TLT PWR AST
|S:Lze ¥ 129.5 mm |
: m
|E [Z430 | Intensity (= 2999 ] Process
I Store ” Undo ” Clear IAuto Store: On Load
m Process Stats
. BV rms Coef 4 Coef 5 Coef © Coef 7
i wave wave wave wave wave wave
1 0.718 0.14 0.100 0.057 —-0.044 -0.045%9
2 0.764 0.13 0.100 0.057 -0.044 -0.049
3
4
5
Range 0.04e 0.01 0.000 0.000 0.000 0.000
Mean 0.741 0.13 0.100 0.057 -0.044 -0.045%5
StdDev 0.032 0.01 0.000 0.000 0.000 0.000
Nvalid 2 2 2 2 2 2
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OAP #6, full aperture

Transmitted Wavefront Error Map
; 1
Filled Plot E EER Measure Attributes
Time: Fri Aug 26 23:49:32 2011 Camera Res: 0.6070 mm
+0.53558 I - | | |
|rwE testing, Parabola #6 [Time: 26-aug-11:23:45:32]
£ |Ipata File: 6 Mina.dat |
Pezk
IE [ZYgo | Phase Profile
wave +400.00
+250.00
E J
Valley £ +100.00 -
~ = ]
5 J
o -50.00 4
-0.27228 T 1
-200.00 —
| T T T T I T T T T | T T T T | T T T T | T
0.808 wave | |pV 511.21 nm | 0 50 100 150 200
Distance {pix)
|rms 0.13 wave | |rms 83.70 nm |
[power -0.25 wave | |Points 35556 |save Datal [ev 0.78 wave ||rms 0.148 wave
[size x 130.5 mm | Removed:
n PST TLT PWE
|S:Lze ¥ 130.5 mm |
: 3
|E [Z430 | Intensity (= 2999 ] Process
I Store ” Undo ” Clear IAuto Store: On Load
m Process Stats
. BV rms Coef 4 Coef 5 Coef © Coef 7
] wave wave wave wave wave wave
1
2
3
4
5
Range
Mean
StdDev
Nvalid
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OAP #7, full aperture

E m Transmitted Wavefront Error Map
; 1
B ESFE Filled Plot E EER Measure Attributes
Time: Sat Aug 27 00:32:05 2011 Camera Res: 0.6070 mm
+0.70528 I d | |
] |RWwE testing, Parabola #7 [Time: 27-aug-11:00:32:09]
£ Ipata File: 7mina.dat |
I Pezk
IE [ZYgo | Phase Profile
wave +600.00 5
+350.00
£ ]
Valley £ +100.00
~ £ ]
=3 ]
B -150.00
-0.47992 = ]
-400.00 -
| T T T T | T T T T I T T T T I T T T T | T
[ev 1.185 wave | |pv 745.99 nm | 0 50 100 150 200
Distance {pix)
|rms 0.17 wave | |rms 107.51 nm |
[power -0.14 wave | [|Points 34951 |save Datal [ev 0.59 wave ||rms 0.145 wave
[size x 129.3 mm | Removed:
n PST TLT PWR AST
|S:Lze ¥ 128.7 mm |
; 3
|E [Z430 | Intensity (= 2999 ] Process
I Store ” Undo ” Clear IAuto Store: On Load
m Process Stats
. BV rms Coef 4 Coef 5 Coef © Coef 7
] wave wave wave wave wave wave
1
2
3
4
5
Range
Mean
StdDev
Nvalid
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OAP #8, full aperture

E m Transmitted Wavefront Error Map
; m
B ESFE Filled Plot E EER Measure Attributes
+1.21396 ITime: Sat ARug 27 00:57:49 2011| |Camera Res: 0.6070 mm |
o |RwE testing, Parabola #8 [Time: 27-aug-11:00:57:49]
£ |Ipata File: 8 mina.dat |
Pezk
I IE [ZYgo | Phase Profile
q wave +1000.00
+625.00
€ ]
Valley S +250.00
7 £ ]
=3 ]
] T -125.00 -
-0.66711 = ]
-500.00 -
| T T T T I T T T T T T T | T T T T | T
[ev 1.881 wave | |pv 11%0.34 nm | 0 50 150 200
Distance {pix)
|rms 0.25 Wwave | |rms 158.51 nm |
[power 0.15 wave | |Points 35515 |save Datal [ev 1.65 wave ||rms 0.290 wave
[size x 130.5 mm | Removed:
PEST TLT EWR
[size ¥ 130.5 mm |
|E [Z430 | Intensity B EEd Process
I Store ” Undo ” Clear IAuto Store: On Load
m Process Stats
. BV rms Coef 4 Coef 5 Coef © Coef 7
i wave wave wave wave wave wave
1
2
3
4
5
Range
Mean
StdDev
Nvalid
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Company Profile: Absolute Metrology Services

Absolute Metrology Services was established in 2005 by Maria D. Robinson (Chief Metrologist). Maria has a B.S. in
Applied Physics from the California Institute of Technology (1993) and a M.S. in Optical Sciences from the
University of Arizona (1995). Maria shifted her career from optical design to interferometry in 1998, working for Zygo
Corporation in customer education, applications engineering, and later moving into research and development
projects where only the most precise metrology would be used.

AMS was originally created as a means to meet the demand for quality interferometry training while continuing to
satisfy the need for high level R&D project testing. We have taught proper metrology methods to over one thousand
students: at Zygo Corporation, the University of Rochester, ASPE, and optics manufacturers around the world.
High-level metrology experience includes absolute testing and calibration of optics to nanometer levels. Maria
states, "We enjoy the customer training just as much as the high-level metrology projects, and AMS given us the
flexibility to do both. It has been very rewarding."

When the economic downturn in the fall of 2008 diminished the need for nanometer-level testing, AMS expanded its
offerings to include general optical testing. Maria states, “We thought that we could provide basic metrology
services at a more affordable price than the larger optical testing services, and that this would be well received.”

Our Mission Statement:

AMS strives to deliver quality training and testing at an exceptional value to our customers.

AMS has the advantage of nanometer-level training and testing experience without the large-company prices. We
are able to do this because we are in constant contact with optics manufacturers who own interferometers and have
used AMS’ training and testing services, and we do not hire separate salespeople, secretaries, or accountants for
day-to-day business.

We are enjoying our sixth year as we continue to assist customers with their metrology challenges. Thank you for
your business!
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