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1 Requirements

The tolerances of the optics (Table 1) determine the accuracy of the placement of the assemblies.
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1.1 Coordinate system

Since the instrument maps the focal surface to the detector plane, the instrument can move as a whole by a rather large amount. The coordinate system of the instrument is tied to the telescope with a tolerance of the focal surface. The positional tolerance of the focal surface along the optical [image: image4.wmf]Element
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axis is determined by the loss of less than 1% of the light through a 0.08-arcsec slit. The angular tolerance is fixed by the focus.
The coordinate system will be established and located with several benchmarks on the optical box.
1.2 Coordinate measuring machine

A coordinate measuring machine (CMM) will be used for positioning. We have purchased a used  DEA Diamond 01.02. The bed is flat to 2.0(1+L/1000mm), where L is the distance. The other parameters are in the table. The CMM is large enough to measure the optical box.

[image: image2]
2 Alignment of the off-axis aspheric mirrors

In principle, optical alignment of the off-axis aspheric mirrors requires adjusting 6 parameters, which are three translations and three rotations.

Axsys Technologies is able to position the mirror within a cell to the required accuracy. The cell has pins and pads whose positions are known precisely. Therefore the off-axis conics can be positioned with a CMM if they are purchased from Axsys.

SORL is able to set the rotation about the optic axis, but the off-axis distance is specified to 2 mm. We have determined that the tilt of the surface can be set mechanically so that the surface matches the true surface within the accuracy of a CMM (3). The residual surface error (Figure 2) of the f/11 collimator is smaller (tens of nm) than the capabilities of a CMM. Therefore alignment of the SORL mirrors requires determination of two parameters by examination of the images.


[image: image3] 
3 Alignment of the other optics
3.1 Positional tolerances
The positional tolerances, the tightest of which is 0.1 mm, are well within the accuracy of a coordinate measuring machining. The focus must be adjusted. 
3.2 Focus adjustment

To adjust focus, the f/11 collimator and f/21 camera mirrors must be moved. The tilt must be preserved to 24 over 200mm. This requires a focusing jig with micrometers. The DM-13 of Newport can be positioned to an accuracy of 1% (2 for the 0.2-mm range of the fine motion).
3.3 Tilt
The tilts will be adjusted for each assembly before integration. The tolerance is equivalent to at least 6–100 across 50 mm, which is within the capability of the CMM.
The detector has been measured with an optical measuring machine to an accuracy of 3. See “Detector Metrology,” Davis & Loh, 20 September 2001. The detectors surface and detector frame are tilted by about 100 at the corners of the frame.
4 Pre-Assembly

4.1 Receive parts for SOBER and the camera

4.2 Assemble SOBER

4.3 Calibrate SOBER Focus in IR and Visual

4.3.1 Measure the absolute position of the focus with respect to the mounting plate.

4.3.2  Calibrate the focusing micrometer to an accuracy of 30µ.
4.4 Test the Phytron PRS-110-VSS-UHVC rotation stage

A mirror is mounted on a post on the rotation stage. The stage is mounted on an optical bench through thermally insulated posts. The stage can be immersed in liquid nitrogen.

4.4.1 Does the stage function at 77K?
4.4.2 Measure response of rotational stage to torque

The requirement for the torsional spring constant is 100 µrad/ N-m, which is a factor of 50 worse than the specification of the stage at room temperature. What is the spring constant at 77K?
The response to a torque will be measured with an alignment telescope.
5 Alignment on Optical Bench before Assembly

The tilt of the mirrors in the direction parallel to the optical box (y-tilt) may be adjusted on an optical bench before installation.
5.1 Collimator Mirrors
5.2 First Fold
5.3 Camera Mirrors
5.4 Second Fold
5.5 Detector assembly

5.6 Filter wheels
6 Assembly at Room Temperature

The optics will be positioned with an accuracy of 0.003”. This translates to 1mrad over 3 in. The tightest tolerances are 0.2mrad.
6.1 Window – no tweaks needed

6.2 Slits & masks – no tweaks needed

6.3 Collimator with X-Tilt Tweak Mechanism – Decenter tolerance is within mechanical tolerances, and Y-Tilt is previously aligned


6.4 First Fold with X-Tilt Tweak Mechanism – Y-Tilt previously aligned

6.5 Filter Wheel & Lyot Stop – no tweaks needed

6.6 Camera Mirror with X-Tilt Tweak Mechanism – Decenter tolerance is within mechanical tolerances, and Y-Tilt is previously aligned

6.7 Second Fold Mirror with X-Tilt Tweak Mechanism – Y-Tilt previously aligned

6.8 Field-flattening lens – All optical tolerances are larger than mechanical tolerances

6.9 Detector stage with focus (z-motion) tweak mechanism

6.10 Install 2 multiplexers for use in alignment
7 Alignment with Camera
7.1 Alignment procedure (See Alignment Procedure document for details)

7.1.1 Take images of six field points

7.1.2 Examine encircled energy to determine which parameter needs alignment

7.1.3 Adjust parameter

7.1.4 Repeat until encircled energy differences are minimized according to alignment procedure 
7.2 Repeat for all parameters


7.3 Use SOBER in center position to align camera pupil

8 Test Cold

8.1 Mount/install optical box in dewar

8.2 Pump camera & cool

8.3 Attach SOBER to camera

8.4 Check for f/12 and f/21 focus coincidence

9 Test in IR in the J-band
9.1 Attach IR LED to SOBER and check focus
9.2 Attach test pattern to SOBER. (SOBER vignets.)

10 Cooling cycles

10.1 Cool-down time

The cool-down time is about 1 hour.
10.1.1 Fill time

It takes 1 hour to fill the nitrogen can. The fill time is limited by the rate of escape of the gas. For this estimate, enough nitrogen is put in to cool the optical box and enclosed mass.
10.1.2 Optical box

The temperature of the optical box must be within 11K for the focus to be within tolerance (50µ). 
The thermal time of the optical box is 10 min.
The cool-down time is 30 min, which is 3 e-fold times.
10.1.3 Optics
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The thermal connection of the optics is not controlled. To estimate the cooling time, only radiation is considered. See Figure.
For Zerodur (we use silica), the focus change of the f/11 collimator from room temperature to 77K is 14µ, which is just within tolerance. The focus is sufficient even at room temperature.
The radiation of the mirror is not of concern. If the mirrors are cooled 27K, the radiation is l/10 that of the mirrors of the telescope. That takes about 1 hour.

10.2 Number of cycles
10.2.1 Test hold times—2
A few optics mounts will be installed to measure their temperatures.

The temperature distribution of the optical box will be measured.
10.2.2 Test focus after alignment at room temperature—2

The temperatures of all of the optics will be measured. This will require several days of monitoring.

10.2.3 Test complete—2

The IR detectors will be installed in place of the multiplexors.
Can the camera take a picture? Is the focus correct?

Is the thermal background low enough?



Table � SEQ Table \* ARABIC �1�. Positional and angular tolerances. The x direction is perpendicular to the plates of the optical box. The z direction is along the optic axis.


� LINK Excel.Sheet.8 "C:\\My Documents\\SOAR IR Camera\\Design\\mechanisms.xls" "Sheet2!R2C1:R19C13" \a \p ���





�


Figure � SEQ Figure \* ARABIC �3� Cooldown of the collimator by radiation only. The collimator is simulated by a 20-mm thick aluminum plate.














�Figure � SEQ Figure \* ARABIC �2� Mirror surface error in nm for a shift in the x-direction equal to the tolerance (0.1mm) for the f/11 collimator. Removed are a translation of 9.6 along the optic axis and a tilt amounting to 7.4 at the edge.








�Figure � SEQ Figure \* ARABIC �1� Transmission through a 27- (0.08") slit vs position of the slit.








Table � SEQ Table \* ARABIC �2� Specifications of the DEA Diamond 01.02 coordinate measuring machine.


Specification�
X�
Y�
Vertical�
�
Stroke [mm]�
1017�
661�
457�
�
Daylight [mm]�
(�
762�
686�
�
2- accuracy at full stroke []�
4.9�
3.0�
2.5�
�
2- accuracy at zero  stroke []�
1.5�
1.5�
1.5�
�
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