AO Demonstrator System – Mark Ammons
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General support structure – 18” x 24” lightweight breadboard.  Total weight of structure (minus source modules, computer, electronics) is estimated to be 15-20 kg.  This could possibly be carried around (although the DM will be open to the air).  The support electronics and power sources will likely add 20-30 kg to the weight, so a better option would be to put the electronics on the lower shelf of a cart with wheels.  The breadboard could be placed on top.  

Laser – use a diode laser, fiber-coupled onto the plate.  Other sources can be traded in with this scheme.  The actual source module and its power supply should be located on the lower shelf.  A few mW would ensure that the maximum incident intensity of the mirror is not exceeded.  Assume the NA of the outgoing beam is ~0.2.  Also assume that the desired fraction of this beam is ~0.05.  

Beam diameter - The requirements on the beam diameter are as follows:  

1. The mirror has a diameter of 15 mm, which corresponds to a hexagonal arrangement of 37 actuators.  7 actuators stretch across the mirror, giving an actuator diameter of 2 mm. The desired beam diameter at this point should probably be 12 mm.

2. The phase plates have “pixels” on the order of 400 microns.  For a 12 mm beam diameter at the DM, only 6 subapertures are covered.  Thus, the beam should be magnified to 6 x .4 mm = 2.4 mm in the region of the phase modulator.

3. A possible lenslet array in OKO stock has a 6x6 subaperture arrangement with 1.5 mm pitch, corresponding to a square 9 mm on a side.  The beam diameter at this point depends on the desired extent of overdetermination:  A 9 mm beam would be well sampled at the WFS, but only 24 subapertures would be usable, giving a slightly overdetermined system (48 WFS measurements, 37 actuators).  A ~13 mm beam would not be well-sampled spatially; but all 36 subapertures could be used, giving 72 WFS measurements (significantly overdetermined).  

Support optics – We need a single collimating lens and two simple optical relays.  The beam train may be as follows:  Collimating lens, phase modulator, optical relay (two lenses), deformable mirror (DM), optical relay (two lenses, with a 50/50 beamsplitter in between), lenslet array, wavefront sensor camera.  The light divided by the beamsplitter will go to a scoring/science camera of some kind.  Assume all optics to have a diameter of 25.4-30.0 mm.  See the accompanying figure.

1. Collimating lens – With a desired input NA of 0.05 and beam diameter of 2.4 mm for the first leg, the collimating lens should have a focal length of approximately 50 mm.

2. First relay – the first set of relays should have a focal length ratio of (12 mm / 2.4 mm) = 5.  If the DM is placed at the far focal plane of the lens with the longer focal length, the DM's conjugate plane (and thus the ideal location for the phase modulators) would be at the near focal plane of the shorter lens of the relay.  The total distance between the DM and the phase modulator would be 2 (f_1 + f_2) = 2 (6 x f_1) = 12 times the shorter focal length.  To fit on the 24” = 61 cm breadboard, we require this distance to be approximately 36 cm, giving a short focal length of 30 mm.  Thus the first optical relay is a ~30 mm lens and a ~150 mm lens.  

3. Second relay – the second set of relays should have a focal length ratio of (9 mm / 12 mm) = 0.75.  The Nyquist limit and the pixel size of the scoring camera determine the larger focal length.  
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where u is the pixel size of the camera, f is the focal length of the larger focal length, d is the incident beam diameter (9 mm), and l is the wavelength of light.  Assume the pixel size is 6 microns and the wavelength of light is ~640 nm.  Then the larger focal length is ~170 mm and the shorter is (0.75 * 170) ~127 mm.  We would like the plane of the lenslet array to be conjugate to the DM, so the distance along the optical path between the DM and the lenslet array should be 2*(f_0 + f_1) ~ 59.4 cm.  This path can be folded to fit on the breadboard.  

4. Beamsplitter – 50/50.  If a cube is used, an orientation minimizing multiple reflections should be considered.  

5. Variable parameters.  If the parameters of the optics (focal lengths, pixel size, etc.) are fixed, several parameters are freely variable.  This includes:  The angle between the first leg (upstream of the DM) and the second leg (downstream of the DM); The distance between the first collimating lens and the phase modulator; and the position of the beamsplitter in the second leg.  All can be determined from space constraints.

Support structures – This includes various lens holders, rails, stages, etc.

1. 3 rails, approximately 50 cm, 34 cm, and 25 cm in length.  Need > 6 carriers for lenses.  

2. 5-10 posts and post holders for lenses and other components.  All f#'s are large, so we likely do not need fine adjustment for lenses.  

3. rotation stage for beamsplitter? 

4. Will possibly need several pedestals and lockdown clamps.  
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Map of beam, actuators, and wfs subapertures assuming 15mm OKO mirror with 1.75mm actuator spacing, 12mm beam incident on OKO mirror, 9mm beam incident on lenslet array with 1.5mm pitch.
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Beam diameters:  

1. The actuator diameter is about 1.75 mm and the lenslet array has a 1.5 mm pitch. Shrinking the beam by 0.3 subapertures on the radius gives beam diameters of 10.8 mm on the DM and 8.1 mm on the WFS.

2. For a phase modulator with pixels of 400 microns, the ratio between the DM subapertures and the phase modulator subapertures is 4.375.  The beam diameter at the phase modulator, then, should be ~ 2.5 mm.

Support optics – 

2. Collimating lens – Keep previous focal length estimate of 50 mm.

3. First relay – the first set of relays should have a focal length ratio of (10.8 mm / 2.5 mm) = 4.375.  Following the logic given for the first draft optical layout, we arrive at focal lengths of ~35 mm and ~150 mm.  

4. Second relay – the second set of relays should have a focal length ratio of (8.1 mm / 10.8 mm) = 0.75.  Again, following the logic given for the first draft optical layout, we find focal lengths of ~150 mm and ~115 mm.  

Accounting for bias curvature of DM

The DM has a full stroke of 9 microns, or a half stroke of 4.5 microns.   The DM must be zeroed at the 4.5 micron point so that it can correct in both directions (biased operation).  It's radius of curvature is approximately (15 mm / 2)^2 / .0045 mm = 12.5 m, giving a focal length of 6.25 m.  If the distance between the DM and the first lens of the second relay (f ~ 150 mm) is constrained to be f, then the focus of the first lens will be at a closer position.  The beam diameter at the first lens will be 10.8 mm * (1 – f / 6.25 m) = 10.5 mm.  The distance between the focus and the first lens can be calculated by the lens equation:
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where o is the negative object distance (o = f – 6.25 m).  Then
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which, for f ~ 150 mm, gives a distance of 0.976 f.  The second lens (focal length f') in this relay must be at a distance of f' from the focus to collimate the beam.  The beam diameter on the second lens is d' = f'*d / y, where d is the beam diameter on the first lens.    It turns out that the curvature on the DM does not change d', as long as the distance y is set to .976f.  The distance between the second lens and the WFS must be f' to keep the DM conjugate to the WFS.  

Conclusion:  To take the DM biased curvature into account, one must decrease both the distance between the scoring camera and the first lens in the second relay and the distance between the first and second lens in the second relay by 0.024f ~ 3.6 mm.
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Not Belgium waffles, but Holland waffles

The figure below show how to make waffle on a hex array mirror, which I think would be instructional for a class.  The red dots are actuators and black diamonds are the subapertures.  This is a Fried configuration, but with the geometry squished in one axis.

In practice, we don’t have diamond-shaped lenslets, but you can create this waffle geometry with a Hartmann mask of holes (black circles).
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3/2/04 – New Design

This new system design has been made with the Intellite system in hand.  The important changes are that the laser output is already collimated, with a diameter of 3.0 mm.  Also, the Hartmann WFS designed before did not include a reimaging lens between the CCD and the lenslet array.  With this new degree of freedom, the Hartmann spot size can be adjusted as desired.  For an interline camera, it is assumed that a large spot size (> 10 pixels) is desired. 
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Notes:  


a.  The distance between the phase modulator and the first collimating lens is variable.


b.  The position of the beamsplitter is also variable.


c.  All distances are approximately to scale.
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