Undergraduate Optical Trap

Alignment Guide “for Dummies”

SAFETY:

During alignment and assembly the beam will be launched in various directions in free space.  Being invisible to the naked eye makes this laser dangerous, so be aware at all times whether the beam is on or off, and make sure others working near you are aware as well.  Appropriate safety eyewear is essential at all times.
General roadmap:

1) Start with trapping laser path: collimate and mount laser; align beam at a constant height, parallel to plane of breadboard.

2) Add steering mirrors M1 and M2, dichroic (D1), and 45-deg. mirror (M45) aiming beam through middle of both the objective (OBJ) and condenser (CD) mount openings

3) Add beam-expander (LE1, LE2).

4) Mount objective (OBJ), condenser (CD), tube lens (TL) and camera (CCD)

5) Add stage, put in a test slide, and center trap location relative to image (X-Y plane); and co-planar with image plane (Z).  Tweezers should be able to trap beads at this point.

6) Collimate trap beam as it exits the condenser, then mount QPD detector branch and adjust beam focus on QPD surface.

7) Center beam on the QPD with nothing trapped, then check alignment with trapped bead.

Notes on techniques:
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Use the photos on the OT wiki as a guide (www.openwetware.org/wiki/Optical_Trap:Optical_Layout), as well the figure below.

2) The IR laser should be observed using an IR-capable viewer such as the Find-R-Scope from FJW.

3) For clarity, I will refer to the axes on the breadboard as follows: with board positioned such that main post is nearest to builder and on left side, left-to-right axis is X (right-edge positive), front-to-rear axis is Y (farthest-edge positive)
4) Use hand-drawn grid layout as guide: main support post, 45-deg. mirror (M45) and stage support post should be where marked, other component placement is approximate

5) Translational adjustment of mirrors/lenses is done by clamping an extra mounting base (BA1) to breadboard, and sliding the BA2 mount to which optic is attached along it.  -- Beam should be centered/aligned as well as possible using such translation, then fine-adjusted w/ tilt/rotation screws

Detailed Notes:
1) Assemble laser driver & driver board, power them on, use the Laser Power Meter LabVIEW VI to adjust output power to approx. 50mW

2) Assemble laser with its mount and collimation lens (LL); aim beam across the room at a wall at least 5m away, and adjust LL-laser distance until spot is minimal in size (it’s highly useful to have two people do this part with one watching the spot size, other adjusts LL)
3) Set height of laser mount to LL at 90-100mm off the board, then make a height alignment jig (a “helping hand” holding a short piece of wire works well) that can be used to test beam/component heights down the line
4) Mount first steering mirror (M1): use height jig to set height, then use two irises (heights set w/ height jig) to align beam parallel to board plane and along the screw-hole grid.

5) Mount second steering mirror (M2), do same alignment.  Beam path likely won’t fall exactly on the grid, however keep it as parallel to it as possible.

6) At this point, add the main large support post with the brackets to hold OBJ and CD and their vertical micro-positioners.  The brackets are easily aligned to each other by sliding both onto the post, and laying the post down such that the edges of the brackets lie flat on the breadboard, then tightening the mounting screws.   Make sure both positioners are set near the middle of their travel range, and the initial distance between the top of the objective bracket and the bottom of the condenser bracket is ≈75mm.  The top of the objective bracket should end up at a height of ≈120mm off the breadboard.

7) The two circular bracket openings now provide a beam target;  it’s helpful to make a “bulls-eye” alignment aid (paper works fine) for centering the beam.
8) Add the dichroic (D1) and M45.  Attach BA1s to breadboard to allow X-axis translation of D1, and Y-axis translation of M45.  Combined with rotational (theta) adjustments of the post holding M45, which controls beam tilt (“verticality”), these two translations will allow proper centering and orientation of the beam through the OBJ and CD mounts.  

9) Add beam expander. Placing 100mm lens (LE2) first, and adjust its position to keep good beam centering through circles, then add 60mm lens  (LE1), likewise adjusting for proper centering.  Distance between lenses should be 160mm.

The trapping beam path is now mostly complete.  The next steps are to complete the main light microscope, add the stage, and put a sample into the trap to test imaging and trapping.

10) Mount the objective and condenser on their brackets, add the tube lens (TL), camera (CCD), and camera mirror (MC), then position a white light source above the condenser.  Distance from TL to the CCD plane should be 200mm, other distances are less critical.  
11) Mount the stage (with or without picomotors, doesn’t matter at this point), and attach the slide supports and clips.

12) Disable the trapping laser. Using a test pattern slide, such as a Ronchi ruling, adjust the focus (mainly with the objective-mount micrometer, but the stage can also be moved at this point) until you form an image; project it first onto a card at the plane of the TL, and find the approximate image center – this will help coarse-position the TL laterally, then rotate the MC post to center the image on the CCD.  
13) Now, enable the laser.  Assuming decent alignments, enabling the laser you should see it on the CCD – if not, adjust the MC and {{{}}} until you find it, and center it in the camera image.  Now insert the KG filter, to block the laser light from reaching the CCD during imaging.

14) Prepare a medium-dilute floating beads sample slide – 1:50k of the stock should work.  Load it into the microscope and see whether it’s trapping beads.  It’s likely that the beads will trap out of the image plane (bead poorly focused when trapped).  Place a BA1 as a rail next to to LE1, and carefully adjust its axial position to bring the trapped bead to the image plane.
Congratulations – you now have a working optical tweezers, with video observation.  The last part that remains is to install and align the detection branch to enable quantitative measurement.

15) Adjust the CD height using its micrometer to collimate the IR trapping beam emerging from the top of the condenser.  This will put the bottom of the CD approx. 3-4mm above the sample slide.  From this point forward, once this is correctly set, you should not need to adjust the condenser or stage heights, and only the OBJ-height micrometer should be used for focusing and slide loading/unloading.

16) Mount the cage cube with rods, dichroic (DQ), QPD lens (LQ), and QPD.  Close down the condenser iris, and by adjusting the dichroic DQ angle, as well as sliding the QPD along the rods, form a sharp image of the iris aperture on the QPD surface (as close to centered as possible).  
17) Open the iris again, and connect the QPD board outputs to an oscilloscope in X-Y mode (or to the QPD alignment tester VI).  Use the QPD X-Y mount to center the spot position.  If this spot is out of range impossible, adjust X-Y controls of LE1 until centering is achieved.
