Procedures for Analysis with Nikon LV-100 Microscope and Software

I. Turning on the Microscope and Camera.
1. Turn on the Digital Sight Camera. Let it stop blinking and turn solid green. Camera must be turned on first or the software will not be able to find devices.

2. Turn on the Prior ProScan II stage controller.

3. Turn on the microscope light power on the back of the scope.

II. Set up the microscope for BF/DF Reflectance.

This procedure will ensure that the mechanical settings for contrast are always reproduced, and is best if the samples are of a standard type that always have the same reflectivity.
1. The epi/dia switch should be pushed in to power the reflectance light source.

2. Turn the reflectance light power up to full.

3. Set the selector knob to BF (bright field).

4. Manually rotate in the 5x objective.

5. Pull out the slider for the LV-TT2 beam splitter to send 80% of the light to the camera and 20% to the eyepieces.

6. The F.Stop and A.Stop should be fully out (pushed up).
7. Neutral Density Filter ND4 should be pushed in to the right to the first click (sticking out the farthest on the left).

8. Neutral Density Filter ND11 should be pushed in to the right to the third click (sticking out the least on the left).

9. In DF, the ND filters should be out of the way, the lamp turned all the way up, and the selector knob on DF.

III. Starting up the Software NIS-Elements AR 3.0

1. Double click on the NIS-Elements icon. The stage will execute an initialization motion sequence for a few seconds and stop.
2. Minimize the window, then stretch it across both of the monitors.
IV. Sample positioning.

1. There will be a fixture that places the sample at the appropriate high and X-Y coordinate position you will have fabricated. Place the sample there.
2. Move the stage with the joystick until the light from the objective can be seen on the sample somewhere in its center. The left button takes you through coarse, medium, fine stage X-Y movement.

3. Look through the eyepieces and manually focus on the sample using the knob to the right of the joystick. The right button takes you through coarse, medium, fine Z movement.
V. Contrast Settings in NIS-Elements.

1. Click on the PLAY button to bring up a Live-Fast image. It should be nearly in focus. Do not turn the focus knob.

2. On the LUTs tab, rightmost, click the red X (reset contrast). This setting uses the full range of intensity levels to form the image.
3. Under Camera Setting, rightmost, click on Auto Exposure. It should read about 2 ms (but you can change it by the drop down tab or just typing in a number).

4. Repeat 2 & 3 a second time.

5. On the top of the screen, hit the 5x button, and the RBF button so they are highlighted.

6. Now, focus on the sample looking at the Live – Fast Image.
7. Repeat 2 & 3 again.

8. On the blue bar at the top of the screen, right click, and hit save configuration (this save all the settings for the 5x RBF combination). If this is a standard sample type, and the 2 ms exposure time (or whatever has been previously used for this sample type) is not reproduced each time, it means something about the sample, microscope, or light source has changed!
VI. Single Image Capture & Setting up an Auto Capture Folder for Series
Note – you may want to set up a background correction for image capture to correct for imperfectly uniform illumination.  See the later section on it.
If you do not want your images to be automatically named and stored, just click on the regular camera button. Then File > Save to any name, image type, and store it in any location you want.
If you are expecting to scan around the sample collecting multiple images manually, or, are going to set up an ND Acquisition run, you will want to set up an Auto Capture folder, where the images you collect will be stored and also automatically named.

1. If the Auto Capture Folder is not visible under the center division, right-click on the center division, choose Acquisition Controls > Auto Capture Folder. This will bring it up, but, if it was available, will close it.
2. On the side of the screen is an icon that looks like a crossed wrench & hammer, called General Options. Click it.

3. Within General Options, Click Save Next.

4. Within Save Next, you specify the directory, filename start Prefix, file format (always set this to .tiff for no compression), set Compression to None, set the number to begin numbering at with Next File. So if your prefix is 11-30-09 and your Next File is 0, the next image you capture will be 11-30-09 0000.tif, and the next will be 11-30-09 0001.tif, etc…Choose also Skip Already Existing Files so you do not overwrite data you collected, it will rename accordingly.
5. Click Okay.

6. The Auto Capture Folder Name now appears under the central divider.
7. To capture images that get dumped into Auto Capture Folder, hit the camera button with the little + sign in the corner each time (Auto Capture). The image shows up displayed as a thumbnail at the bottom to look at later. Scan around adjusting the Camera Setting, LUT’s and focus as needed.
8. On your images you may wish to add a scale bar. On the live image, make sure you have the 5x,10x,20x,50x,100x software button set to the true mag, or, the scale bar is wrong. Hit 1:1. Then hit the scale bar button on the image.
9. Hit Control-Z or (full size RGB in edit) to get an RGB copy. Hit 1:1, save the image.
VII. Collection of an ND Image (an automated collected array) for Analysis.

This procedure will allow one to capture an array of images (called ND’s), all of which are saved in a single file with extension .nd2. Any number of the collected images in the array can then be analyzed.

Make sure that the computer and monitor power settings are disabled (set to never) on the Windows control panel, and the screen saver is disabled if the ND scan is going to be a long one. The system just halts and freezes during the scan, otherwise.
Set up the contrast conditions, steps I – V. 
Next, you will have to set up an ND Acquisition recipe, telling where and in what order the images are to be collected on the sample.
1. On the rightmost side of the screen is a tab called ND Acqusition.

2. Select Save to file, and set the location for where the ND image is to be saved.
3. Associated with that folder is the file name which can be typed in, but is also numbered automatically based on the series the code detects are already in the folder, if you do not type anything.
4. Select X-Y Pos and deselect the other options.

5. If there are X-Y point entries in the table below, hit Select All (the green check) and then clear all (the X with a little piece of paper).

6. On the leftmost side of the screen is a little icon called Large Scan (it looks like a crosshatch). Hit that. A Live – Fast image is initiated, and a window pops up called FOV Grids to ND Experiment.
7. Within the window, hit clear all. Select the Grid Order to the Z shaped pattern. Set the FOV Overlap Percentage to Zero. Do not select Split Multipoints or Perform Large Area Stitching. The Base Directory is not used. Set Current FOV to Top Left. Select Reverse X Direction and Reverse Y Direction. For a 1x1 inch sample, use the arrows to increase the total grid size to 11 in the X direction and 15 in the Y directions.

8. In the blue area of FOV grids, some boxes will be grey. Make them blue by clicking on them. In the top left corner, click until that rectangle is blue with a white border.

9. Move the sample until the border of it that is closest to the microscope stand fills the top edge of the Live – Fast image. Focus on it. That is the top. Then move the stage until the top left of the sample is seen in Live – Fast. Then in FOV Grids, hit Set Position. The code will then remember that as the first position.
10. Now hit in FOV Grids, Generate ND Experiment. The table in ND Acqusition is then populated with the points to be collected. (Question to Nikon – this procedure was written for 5x mag. What if the mag is higher – does it know this and the stage moves in smaller increments?)
11. In ND Acquisition, hit Advanced. Clear the text in Execute Before Capture and deselect Execute Eefore Capture (or, leave Large Scan window open and leave it).
12. Set Autofocus to Steps in Range and hit Define. Set the Steps to 1.5 um, and the range to 10 um. Hit OK.
13. Under ND Acquisition, hit Save, New, and name the recipe. It will be remembered, and this procedure does not have to be repeated for the same sample type. (Question – where is the recipe saved?)
14. You may hit Load now or in the future, of any recipe you want to run.
15. Close the FOV grids window.
16. Move the sample close to where the scan will begin, and carefully manually focus. Then move the sample back to its starting point. You can have the stage automatically move to the point you want to focus on by clicking on the point name in the ND Acquistion Table, focus, then hit the first point in the table to get the stage back to the exact expected starting position.
17. Reload the recipe.
18. Hit Run Now under ND Acquisition.
19. The collection will begin. The .nd2 image will be displayed. Hit the tiles button in the image. A tiled image of all the parts of the image will be shown. Resize the window until the tiles are arranged to look like a cut-up image of the actual sample.
20. IF THE TILED IMAGE LOOKS TILTED: Hit abort, throw out the data. Completely close the program. Restart it. Reset the contrast, refocus, reload the recipe, and start the scan again. If necessary, reboot the computer (this is a software bug and this seems to be the only way to fix it). Do not let the entire scan progress without checking this. Also, if you pull up a previously stored ND imaged that was just fine in the past, shutdown the code and restart, or restart the computer until it looks square again (Leaving the Large Area Scan window open solves this).
21. When the scan is finished, the mouse pointer will be a pointer again, the bar under experiment set up will be fully green.
VIII. Particle Analysis of Single and ND Images.

Single Image:
1. Open a single image you want to analyze.

2. Within the image, hit the resent contrast button to use the full intensity range in the image.
3. Within the image, hit the fit-to-screen button to see the whole image.
4. Go to the Object Count folder on the center division (if it is not there, right click on division, Analysis Controls > Object Count to open it).
5. Under intensity are two bars superimposed on the histogram, and arrows to the right at the left. Move the low bar to zero by clicking on the left arrow. Click on the high bar and move it until the defects of interest are highlighted red in your image. This will usually be right on the very left edge of the histogram peak right where it is becoming non-zero. This is called thresholding.
6. You will now see red spots in the image, some highlighted by green borders. The green ones are the ones being counted. The object count in is the big, black number all the way to the right in the Result window.
7. Now you will set the restrictions for which objects are and are not counted. For now, we have been just using Area (it is important to set the magnification button to the same value for which the image was collected ( I think ). Right click in the restrictions box, and select which ones you want to display. The ones that are used for counting are checked. Highlight the one you want to set the max and min values for. Set them to what you think your needs are. The restrictions also have slider bars on its defect count histogram you can set. Everything counted is green.
8. Once you have set up the threshold and restrictions, you can save this set-up to apply to other images. Hit the down arrow next to the disk in the Object Count window, save the settings with a name. Each time you open a new image, load these settings. Sometimes you need to reset the limits on the restrictions to capture object sizes that were not on previous images. It is best to have Object Count recipes set up for a bunch of standard reflectivity substrates.
9. To write the data to a file, on Export, hit the down arrow, pick file location, and specify the location of the folder, its name and the file type. We have been using Raw Data to File which writes it as a text file. When you then hit Export, it will continually add data to that file for each additional image you analyze!!

10. You need to make sure that the correct magnification is set on the upper window bar of the code (5x, 10x, 20x, 50x 100x) or the particle sizes will come out wrong in the histogram files !!!
11. Make sure there is no scale bar set on any image you analyze or the scale bar will be counted as a defect.
ND Image Array:

1. Open an ND Image and hit the tile button within it. Resize the image until you can see all the tiles in the proper arrangement.
2. Control-Click to select all the images within the tiles you want to analyze. They will turn blue-bordered as you do this.
3. You then right-click on any of the blue images, and automatically all those you have selected are dumped into a separate image window.

4. Double click on one of these images and it will open in its own window. This one is used to set the Object Count settings and thresholding that will be applied to all the other images.

5. Load a previously created defect count recipe (threshold and restrictions). You may want to close this image and open other ones (from the images containing the pictures you selected) to test whether the recipe will count all the defects.

6. On the Export Button down-arrow, set the file location and name for the data file. Pick the file type as the formatted data file with the plus sign.
7. Hit the ND button, pick Selection, and all the selected blue images will be analyzed with this thresholding and restriction settings. All the data is dumped into a textfile you can analyze in Excel.
IX. Background Correction.

This procedure will correct for non-uniform illumination and will be applied to every image captrued (single, autocaptured, ND, etc…). This will help with thresholding for particle analysis!
If its going to be used, it must be done at the start of each session, or if the microscope is shut off, etc.

1. Go to the live image frame, and hit the “full field” button so you can see the entire image in the window. Focus.
2. Take the focus motor out off the stage, and defocus, moving the stage farther away from the objective manually until there is no discernable in the live image.
3. Got to Acquire > Background Correction > Capture Correction Image. Select multiplicative, do not select spline. It lets you capture several images to average for this. Take 3-5 moving the stage around to a new position for each one, hitting next between.

4. Hit Finish, and the Shading Image, the average of the images you took, is created.

5. Go to Acquire > Background Correction and verify that Background Correction has been automatically turned on.

6. Leave the shading image open, but minimize it (if you close it, the background correction will not be applied!).

7. Put the motor back in and refocus.

8. Now all captured images will be background corrected.
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