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]Nano-CT - GE v|tome|x m 240
Standard Operating Procedure (SOP)
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Application
Within the phoenix v|tome|x m (known to us as the phoenix, the CT, or the Nano-CT), we have Waygate’s (formerly GE's) dual tube CT allowing submicron voxel size with the 180 kV transmission tube (180, transmission, or nano focus), or high power and micron level voxel sizes with the 240 kV (240, D, or microfocus) X-ray tube. Our new Waygate DYN41-200 high dynamic digital detector allows up to 30 fps imaging and the click & measure CT automatization functionality makes it an efficient 3D tool for scientific research. Given its dual tube configuration, detailed 3D information for an extremely wide sample range is possible: from high resolution nano CT of low absorbing samples up to high power µCT applications such as concrete core inspection.
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[bookmark: _Toc223335814]Sample Preparation
Start with preparing your sample so it is stable during scanning and will not contaminate the CT (no leakage!). Giving the sample time to settle improves stability and scan quality.
[bookmark: _Toc223335815]Log onto the TUMI computer
You will need to log into the TUMI to unlock the X-ray controls. Without logging in you cannot turn on the x-rays or move the stage other than in rotation.
[bookmark: _Toc223335816]Xray tube selection
There are 2 X-ray tubes and a total of 3 targets available. The deflection tube (240 tube) has a max kV of 240 and a minimum spot size of 6 µm. This tube works best for larger objects where resolution below 10 µm is not need. 
The transmission tube (180 tube) has a max kV of 180, and a minimum spot size of ~1 µm. This tube will be best for small objects where a higher resolution is needed, or where results with the most accurate grey values are required. This tube can be equipped with a tungsten target for higher power x-rays, or a molybdenum (moly) target for softer x-rays. Softer samples benefit from using softer x-rays, but the moly target is power limited and cannot achieve the higher flux the tungsten target can. 
Change tubes if necessary. When changing the tube ensure the stage is back away from the tubes. Turn the tube selector knob on the control board to the desired tube (D or T) and after the selected tube “clunks” into place, continue holding the knob position for an additional 10 seconds to allow all communications to establish with the selected tube. 
[bookmark: _Toc223335817]Tube Conditioning
If not already open, you will need the Datos control open to initiate the warmup, which is a short word for tube conditioning. Note that there should only be one version of the datos control software open at a time, even if each version has 2-3 windows open on the desktop. We want to very gradually release absorbed molecules from the vacuum exposed surface of the X-ray source, so that it does not arc and damage the tube if we go immediately to turning on the X-ray source.
Open the PmecTerm software (yellow shortcut on the desktop).
Open the WupM and FilaMon monitor windows to see the progress
Always run “Warmup” and “Filament Adjustment”, then “Centering” as necessary.
[bookmark: _Toc223335818]Datos Acquisition Software
It is recommended you close any open datos scan setup windows and reopen the software to start a new project if the software is already open. If you changed x-ray tubes you MUST restart the software before setting up your scan.
Make sure you have sufficient storage space on the CT drive to scan. 
Create a new directory for your scan in your directory on the share drive (/S) then save a new *.pca file in that directory.
Remove all filters currently in place.  (Unless, of course, you are using the same one.) 
Attach the sample holder to the chuck. Drive chuck to XS = 0 mm.
Switch X-ray ON 
Press Live-Image. 
While watching the sample inside the machine for potential collisions, adjust both “Y” and “Z” axis.  Never move the sample near the tube (or detector if you have a large sample) without watching inside the machine for potential collisions. It’s best to move it close without a collision while watching the sample then move it away from a potential collision while watching the live image. If your sample is not contained in a cylinder, make sure you watch a rotation through the window before proceeding. Again, we do not want collisions between samples and detectors or X-ray sources. Once your sample is positioned as desired on the screen you are ready to optimize settings for your scan. 
[bookmark: _Toc223335819]Setting Scan Parameters
This is an iterative process as follows:
1) Pick your initial detector timing, kV, and current.
2) Rotate the sample so that you have the most attenuating aspect. Check your histogram, draw your thresholding box to include the most attenuating part of your sample and air.
3) Adjust your kV, current, filtering, and sensitivity until the ratio is between 2 and 20, and your range is within the 200-10,000 suggestion for grayscale values.
4) Remember, generally lower kV yields better contrast, whereas a higher kV penetrates better and generates more X-rays. (Flux is proportional to the potential (kV) squared.) 
· Remember that for the tungsten targets, characteristic X-rays occur just below 60 kV and 70 kV.  Dropping from 60 to even 55 kV can half the number of X-rays.
· You can trim the detector area X and Y to minimize file size and number of projections if your sample does not fill the field of view.
· Keep the total Power ≤ Voxel Size when using the Deflection tube (240) to a minimum resolution of 6 µm.  For the transmission (180 ) tube refer to the table in the display stand near the CT.
· Check Histogram at S = 1: low value > 200, max. value < 10,000.
· Ratio (r) is the histogram high value ÷ low value. Ratio should be between 2-20.
· If ratio is too high (certainly >20, but even more than 5) add filters to remove low energy X-rays. This will remove high energy X-rays as well but can result in higher scan quality.
· If the background grey value is low enough (<< 10,000) switch sensitivity to S = 2 to create more greyscale values for better post processing.  Current software allows fractional sensitivity values for highly attenuating materials.
All your scan settings should be decided on and applied before moving onto the next step.
Save your .pca file and ensure your acquire position is saved.
[bookmark: _Toc223335820]Detector Calibration
Activate OFFSET/GAIN, Auto|sco, Detector shift, and leave pixel Correction on by checking the icon boxes. If boxes do not check, go to S = 1, resave the *.pca file, then back to original sensitivity and check boxes. 
Move your sample completely out of the X-ray cone (no sign of sample at 2016x2016). Usually, we do this by changing X to 150mm, or lowering the sample out of the path using Y. But for larger samples you may need to bring the sample closer to the X-ray source so as to move the sample completely out of the beam.
Switch X-ray OFF. Draw a thresholding box perhaps 3x3 xm close to center, but in the upper left quadrant. Your histogram will typically appear Gaussian, and will gradually move towards zero.  Wait for the histogram become single sided (half of the original Gaussian)  or to drop below 10 counts.  (Note that if the detector calibration is way off, it may not drop to these values.  If so, wait for graininess in the display, and proceed.) 
You are now ready to perform a multipoint calibration. If scanning conditions don’t match multipoint calibration set up, right click → default parameters. 
There will be an initial message of “I need X-ray control” – Select: “allow”.
There will be a final message of “I will turn off the X-rays in 7 seconds unless you tell me not to” –Select “cancel” to keep x-rays on and continue working.

[bookmark: _Toc223335821]Set your projections
Turn the x-rays back on if the machine shut them off.
Select live view, the software may turn this off after calibration.
Move your sample back to the acquire position (with the software button, or by changing the X-axis back to 0 if you moved this to 150, or raising sample if you lowered Y). Watch for potential collisions.
Calculate and enter desired number of projections: 1.2 to 1.5 times the width of your sample image in pixels.
Resave the *.pca file. Repeat above for all *.pca files prior to starting a batch scan. You can reuse your detector calibration if you do not change any x-ray settings or exposure time.
Now Start CT.  Wait until “collecting image 005 of xxxx” before leaving the CT.
[bookmark: _Toc223335822]Cleaning Up
After scanning and initial reconstruction, please move your data from the RAID drive to free space for other users to scan. No user data older than 21 days (with the exception of sample *.pca files) should be on any reconstruction drive.
Before leaving make sure that the lab area remains clean and available for other users to prepare, mount and scan samples.
If samples are left unattended in the lab, please use a yellow sample form to identify ownership and return date/time. 
If you have any issues during operation, please notify staff ASAP.
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