[bookmark: _GoBack]WAVE operation

Open P-10 bottle (wait 1 h)

Open gate valve:
· Do not open while beam is on
· Only open after venting chamber
· Procedure:
· Click pump (chamber)
· Open valve right away (right click in lower corner of INCA window, say valve open)
· If valve has only been closed for couple of minutes (while chamber pumped):
· Turn beam off
· Open valve (Column pressure goes up - suggests wave is leaky)
· If valve status is displayed as unknown: vent, close INCA, turn off Wave box, turn back on, now the valve should be open (can be seen in chamber view)

ENERGY (not WAVE):

Settings (microscope & Spectrum conditions):
· Aim for beam current of ~10 nA (here: 14.8 nA at BI = 20.01, Depth mode; preset high current, hard to focus!)
· Aim for dead time of ~40% for EDS detector (retracted) at process time 3. Increase BI (here: 20.08)

· Detector calibration (every time you use wave):
· Go to Fe-bearing sample (e.g., FeO, Fe metal; high peak)
· Wave: Options: Wave Options: Spectrometer direct control
· Detectors: Set element to iron, click Calibrate
=> Detector calibration is good for a couple of days

· """Below: Not done in 2nd training, because we knew what elements were present"""
· For unknowns of unknown compositions:
· Confirm elements:
· Go to unknown & collect EDS spectrum (?)
=> See what elements are present
· Scan over all peaks with wave to resolve & ID interfering peaks and to evaluate background
· Shift + click & drag with mouse over peak
· Click button with wave symbol (shows: slit size, slit positions, scan speed)
Ignore slit positions, that gets adjusted elsewhere.
· Open slit completely at first (lets in most signal)
· To resolve overlapping peaks: Smaller slit size and slower scan speed (e.g., slit 2.5 -> 0.5)
· During scan speed, some element bubbles may pop up: This does not mean the software had identified a peak. It infers from EDS spectrum that there may be lower level lines)
· For the low intensity peaks: Use higher BI (max 20.99, 83 nA)
· Scale the peak scan to EDS spectrum (right click on peak, click scale display at cursor)


Now this was done:
· Line table: Saving peak positions and sizes for analysis protocol
· For each analysis protocol, set up a new line table
· Options: Wave options: line table editor
· Give new name (e.g., 'Hibonite')
· For each element, check and adjust slit sizes (e.g., for hibonite: Al 0.36 -> 2, Ca 0.45 -> 2, Mg & Ti: smaller (factory settings?), Zr: 0.4
· In general:
· Slit sizes: Large peak = large slit sizes (more signal), small peak = smaller slit size 
· (improve resolution/detection limit)
· Window in MCA PHP: rarely modified, only if a higher order peak may
· interfere)
· Motor control: Usually don't touch this
All elements (Mg, Si, Al, Fe, Ca, Cr, Ti) already had an entry for slit position, so I just confirmed slit sizes (2 for Mg, Si, Fe, smaller for others). Apply. Ok.
· Optimize slit positions: Always or(?) if elements to be quantified don't have optimized slit positions (i.e., entry of 0 in slit positions in Wave Line Table)
· Go to standard rich in that element (e.g., Mn: Mn-hortonolite, E5)
· Options: Wave options: Wave direct control
· MCA PHD: Select element (e.g., Mn)
· Peak search on element, click peak search
=> Finds slit position
· If you see a peak: Save (this updates entry in wave line table) and move on
If you don't see a peak: Save and repeat until peak is recognizable
Peaks are broad for those elements where a large slit size has been chosen, others should have nice peak
· Also updates peak positions
· Repeat this for all WDS elements and their standards

· General notes:
· Above Al: Use FPC & SPC
· Below Al: Use FPC only
· Slit positions for Fe preset from engineers
· Software crashed while trying to switch crystal. Instead of rebooting computer: Close INCA. Open Tidy Up. Tidy Up. Resets detectors. Closes Gate Valve. Turn beam off to re-open gate valve.
· For mapping: Mag > 2000 x
· High mag for spot analysis (~20 kx). We can't get there in this mode (only 5kx). We use spot mode today instead
· When selecting background positions: try to be equidistant. But: software takes relative distances into account (lever rule)

· Microscope setup:
· Monitor current in Faraday cup
· Click measure button

Standardize
· Collect spectra for standards:
· Measure standards: Standardize: 
· Sample: Rename (e.g., standards_olivine_new)
· Choose elements: Choose all elements to be measured by WDS
· Move to standard
· Standards setup: 
select the element to be standardized with that standard
add/edit standard, add/edit composition
Choose measurement times for peaks and backgrounds (bgd 1/2 of peak time, for low abundances equal times)
Uncheck peak search for each
· Check current again
· Measure standards (will collect spectra for each standard):
Low energy peaks first (get blocked most by carbon build up) - sort in descending order
Start collection, move to next standards when prompted
· Check current on FC again (shall not change by more than 1%)
· Analyze
Scan elements: select elements
Measure elements: Measure setup
Define analysis times for peaks and backgrounds 
(Ca & Al: 20 + 10 s, Ti, Mg: 60 + 30 s, Zr: 180 + 180 s)
At this point, elements like Zr can be unchecked and measured later with a higher current
Go to unknown and click start

WDS: Standards similar to mineral of interest
EDS: oxide standards

EDS & WDS:

Standardization for EDS:
In Energy:
· Microscope Setup: Aim for a deadtime of 45% (process time 3 or 4)
(on Co, we had an absorption current of 15 nA)
· Acquire spectrum: set measurement time to 50 s (for beam intensity measurement on Co)
· Analyzer: Quant optimization: Start (collects a 50 s spectrum)
Click 'Measure element'
· Find oxide standards in standard blocks
· Acquire spectra on standards (start)
· Standardize: Select element (e.g., Si)
Highlight
Select Line
· Back to Co
· Quant optimization: Start
If new measurement is less than 99% or more than 101%: repeat

EDS & WDS (day 2):
-> Setting this up after all WDS and EDS standard data has been collected (see instructions above)

Energy (most of this set up is done in enegy): 
· New sample
· Quant optimization 
Go to Co sample
Measure spectrum
Afterwards: click measure element
Go to FC 
Measure beam (displays value as percentage from previous
Associate
Choose: Element optimization for ED & WD (sets it up for only measuring the Co spectrum to assess beam stability) - could also set it up to do FC measurement instead
· New sample: Tell which elements are to be measured by WDS
· Acquisition setup: 
select elements Ca, Cr, Mn, times (60+30)
click descending order (C build up)
Check: Always acquire backgrounds
· Acquire spectra:
livetime 200s (for EDS, adjust so it collects the entire time it's doing WDS)
Start (process time 3 for major elements is fine)
· Quant setup
Configure 
You can force software to use ED data for WDS elements for comparison 



Other notes:
· Cannot easily badge export list of quant results with uncertainties in INCA
· But: Can batch export results table with sigma for peak areas and peak areas > use to calculate uncertainties
· 

Automate a line of analyses:
To find out where you can place a line without moving the stage, collect a map. Where the signal is high, is where the focal band is
Mapping:
· New site
collect image
· Smart map setup
collect a WD map Fe
Fixed duration (1000 frames)
Start map
· Point & ID
acq setup, select Cr, Ca and Mn for WDS (60+30 s, for Ol)
· acquire spectra
line of points button


Automation:
· Automate
· New File
· Automate
· type in name, e.g., "WD macro"
· press record button
· Analyzer
· Acquisition setup
Cr, Ca, Mn for Ol 
Times: 30s, 15 s (probably too fast)
(NOW YOU CAN TURN BACKGROUND COLLECTION OFF, use other background data)
· acquire spectra: livetime 60 s
· start (adds this to recorded task)
· rename
· create a new task
· save
· new macro
· name : "Line of points"
· right click on site of interest, line
· move stage to first point etc
· right click on line
· regular 
· 10 pts
· set mag to 100,000x
· right click on site o l
· add data task
· can add beam measurement (it knows the position where this was last done)
Not recorded:
· Analyzer
· Quant optimization
Beam measurement on Co
Current on FC
associate
· Automate
· uncheck restore column conditions
· go to 100,000x mag on tescan
· data saved directly to hard drive
· file: top most project


Automate: collect points in different locations
· new : 'My analyses'
· record
· point & ID
fo to mag on tesc
collect image
· acq setup: collect elements, add times
· make sure the right line table is selected
· put spot in center
· move stage, add new site of interest
· stop recording



WAVE operaton
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