PEEM-3 User Instruction Manual
Updated by Pupa Gilbert on 3/23/2014
Click on the shortcut menu here to directly go to a specific location in this manual.
Shortcuts:
a. Sample preparation
b. Sample orientation
c. Changing samples, transfer failure
d. Obtaining an image
     Straight-imaging mode, 2013
e. Adjusting the tilt, end-of-range limit
f. Slits
g. Tuning M101
h. Acquisition time
i. KB mirrors
j. Shutter
k. Changing Gratings
l. PIC-Stacks data taking
m. PIC Stack data processing 
m.1. Align
m.2. Normalize to Izero
m.3. Div mapping
m.4. ROI Manager
m.5. PIC-mapping off- and on-peakn. Attenuating flux

To quit a program on a PC, move the mouse to the bottom gray bar, right click on it, and select “Task Manager”, select the program (e.g. IDL) then “End Task”.
a. Sample preparation
Samples can be a maximum diameter of 23 mm and a maximum thickness of 3 mm.
b. Sample orientation
When mounting samples, make sure that the circular hole in the side of the square cap goes towards the spiral screw (down, in PEEM). This is no longer needed, the hole can go in any direction.
Make the sample look like an upside-down lollipop, sample (candy) is down, and transferring handle (stick) hooked to it is up: now the sample surface is oriented exactly as it will be in PEEM images on screen, and during all sample motions in Preview during normal Lens Setup Straight Imaging. The orientation in the large FOV is inverted.   
c. Changing samples
Insert samples in Dock 1 or Dock 2 or Dock 3. As of March 2011 all three docks work well.
Dock 1 is the one closest to PEEM, Dock 3 is the farthest.

Mount samples on the “handle&key” object.

To secure a sample on the “handle&key”, take the coaxial “key” out, penetrate the hole in the samples, then press the key in. When handling the sample, make sure you keep the key pressed in. 

Let the sample rest on the Al platform while climbing up the stairs. 

To get the sample in Dock 1 or 2 or 3, place it in the correct position, then rotate the key clockwise ¾ of a turn. You will feel the sample going down, and clicking. The click indicates that the sample is secure. Lift the key, and remove the handle and key.
To get a sample in or out of Dock 3 go to PEEM3 Mechanical(Sample Transfer Tab(on top left, in the Load Lock Positions box, click on LL3, so the LL3 is bright green.

LL1 is good to put/take samples in/out of both Dock 1 and Dock 2.

Go to the beamline monitor, in the gray “Loadlock Chamber” box, click on the word Vented and select “pump”, this will make it read Pumped
For transfers, LoadLock chamber pressure must be <4(10-7 Torr
and sample transfer chamber (SAMPLE XFER) <1.5(10-7 Torr
Lens Setup(Sample Voltage(ZERO

Check on the HV power supply that the Voltage is really 0, and manually switch the power supply off.

On the beamline monitor

Select tab ES1, Close VVR112 (this is the valve between the PEEM chamber and the beamline, and it is a good idea to keep it closed when transferring samples, and when sleeping).

On the middle computer monitor and keyboard

Hit “Scroll Lock” twice to switch to the other computer

Log in as PEEM. Password beam-er3.

PEEM3 Mechanical

Transfer drop-down menu: 
Dock 1 to PEEM





Dock 2 to PEEM

 



Dock 3 to PEEM





PEEM to Dock 1





PEEM to Dock 2





PEEM to Dock 3

Look at coordinates changing: x(0, y(-4700, z(800 (these changed every time they took the manipulator out and changed motors)

Follow instructions that come up on monitor.

During transfer, if the pressure in the XFER chamber is too high (>1.9(10-7 Torr) opening of VVR113 is disabled (. Wait until the pressure goes <1.5(10-7 Torr, and then open it. Waiting for 1.5(10-7 Torr rather than the set-point >1.9(10-7 Torr is a precaution, because VVR113 burps a bit while being opened.

If you are taking a sample out of PEEM, and by mistake tell it to go from PEEM to Dock 1, but you really meant Dock 2, there is no need to abort the script. It will ask you “is Dock 1 empty?”, say “no” and it will move, and ask you “is Dock 2 empty?” so you have your second chance to do this right.

If you are taking a sample out of PEEM, and putting another one in, at the end of removing sample from PEEM the program asks you:

Move load lock arm to home position? NO

You want to say no to that question. This is a shortcut, and saves you a lot of time.

If you are taking the sample out and venting the LL chamber, say YES, of course.

Once the sample is in PEEM, switch off the Luxxor lamp.
Open VVR112.

Back to shortcuts
If the automatic sample transfer script fails at inserting the key

Warning – Do not complete these steps unless you have been trained.


It is possible to break the microscope!!
----Correcting the problem and completing the transfer manually

1. Motor -> Display (MotorDisplay.vi Window)

· Group to View : “Sample Transfer” (*NOT “Sample Transfer IL”)

· Motor, select “Key Rotation”

2. Mode : Jog 3.00
· Up arrow to go up 3°
· Down arrow to go down 3° (start at 273°, then 276°, then back to 273°)
3. Now the key translation position is ok

· Bright green box will appear beneath “Insert” (Key Translation Positions) 

· Key translation -15.5mm is correct

· DIO Monitor.vi window, “Key Translation Locked” indicator is now ON (dark square symbol)


4. “Key Rotation Positions”

· Click the “Unlock” button

· Watch the sample go up

5. “PEEM Transfer Positions”

· Click “Home”

· Watch the sample go up all the way


6. “Loadlock Positions”

· Click “LL1” so the load lock arm goes all the way back

7. “DIO Monitor.vi” window

· Close VVR114 (       ->      )

· Open VVR113

· Verify that these valves were opened and closed in the PEEM schematic

· Green = open, red = closed


8. “PEEM Transfer Positions”

· Check that sample high voltage is off and that there is no sample in PEEM!

· Click “PEEM”

· Microscope transfer goes to -669 mm


9. “Key Rotation Positions”

· Click “Lock 2” 

· Key rotation angle goes to 279°
· Click “Lock 1”

· Key rotation angle goes to 273°

10. “Key Translation Position”

· Click “Retract”

· “Key Translation” goes to -7mm


11. “PEEM Transfer Position”

· Click “Appr.”

· (allows you to start imaging sooner than clicking “Home”)


12. “PEEM Manipulator”

· Click “Approach”

· Moves the sample manipulator off of the hard stop! (y-coordinate only)

· Click “Home”

· Moves the sample to (0,0,0) (all coordinates move)

13. You are now free to turn on High Voltage and begin imaging


14. “PEEM Transfer Position”

· Click “Home”

· Takes ~3 minutes, returns the Transfer arm to home position

15. “DIO Monitor.vi” window

· Close VVR113 (       ->      )
Back to shortcuts
d. Obtaining an Image
Manually switch the HV power supply on.

On left computer monitor and keyboard, go to 

PEEMControl.vi
Lens Setup(Sample Voltage 10 kV (to begin with)




Lens Mode(Straight Large FOV




Operation(Preview(start

On Middle computer monitor (Scroll Lock twice to get to IDL PEEMVision)
PEEMVision.vi
(Open Connection
On left monitor

PEEMControl.vi
(Controls(init motors

Beamline.vi

(read KB positions

Manipulator.vi
(Manipulator(read position




(Aperture(read position

Beamline.vi
 
KB(Steer KB mirrors by 0.01 steps (place cursor after the second decimal place and use the up and down arrows on keyboard).

Usually vertical steering is not necessary, just horizontal KB steering. 
Horizontal KB steering is around 0.2 (this changed after ALS orbit re-positioning, Aug. 2011.)
While doing this, on middle monitor, read intensity in a rectangular box, placed at center of large FOV image. Be ready to quickly close the Exit Aperture, because the image can get too bright quickly.
If you can’t find the beam, go to the energy of the Ca peak 1, at 352.6 eV.

Sometimes steering KB by 0.01 is too much and you pass the bright spot. Move by 0.001 in this case.
Feel free to re-init motors on PEEMControl.vi, and use the KB mirrors from there, if you prefer. Once you are close to the best KB position, this makes the job a lot faster.  



(Lens Setup(Straight Imaging (so all controls and coordinates are as usual during data-taking time, rather than inverted in the large FOV mode)

(Lens Setup(Sample Voltage(15 kV (higher is unstable, lower gives bad resolution)




(PEEM(20-µm FOV(focus image in steps of 10 first, then in 



steps of 2 or 3
April 2013: Aberration correction doesn’t work yet. Straight through imaging mode changed. 
Back to shortcuts
In January 2013, after aberration correction has been mounted, but PEEM is in straight imaging mode (still the same in March 2014)
To adjust the tilt:
Go t the “AllInOne.vi” panel

“O Proj. Quad X” (-9.7 at 12 kV) (-21.0 at 15 kV) 
(-5.2 at 18 kV)
“O Proj. Quad Y” (7.6 at 12 kV)  (10.2 at 15 kV) 
(8.9 at 18 kV)
move them up and down by 1 volt, and then adjust the tilt accordingly on the same window, “X-tilt” and “Y-tilt”. Test if the change you made is sufficient by moving O Proj. Quad X or Y again.
To do the fine tuning Andreas toggled the objective lens, then tweaked the 0.1 V setting on these quads, until, watching the live toggling image of a small object, the only motion was breathing, not lateral motion at all. We usually don’t do this. They reset the O Proj. Quad X and Y values all the time.
In March 2014, the optimized values for stigmators are:

DodeQuad 1 0° 
(-0.7at 15 kV) 
(-1.6 at 18 kV)
DodeQuad 1 45°
 (1.9 at 15 kV) (2.6 at 18 kV)
To adjust the stigmators:
Defocus the image by ~5V, so you still see features but they are blurry.

On the “AllInOne.vi” window, go to

DodeQuad 1 0° (adjusts along the directions of a + cross)

DodeQuad 1 45° (adjusts along the directions of a ( cross)

change one of them at a time, by 1V, see how the images changes and optimize. When you get close, it is hard to judge on the out-of-focus image, so go back in focus.

As you move the focus above and below the focal sweet spot, observe the stigmation. 
Easier method: snap an image, move the stigmator values up or down by 0.3V, then snap another and compare.
Back to shortcuts
e. Adjusting the tilt
This is important when imaging a new sample, or when moving far away on the same sample.

If during focusing in increments of 10 you notice image shift, rather than the normal “breathing motion” expected with focusing the objective lens focusing, then the aperture is off from its centered position. Let Andreas re-center it.

Manipulator.vi

Read intensity in a box at center of image. Move the aperture to the right by 10 µm, and back to center. If intensity increased, go to Manipulator tab, and move the X-tilt up by 2 mrad (in the yellow window).

Repeat for right, left, up and down.this is obsolete. See page 6 for adjusting the tilt
If you run into the tilt end-of-range limit (e.g. x=-19, or y=-25) you can get out of trouble. Here is what to do: the normal operating position of the manipulator is with the sample surface 2.0 mm from the objective lens. This corresponds to z=0. Move the sample away by ½ mm, z=500 (positive means farther), which puts it at 2.5 mm from the objective lens. Now you lost all light. To get the light back, 

Beamline.vi
 
KB(KB Steer Horiz.  

Move up by 0.001 steps (place cursor after the third decimal place and use the up arrow on keyboard. You must go up, not down, until you see light again. Then you have to re-focus a lot, and re-adjust the tilt.
Back to shortcuts
f. Slits
Beamline.vi

Slits have changed as of April 2010. DO NOT TOUCH horizontal and vertical slit positions. 

The entrance slit is usually at its minimum size (near 0, now it is 2.2), which gives good energy resolution. The only thing to change here is the 


Horizontal Exit Slit Size
(
100 µm is good for Pupa (100 for Ca, 500 for C)

Vertical Exit

(
150 µm is good for Pupa, for 20-µ FOV
Note: the “Horizontal Exit Slit Size” is the same thing that in PEEMContro.vi/Beamline is called “Exit Aperture”, which we move all the time between 100 µm for Ca and 500 µm for Mg and C stacks, respectively. Going above 500 is useless, and gives no flux increase.
Back to shortcuts
g. Tuning M101
This tells the feedback system which numbers to use for the optimum current on the top and bottom sides of a slit. It varies with time, and particularly with changing polarizations. It is important to Tune M101 at the beginning of each PIC Stack acquisition. For the M101 tuning to complete successfully, the Izero must be between 0.3 and 5.

h. Acquisition time
Andreas advises that it is unwise to exceed 5-10 sec exposure times, as there are some mechanical instabilities and the sample position drifts. We have used exposures up to 40 sec, with no trouble.
For movie acquisitions, Andreas advises that exposure times of 1 second may not be accurate, because the camera read-out time is 300 ms, and the shutter open or close time is 100 ms, plus there is communication time, so 1 sec is bad. Ideal for movies is 3 sec. If overexposed, close the Exit aperture width. For Ca movies usually Ex. Ap. 100 µm is fine for 3 sec exposure. 
Back to shortcuts
i. KB mirrors
In order to eliminate intensity gradients across the images and maps, it is wise to defocus the KB mirrors. Let Andreas do this. A good vertical beam size is ~35 µm and much larger horizontally. A virgin area is at least 50 µm above or below (y coordinate) the already-exposed areas.
j. Shutter
PEEMControl.vi
(File(Preferences(Shutter




The options are:




•Automatic (exposure)



•Automatic (stack)
(exposure) closes the shutter between energy data-points in a movie or PIC-stack
(stack) opens the shutter at the beginning of the stack, and closes it at the end.

The overhead time for changing polarizations is 10 sec, for changing energy is about 2-3 sec. Pupa compared Ca movies acquired in both ways, and found them indistinguishable in terms of noise. Hence it is best to use “Automatic (exposure)” to protect the sample during the overhead times.

Back to shortcuts
k. Changing Gratings
For Ca and C use LEG n=1 (n=1, 3, 5 means first, third, fifth harmonic), ALS at 1.9 GeV (remember to put Ti filter in!!!)
For Mg use MEG n=3, ALS at 1.9 GeV (remember to take Ti filter out!!!)

For Si use MEG n=5, ALS at 1.9 GeV (remember to take Ti filter out!!!)

For O use MEG n=1, ALS at 1.9 GeV (remember to take Ti filter out!!! If needed put Au foil in to attenuate intensity)

On computer beneath the beamline monitor

Beamline 11.0.1

On the bottom right, select Energy Type: “1.9 GeV n=1” or “1.9 GeV n=3” or “1.9 GeV n=5”.

Motor Display.vi

Select Motor: Mono 101 Vessel

Enter 25 and click on “Move” for LEG

Enter 0 and click on “Move” for MEG
Back to shortcuts
Taking Ca spectra

To avoid any linear dichroism effects, go to circularly polarized light. Pol 1
Define nD scan:

Dimension: 0

Motor: Photon Energy

Funny yellow window: 0

340
0.5

345
0.1

355
0.5

360

Both buttons “Series” and “M101” must be off (dark green), so the feedback works all the time and M101 is tuned manually at the beginning of each spectrum.
l. PIC-Stacks data taking
For PIC stacks, make sure that both Feedbacks are on, on beamline computer. 

These are:

Beamline 11.0.1

M101 Tab

M101 Horizontal Deflection


Feedback on
Enable FB Reset on Polarization Change



Reset on Pol Change Enabled

The EPU is well-tuned for linear polarizations 100, 110, 120……190, 

As of May 2010, it is also well-tuned for 105, 115, ….145……185.

Define nD stack

EPU Polarization

Not a series (series button is dark green)

100
5


190
Test, OK

We thus take 19 images at polarizations:

100
105
110
…….
190

these are 19 images, all well tuned, so the spectra should have no glitches. If there are glitches, they can be normalized out later using the Izero in the dat file or on a thick Pt area (neither option has been tested yet, as of March 2011.)
Back to shortcuts
m. PIC Stack data processing 
m.1. Align
On right computer monitor and keyboard, open PEEMVision, IDL

Load all images in the above stack. 
•Deselect: 
( Image only




( Use ROI

( Multiple ROI

•Draw a small box around a small object with high contrast

•Stack Procs(Align 

This aligns all images in stack based on that small box. A larger box will include too much of the background grid on the detector, and generate a sharp signal in the FFT, which will win, thus nothing will be aligned.

•Save into a new folder, called “...XXa”. Make sure that the filenames end with “…xxa.p3b”. default is tif, but then the images are not readable tifs, for some funny reason.
For additional accuracy:

•Image Procs -> Rebin



X-Factor 2



Y-Factor 2




( Expand    this expands the image (4x) interpolating the in-between pixels, thus alignment is accurate to 1 pixel, which is now ½ the size in either direction.
•Draw a small box around a small object with high contrast

•Stack Procs(Align 
•Image Procs -> Rebin



X-Factor 2



Y-Factor 2




( Expand     this will re-bin the image to the original size
•Save into a new folder, called “...XXe2ab2”. Make sure that the filenames end with “…xxa.p3b”. default is tif, but then the images are not readable tifs, for some funny reason.
To estimate if a stack needs alignment, or further alignment, draw a box around an object in the image, zoom in with the magnifying glass button, and then press the 1:1 button. This equalizes the xy dimensions, in case your box was not a square.

Back to shortcuts
m.2. Normalize to Izero
•Make sure that ROI is selected:


( Image only




( Use ROI

( Multiple ROI
•Draw a box in an epoxy area.
•Image Procs(“Normalize to Average”
This normalizes all images in the stack to the intensity (at each polarization) averaged over the whole box. It takes out any glitches. It also (unfortunately!) converts the images to floating point data, varying from -∞ to +∞, thus all displayed images afterwards could be messy.
Keep working in floating point, though, because it is quantitatively more accurate.
Back to shortcuts
m.3. Div mapping
To divide all images in a stack by an image (e.g. the one at pol. 190), first duplicate that image, then divide the whole stack by it.
• Select Image only:



( Image only




( Use ROI

( Multiple ROI

• In the stack, move the cursor so you have the desired image displayed (pol. 190)
• Edit(Duplicate
• Immediately deselect ( Image only and proceed to Div mapping.

To do Div mapping after normalizing to average Izero (as above):


Select 1st


Operand 


“Stack name….”

“Dupl….”


this is the numerator

denominator


(( User Offset

Offset 
32768
 (½ of a 16-bit integer)

  Add 
  Sub
 Mul
Div     Asym

The above is not really an offset, as it would be if we were adding or subtracting images, but a scaling factor for Div or Mul images, and the choice of 32768 is optimized to re-convert to 16-bit images.

Then re-convert all images to 16 bit, by doing: Edit(Covert(16 bit
This cuts off all values too bright or too dark, and makes image display better.
Conversion to 16 bit should be the last step, so all math (normal. to Izero and Div mapping) is done in floating point, which is quantitatively more accurate. 
m.4. ROI Manager
Selecting Multiple ROIs:



( Image only




( Use ROI

( Multiple ROI
In the ROI Manager window, Add several ROIs drawn on the stack, add one at a time.

As long as the ( Multiple ROI is checked, those are the ones from which all spectra are extracted. This is very useful for repeated acquisitions, or from PIC Stacks to Ca movies and vice versa.

As long as ( Multiple ROI is unchecked, the regions in the ROI Manager are completely ignored, so it is safe to keep the ROIs selected while doing other things, e.g. align, normalize to average, or Div mapping.
Back to shortcuts
m.5. PIC-mapping off- and on-peak
When acquiring PIC-maps pre- and on-peak, e.g. at 528 eV, then at 533.1 eV (Dim 1) at each polarization (Dim 0), you need to sort the image sin PEEMVision. This is how you do it:

· Load the 38-image stack (e.g. Hr149)

· Make sure “Use ROI” is selected and all other options in bottom-right hand corner are deselected

· Stack Procs -> Align, after selecting a small, bright spot as the ROI

· Save as Hr149A, A for aligned

· Go to Stack Procs -> Sort; Enter 2 as the number of elements

· At bottom-left, select “Sort” radio button 

· Click the “Sort” rectangular button

· This will create two separate stacks called 0xx & 1xx. The 0xx contains all of the images acquired at 528 eV. The 1xx contains all those at 533.1 eV. 

· Go to Window -> Operations. Make sure that 1xx is on the left and 0xx is on the right (they are by default, if you acquired 528 off-peak first). 

· Change the Offset to 20,000 NOT the default 32,000 to avoid saturation 
· Click the “Div” button. This creates a stack that is the ratio of every on-peak to every off-peak image, at each polarization. 

· Save as “Hr149AN”, A for aligned, N for normalized.

Auto-contrast will be messy after aligning, as you will have B&W edges. Matthew told us a good way to crop stacks in PEEMVision 

· Select ROI containing the area you want to keep

· Make sure “Use ROI” is checked

Go to Edit -> Duplicate

This creates a cropped stack. The FOV is no longer valid, though, so we have avoided this.
Back to shortcuts
n. Attenuating flux
If the flux is too high, you can put in an Au foil or a Ti foil from the Beamline.vi on the left computer, Slits tab. 

If you need to further attenuate, and you don’t need to change polarization, you can de-tune the EPU wrt the monochromator. 

To de-tune the EPU go to Beamline 11.0.1, Mono tab, and enter the desired EPU gap offset (type, or place cursor and move arrows). Normally this is 0.030 mm. I have de-tuned it up to +0.4 mm and seen a decrease of intensity at Ca energies of a factor of 5. Important: the de-tuning is NOT effective until you request an energy.
The de-tuning offset gets reset at each polarization change, so it is not useful for PIC stacks, but only for movies in which one keeps the polarization fixed at 100 or at 190 (no other values).

In addition, you can insert another Au foil normally used for beamline diagnostics. Go to the beamline computer, on Motor Display.vi, select motor “Diag. 106” and jog up and down by 20. 

At 58 the Au foil is in 

At 78 the Au foil is out
Back to shortcuts
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