





PHYSICS 904 Experiment Protocol #4


X-ray Photoelectron Diffraction (XPD)
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Goals


So far, the course has dealt only with the spectroscopic properties of photoelectrons. There is another category of effect which is equally as important. When a photoelectron is created in the sample, it scatters, or diffracts, from the atoms in the near-surface region, as it travels out of the sample. This diffraction effect can be very large, and contains a rich amount of important information about the sample. Photoelectron diffraction has become an important tool for determining the atomic structure of surfaces, adsorbed atoms and molecules, and ultrathin epitaxial films. In this experiment, you will measure the photoelectron diffraction effect from a single crystal, and compare your results to a theoretical model.


Protocol


Sample preparation


Use XPS(twin Al, kinetic energy 400~1500eV, pass energy 50 eV) to determine the cleanness of the Cu(100) surface, sputter for a few minutes if necessary. Use LEED to determine the order of the surface, anneal at about 600°C if necessary. Also determine the approximate orientation of the [100] and [110] crystal azimuths by LEED. Once the crystal is clean, it should stay clean for up to 1 week in UHV. All groups use the same crystal.


Determine the orientation of the crystal


Take an XPS detailed scan for Cu 2p with Al Ka, width ~50eV, step size 0.2~0.5eV, pass energy set to 50 eV, using the PC-XPS program. Plot the spectrum and determine the position of the energy window(3~5eV width) for diffraction measurement. Set up the ARX program for the Cu 2p using this energy window, polar angle range -5°~70°, step 1.0°. Set the acceptance angle of the energy analyzer to ±3° for the diffraction(ARXPS) measurement. Use a few test polar scans to determine the exact azimuthal position of [100] or [110] to within 3°.


Each lab group will produce a photoelectron diffraction pattern from one of the following source lines: the Cu 2p, Cu 3p, KLL Auger, and valence band. Each group will share its results with the other groups for use in the lab report.


XPD polar plots and diffraction patterns.


Polar angle XPD 


Use a detailed XPS scan to determine the energy windows for Cu LVV, 3p and valence peaks, using the PC-XPS program. Set up ARX program with 4 windows, 2p, LVV, 3p and valence band.  Measure intensity as a function of polar angle, from -15° to 70°, step size 0.5°, using twin Al anode, pass energy 100eV and ±3° acceptance angle.  Determine the normal emission angle by symmetry and adjust the polar angle axis accordingly.


Identify any intensity maxima in terms of bulk crystallographic directions. Compare the spectra for electrons with different kinetic energies. Based on the forward scattering model and the bulk structure of Cu crystal, calculate the angular locations of the intensity maxima of the Cu(111) directions at the 2 principle azimuths.


Full hemisphere XPD pattern 


After running polar-plots along two principle azimuths, take a complete diffraction pattern for one of the emission lines (selected by consultation with the instructor).


Notes on data acquisition


Running the PC-XPS program 





Create your own directory if you don't have one, e.g.,  mkdir \myname





Change to your directory: cd \myname





Type XPS, then the <Enter> key, the opening screen asks you to verify the date and time, press <Enter> if they are right, otherwise press the <Esc> key and return to DOS to set the date/time.





At the "Read XPS.LOG? Yes=1" prompt, either type 1 then <Enter> to retrieve the last settings; or type 0 then <Enter> if you are running the program for the first time(no xps.log in your directory) or you don't want to use the old setting.





After that the main screen appears, with the main menu at the bottom of the screen. 10 sub-menus are accessed by pressing the function keys(F1~F10). 


F1 CAL: Calibrates the energy analyzer. Should be done at least once a day. (Channeltron OFF!)


F2 INPUT: experimental setup including range, step. time, number of sweeps, data file name, etc.


F3 STP: manual step motor rotation control


F4 TEST: Test the accuracy of the energy analyzer(kinetic energy)


F5 SWP: sweep, i.e., begin data acquisition scans


F6 PLT: plot data to plotter


F7 FILE: save data to file or retrieve data from file(This will overwrite the data in memory)


F8 ZERO: reset the data array to zero, required for each new scans


F9 CONFIG: setting for less frequent used parameters including plotter selection


F10 OUT: exit the program





Note for input numbers: A decimal point must be put in for a real variable, while no decimal point is allowed for an integer variable. Hint: all integer variable begins with characters i, j, l, m or n.





Typical operation: F1: calibration; F4 test kinetic energy; F9 select plotter; F2 setup experiment; F8 reset data array; F5 sweep; F7 save data; (F6 plot data); repeat F2, F8, F5, F7, (F6), until finished, F10 exit. Copy all the data files to floppy disk.





Data and the experimental settings are saved in binary format. To make the data readable by other programs, use a conversion program XPSCVT2. This program is installed on all the PCs in the ESCA Lab. Type XPSCVT2<Enter> at DOS prompt to see the usage instructions.





Typical survey scan parameters(Al): Vmin=400.0~500.0 eV, Vmax=1500.0 eV, step 1.0 eV, Time/Channel=0.1~0.2 Second, Nsweeps=2~5; Pass energy 50~100 eV, acceptance angle > 20°.








Running the PC-ARX program





The ARX(Angle Resolved Xps) program is similar to the XPS program except the following major differences:





Safety considerations. Rotating the huge sample manipulator inside the crowed chamber is always dangerous. Check the polar angle settings carefully and make sure the sample manipulator rotates in the right direction.  Use manual control to rotate the sample through the intended angles, while watching the sample through the viewport, before switching to computer control. This will insure that there are no interferences.





Set up 1~4 energy windows,  typically 5~10 points per window, Time/Ch = 0.2~1.0 seconds





Set up polar angle scan parameters, note the ARX program uses different angular coordinate system. [For a polar angle scan range -15°~70°, set first angle = 105°, last angle = 20°, Dq = -0.5°] CHECK WITH INSTRUCTOR!.





Data conversion program: ARXCVT2


Data analysis


Your interpretation of the data should consist of both a qualitative discussion of the results, and a quantitative calculation of the photoelectron diffraction effect, as discussed below.


Qualitative analysis


Construct a diagram showing the location of the principle crystallographic directions of the Cu(100) crystal in stereographic (or orthographic) projection.


Compare the crystallographic directions of the main low-index directions to the location of intensity maxima and minima in each of the XPD patterns that has been produced (2p, 3p, valence band, Auger). Is there agreement between maxima, minima, neither or both?


Take your polar angle plot and mark on it the location of the main low index crystallographic directions. Is there a correlation with your data?


Quantitative analysis


Calculate the photoelectron diffraction effect for Cu using single scattering theory (see supplement). Do this for a polar-angle experiment in one of the low-index azimuthal directions (i.e., either [100] or [110]). Use a simplified atomic cluster of atoms consisting of only atoms in the plane of detection, and use only a single ‘emitter’ atom in the third layer from the surface. Compare your theory with your experiment.
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