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1. Introduction XE "1. Introduction" 
HotLEED is a program designed to run on Microsoft Windows™ for the acquisition and the analysis of Low Energy Electron Diffraction (LEED) patterns, both statically and dynamically. The analysis can be performed both in real time and with stored pictures. 

Acquisition

There are three modes of data acquisition:

1. Static acquisition of LEED patterns: a set of frames can be acquired and averaged to produce a high resolution LEED pattern;

2. Dynamic acquisition I(E): a set of different frames is acquired as function of the incident beam energy (a compatible AD/DA card is required to control the incident energy via HotLEED). This type of acquisition is used to acquire I(E) spectra;

3. Time acquisition I(t): a set of different frames is acquired as function of time; the thermocouple reading is also recorded for each single frame (a compatible AD/DA card is required to control the incident energy and the thermocouple reading via HotLEED). This is used to acquire isobars for example, or more generally to monitor the diffraction pattern vs. a time-dependent parameter.

Analysis

HotLEED provides two main tools for LEED patterns analysis:

1. Beam Intensity extraction: The intensity of single diffraction spots can be extracted, either from the stored frames or in real time.  HotLEED can save in an ASCII file the spectra of the intensity for a specific beam, as function of incident energy or time. 

2. Profile Analysis: A spot profile analysis can be performed. Linear, rectangular and circular profiles can be acquired.

Using a set of utilities that are distributed with HotLEED, additional analysis can be performed. These are the programs:

1. CurveView: it is a general curve analysis program. Any ASCII-formatted curve can be smoothed, fitted, interpolated, and math operations can be performed. Multiple curves can be averaged, and compared using the R-Pendry factor
.

2. Normalize: even though HotLEED is capable to control the incident beam energy (if the parameters are properly set, see Preferences menu Ch. 2.3 Preferences), a degree of uncertainties is present. “Normalize” renormalizes the energy values to the correct ones (this feature is available also in the stand-alone program “LEEDnorm”). “Normalize” also corrects the intensity values of the curves to positive values (this feature is available also in the stand-alone program “Xnorm”), to be compatible with Dynamical LEED calculations programs.

3. Isobars: from a set of frames acquired using HotLEED, this program extracts the intensity vs. temperature, i.e. I(T).

4. ImgConv: HotLEED saves the frames in a dedicated format (“.img”) where the pictures are saved but also the acquisition information (time, date, temperature, comments). ImgConv converts “.img” files into BitMap (BMP) images.

5. DifConv: Program used to convert AES spectra acquired with PHI (Perkin Elmer) software from the proprietary format “.dif” into ASCII. 

This information is given as a general introduction. For a more detailed description we refer to the proper chapters.

IMPORTANT NOTICE

· Before the acquisition is started, we advise to create a folder where all the pictures will be stored. Then it is good practice to start HotLEED, acquire a test frame, and save it manually in the previously created folder. In this way HotLEED will be prevented from saving the frames into a folder which is different from the one it has been created for the purpose.

· When HotLEED is first opened, it is a good practice to open the preference menu (“Edit” – “Preferences”) and check that all the parameters are set as they are supposed to. Due to unfixed bugs in the program, when it is first started it may not read the configuration file (located in: C:/Windows/HotLEED.ini) correctly.

· We traditionally labeled the folders with the date of acquisition. For example if the acquisition is done March 24, 2003 the folder will be called: “032402”. 

2 User Interface XE "2 User Interface" 
HotLEED uses the Microsoft Windows™ GUI libraries. So the general user commands (opening and saving curves and frames, printing) are similar to the Microsoft Windows based programs.
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Fig. 1: Screenshot of HotLEED

The main HotLEED window is divided in five areas (Fig. 1). Area 1 is where the actual image that will be stored as a frame is displayed.  Below, in the area 2, there is a plot chart where the acquired spectra are displayed. A scrolling bar with adjustable values between 0 and 600 eV, is used to set the incident beam energy (area 3). On the right side there is a command panel for the acquisition and analysis (area 5). Above that there is a text panel (area 4) where all the information saved for a specific frame is displayed. 

In area 5, three different tabs can be selected:

· Acquire to go to the Single Frame Acquisition panel (Ch. 3.1 Single Frame Acquisition: Acquire panel),

· Timed Acquire to go to the I(E) or I(t) panel (Ch. 3.2 I(E) and I(t) Acquisition: Timed Acquire panel);

· Profile to go to the profile analysis control panel (Ch. 4.1 Profile Analysis). 

2.1 The main menu XE "2.1 The main menu" 
Most of the features in HotLEED can be accessed through the main menu (Fig. 2).
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Fig. 2
The menu is so structured:

· Image: to open, preview, save, copy and print the LEED frames.

· Curve: to open, save, close, cut, copy, past and print the curves displayed in the plot area (area 2 in Fig. 1). Also available are the Cursor control, the Zoom control, the R-factor evaluation tool, and the curve Average control panel. For more information about curve handling with HotLEED, see Chapter 4.2 I(E) Analysis.

· Edit: to access the Preference panel (Chapter 2.3 Preferences and to input the comments which are going to be saved into the frames (Default frame info Fig. 3). The Shape coordinates and the Enable Energy input options are not implemented. 
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Fig. 3
· View: the Single Frame or Dual Frame option changes the screen size with respect to the plot area (see Fig. 4 and Fig. 5). 
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Fig. 4: Single frame
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Fig. 5: Dual frame


The View menu lets the user enable the Live Video mode. When this mode is not enabled, the real–time mode is not available or acquisition or analysis. In the View menu, it is possible to Zoom a curve, by clicking and dragging.

· Frame Acquire: It is possible to set the Acquisition window (Chapter 3 Acquisition p. 11), and to enable the Auto-Save mode during single frame acquisition. The Auto-Save Option opens the panel shown in Fig. 12. The Go! command starts the acquisition.

· Timed Acquire: Controls the I(E) or I(t) acquisition and analysis. The Open (Save) Spot File command opens (saves) a spot file (extension .iv) with the position and the number of integration windows used for the analysis. By default when HotLEED is closed after the analysis is performed the file CurrentSpots.iv is saved in the same directory where the images are stored. The following commands have the same functions as the buttons in the I(E) acquisition panel respectively (more details at p. 23): Options ([image: image6.png]“? Options



), Set Anchor ([image: image7.png]\f{ 108



), Set Origin ([image: image8.png]


), Go! ([image: image9.png] Go!



) and Stop ([image: image10.png]o< sl



). The Start Sample Alignment option is not yet implemented.

· Profile: The following commands have the same functions as the buttons in the Profile acquisition panel respectively (Fig. 19): Line ([image: image11.png]N Line



), Ellipse ([image: image12.png]O Elipse



), Box ([image: image13.png][ Box



), Go! ([image: image14.png]53
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).

· Help! Contents is supposed to have a help guide, which is not yet implemented. The About box gives information about the actual HotLEED version and the author.

2.3 Preferences XE "2.3 Preferences" 
HotLEED requires the preferences to be set before starting the acquisition. The preferences menu can be accessed from the menu bar Edit and Preferences.

The opening window presents three different tabs:

1. Display: In this panel (Fig. 6), it is possible to set the preferences for the image screen, to control the video camera (Scale – Offset). A number of different available frame buffers can be set (frame buffer count). The values indicated have been tested, and proved to be reliable.
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Fig. 6
2. Frame Grabber: in this panel (Fig. 7), it is possible to set the parameters for the Frame Grabber (Black level, White level, Sync Sentinel). The values indicated have been tested, and proved to be reliable. 
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Fig. 7
3. Hardware Configuration: In this panel it is possible to specify the hardware to use for acquisition, specifically the AD/DA card and the frame grabber card to be used. The values indicated in the two panels (for VGLEED above and for CPLEED below respectively) have been tested, and proved to be reliable.
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Fig. 8: VGLEED
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Fig. 9: CPLEED


· It is important to set the correct values for the LEED Energy (Scale and Offset). A wrong set of parameters in the “Scale” and “Offset” will determine a value of the real incident LEED energy different from the one recorded with HotLEED. 

· It is also extremely important for temperature sensitive acquisitions to check the box for the “Channel 0” in the A/D Acquisition box. If this is not set or another channel is set, the temperature measurement may not be recorded. 

· Frame Buffer: HotLEED offers the possibility to use up to 10 buffers to store acquired pictures, without saving them. The number of available frame buffers can be set in the preference panel, in the save buffers count field (Fig. 6). The location of the actual command to move from a buffer to another one is shown in Fig. 10.
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Fig. 10
2.3.1 Configuration File: HotLEED.ini XE "2.3.1 Configuration File\: HotLEED.ini" 
HotLEED saves all the important configuration parameters into a configuration file called HotLEED.ini in the main directory of Windows:

C:/Windows/HotLEED.ini

In particular in this file all the parameters used to control the frame acquisition as well as the analysis are saved. Since the program can be used with different LEED systems, we recommend creating and saving an individual configuration file for each system. We provide two files with this distribution:

· HotLEED VG.ini

· HotLEED CP.ini

Those files can be used immediately on demand:

1. back up the old HotLEED.ini file, for example renaming it HotLEED.bak

2. copy the file of interest in the main Windows directory

3. rename the new file as HotLEED.ini

4. Start HotLEED

5. Check in the preference panel that the settings are correct (Fig. 8 and Fig. 9).

3 Acquisition XE "3 Acquisition"  

3.1 Single Frame Acquisition: Acquire panel XE "3.1 Single Frame Acquisition\: Acquire panel" 
In Fig. 11 the command panel for single frame acquisition is shown. 
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Fig. 11
Buttons and commands:

1. [image: image21.png]B Live



: Pushing this after the acquisition (any acquisition, Single Frame, I(E), I(T)), let you return in real-time or live mode. While pushing this button when the screen is already in real-time mode, HotLEED acquires a 1 frame shot (useful for calibrations) and a set of information (date, time, comments, experimental details, thermocouple reading) are displayed in the text field of area 4 (Fig. 1). It may sound stupid, but after an acquisition nothing is changing while you are adjusting some experimental parameters, press this button: You may be looking at the recorded picture and not to the real-time pattern. 

2. [image: image22.png][ Acaie



: This is the main button for the single frame acquisition. With this command a number of frames (as many as specified in the average box) are collected and averaged to produce a picture that is then shown and a set of information (date, time, comments, experimental details, thermocouple reading) are displayed in the text field of area 4 (Fig. 1). This is an example of the experimental information displayed and saved in the frame:

File name:         a1.img

Header length:          562

Image:             

Data type:         image

Beam Voltage (eV): 5

Date:              6/17/2002 12:05:08 PM

Number of frames:  5

Comment:           

Frame scale max:   1279

Frame scale min:   0

x1:                0

y1:                0

x2:                639

y2:                479

Granularity:       1

Bits per pixel:    16

F-Stop:            0

Black level:       53.855

White level:       714.88

Data offset:            562

Data length:       614400

Analog input 0     0.2197265625 (thermocouple reading)

3. Average: number of frames acquired and averaged for each acquisition into a single frame (max 255, suggested values: 10-15-20). 

4. Granularity: (suggested value: 1).

5. Auto normalize: If checked, HotLEED renormalize the intensity of the pattern so that the maximum intensity pixel in the frame corresponds to the maximum intensity available for the pixel.

6. Windowed acquire: If checked, the acquisition will be performed only in the active area of the screen, which can be selected by pushing the [image: image23.png]Set window



 button and by drawing the area of interest on the screen (right click on the mouse).

7. Auto Save: If Enable Auto Save is checked, HotLEED will save the acquired frame in the folder specified by clicking on the options button. This button will open an auto-saving panel (Fig. 12). The name of the frame will be the one specified in the field provided, plus an index number (i.e. profile1.img). 
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Fig. 12
In order to save manually the pictures, click to the menu Image -> Save or save as.

3.2 I(E) and I(t) Acquisition: Timed Acquire panel XE "3.2 I(V) and I(t) Acquisition\: Timed Acquire panel" 
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The two possible dynamic acquisitions that can be selected by using the radio button in the Aq Type box are (as indicated in Fig. 15): I(E) and I(t).

3.2.1 I(E) Acquisition XE "3.2.1 I(V) Acquisition" 
If the I(E) radio button is selected in the Aq type box (Fig. 15), the I(E) Acquisition is possible. The set of commands is the following:

· [image: image25.png]


 : With this button the acquisition is started.

· [image: image26.png]


: To stop the acquisition in progress.

· [image: image27.png]2 Options



: To enter the option menu for the Acquisition Options

The standard procedure for IV acquisition can be summarized as follow:

1. Prepare the LEED experimental setup, sample preparation, and temperature stabilization.

2. Using the slider in area 3 of Fig. 1, change the incident LEED energy to check for the correct values of brightness and contrast in the screen. Sometimes the LEED pattern appears to be different in terms of brightness and contrast from the one displayed in HotLEED.

3. Select the energy range where the I(E) needs to be extracted. To do this use the provided fields Energy Control box (Fig. 16), indicated in 
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Fig. 16
In this case the initial energy is 1eV and the final is 600 eV, and the energy step from a frame to the next is 1eV.

4. Pushing [image: image29.png]


, HotLEED will display the LEED pattern in real time mode corresponding to the initial energy selected. In the same way, pushing [image: image30.png]


 will display the final energy selected.

5. Using the two buttons [image: image31.png]-

-



 it is possible to browse the patterns by increasing or decreasing the incident beam energy. 

6. After the energy range has been selected, push [image: image32.png]


 to move to the initial energy pattern. Press [image: image33.png]€ s



 to set that as the “Anchor energy”, which is the energy HotLEED sees as the starting point.

7. Enter the Acquisition Options by clicking on[image: image34.png]2 Options



.

8. The Acquisition Option panel (also called IV Acquisition Setting) is shown in Fig. 17. 
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Fig. 17
9. For the Acquisition only the Frame Acquire tab needs to be checked. 

10. Select the label which will be assigned to the set of acquired frames. The sequence will be labeled “name + (frame number of the sequence).img”. For example if the chosen name is “IVframe”, the frames are “IVframe1.img”, “IVframe2.img” and so on.

11. Auto normalize: If enabled, HotLEED renormalizes the intensity of the pattern so that the maximum intensity pixel in the frame corresponds to the maximum intensity available for the pixel.

12. Frame to average: number of frames acquired at the same energy and averaged for each acquisition into a single frame (max 255, suggested values: 10-15-20).  

13. Granularity box: (suggested value: 1).

14. Save file as: It allows to decide which format the frames are going to be saved as (8 or 16 bit). The suggested value is 16 bit. However if the PC has a hard disk of limited capacity (>5MB) 8bit is preferred. In 16 bit configuration a full window frame is about 600kB.

15. Window Acquisition: It allows to decide whether the acquisition has to be done in the full frame (in the full area of the screen), or within an acquisition window. To set the size of the acquisition window, enable the Windowed Acquired checkbox and press the  [image: image36.png]Set window



 button in the Single Frame Acquisition panel (see Chapter 3.1 Single Frame Acquisition: Acquire panelpag. 11).

3.2.2 I(t) Acquisition XE "3.2.2 I(t) Acquisition" 
If the I(t) radio button is selected in the Aq type box (Fig. 15), the I(t) Acquisition is possible. The set of commands is the following:

· [image: image37.png]


 : With this button the acquisition is started.

· [image: image38.png]


: To stop the acquisition in progress.

· [image: image39.png]2 Options



: To enter the option menu for the Acquisition Options

The standard procedure for I(t) acquisition can be summarized as follow:

1. Prepare the LEED experimental setup, sample preparation, and temperature stabilization.

2. Set the number of time steps in the Energy Control box (maximum is 597).

3. Enter the Acquisition Options by clicking on[image: image40.png]2 Options



.

4. The Acquisition Option panel (also called IV Acquisition Setting) is shown in Fig. 18.
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Fig. 18
5. For the Acquisition only the Frame Acquire tab need to be checked. 

6. Select the label which will be assigned to the set of acquired frames. The sequence will be labeled “name + (frame number of the sequence).img”. For example if the chosen name is “IVframe”, the frames are “IVframe1.img”, “IVframe2.img” and so on.

7. Auto normalize: If enabled, HotLEED renormalizes the intensity of the pattern so that the maximum intensity pixel in the frame corresponds to the maximum intensity available for the pixel.

8. Frame to average: number of frames acquired at the same energy and averaged for each acquisition into a single frame (max 255, suggested values: 10-15-20).  

9. Granularity box: (suggested value: 1).

10. Save file as: It allows to decide which format the frames are going to be saved as (8 or 16 bit). The suggested value is 16 bit. However if the PC has a hard disk of limited capacity (>5MB) 8bit is preferred. In 16 bit configuration a full window frame is about 600kB.

11. Window Acquisition: It allows to decide whether the acquisition has to be done in the full frame (in the full area of the screen), or within an acquisition window. To set the size of the acquisition window use the Windowed Acquired checkbox and press the  [image: image42.png]Set window



 button in the Single Frame Acquisition panel (see Chapter 3.1 Single Frame Acquisition: Acquire panelpag. 11). 

12. Delay Time (ms) (accessible from the General Settings tab of the IV Acquisition Settings option panel, step 17 pag. 26): Time delay between the acquisition of a frame and the next one (suggested 3ms).

While the acquisition is in progress the slider bar (in area 3 of Fig. 1) is not indicating the energy (which is supposed to be constant in I(t) acquisition), but the progress in time.

4 Analysis XE "4 Analysis"  

4.1 Profile Analysis XE "4.1 Profile Analysis" 
The profile analysis can be performed in both real-time, or onto stored or acquired pictures. If this is the case, acquire a picture first, or open a stored one.

To perform real-time analysis, open the Profiles tab (shown in Fig. 19)
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Fig. 19
Two are the types of profiles which can be extracted: 

· Intensity profiles: the intensity is mapped as function of the position in the screen along a Line, Ellipse or a box (each can be selected from the profile Type box);

· Histograms: The intensity is mapped in log scale as function of the number of pixels counts along a Line, an Ellipse or a box (each can be selected from the profile Type box).

1. The width (in pixels) of the profile can be specified in the width box. To draw the profile line, ellipse or box, use the right click of the mouse over the area of interest.

2. Once the profile type is drawn, the profile curve is shown in the plot area (area 2 in Fig. 1). By pointing the mouse on the profile type and dragging it, it is possible to use the same profile type in different area of the frame, without redrawing it. The plot curve will be automatically redrawn, if the Update curve while dragging checkbox is enabled. 

3. Once the desired profile curve is obtained, press [image: image44.png]k2

Get profile



 to read the curve from the buffer and have it displayed into the plot area, ready to be exported, modified, saved or compared to others, using the menu Curve (Ch. 2.1 The main menu.

4. Auto Save: If Enable Auto Save is checked, HotLEED will save the acquired profile curve in the folder specified by clicking on the options button. This button will open an auto save panel (Fig. 12). The name of the curve will be the one specified in the field provided, plus an incremental number (i.e. profile1.dat). The curve is saved as ASCII.

4.2 I(E) Analysis XE "4.2 I(V) Analysis" 
The I(E) analysis control panel is essentially the same as the I(E) Timed acquire control panel (Fig. 13). The I(E) analysis can be performed both on real-time and with stored pictures. 
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Fig. 20
There are three possible modes of operation, as indicated in Fig. 20: 

· Frames: This is the I(E) Timed acquired mode, which is used to acquire IV frames (see Chapter 3.2 I(E) and I(t) Acquisition: Timed Acquire panelpag. 13). No analysis can be performed in this mode.

· Curves: In this mode I(E) analysis can be performed for real-time images. 

· Files: In this mode I(E) analysis can be performed for stored frames.

In order to acquire LEED I(E) curves, one of the two (Curves or Files) modes need to be selected BEFORE the analysis is started. The procedure to acquire I(E) spectra is basically the same for the two modes: 

1. Select the desired mode of operation (Curves or Files) using the Mode box shown in Fig. 20.

2. As shown in Fig. 21 and Fig. 22, the control panel changes slightly, with the introduction of a spot list, and with a number of integration windows (windows where to collect the intensity) in the main screen (area 1 in Fig. 1).
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Fig. 21: Acquisition “Frame” mode
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Fig. 22: Curve (Real-time) or 

Frame (stored pictures) Analysis 


3. If the Files mode is selected (analysis of stored pictures), open the menu Image – Open and select the first of the frames of the I(E) frame sequence. Usually if the sequence is IVframe1.img IVframe2.img, open the first of the frames. If the Curve mode is selected (for Real-Time analysis), you can skip this step; 

NOTICE: To open a stored frame there are two possible ways. One is described in the step 3 above. Also a stored frame can be opened by using the menu Image – Open Preview. In this case the panel shown in Fig. 23 will appear, giving the possibility to browse the stored pictures while actually seeing a preview of both the frame and the associated experimental information.

[image: image48.jpg]WOpenfile

=l

R
5 Wtk
5 VGLEED

(
.
|

[atmg

 Qpenfiie ‘

Image | infomation |
) a10.mg
D) 100.mg
D) &101.img
D) 102img
D) 103img
D a10ting
D) a105.img
D) &108.mg
D) &107.img
D) 108.mg
D) 109.img

Fiter: [y
O att.ing o

| |D atinimg

D) atiting

D ati2ing
P 117imn

2lx]





Fig. 23
4. Based on the symmetry of the specimen (3-4-5-6-8-110 fold), a number of integration windows need to be chosen. To do this, press the small + button in the beam list (Fig. 24) to add as many integration windows as needed. The number of integration windows and the coordinates are saved when HotLEED is closed into a file called CurrentSpots.iv in the same directory where all the frames are saved; alternatively it can be saved manually using the command in the main menu Time Acquire – Save Spot File (pag. 6). To recall a previous set of integration windows, using the main menu Time Acquire – Open Spot File it is possible to load a .iv file used in other I(E) extractions. REMEMBER to push the [image: image49.png]


 button after you open the iv file.

[image: image50.png]



Fig. 24
5. If a new “spot” is added to the list, a new integration window will appear in the main acquisition screen in the position indicated (in pixel) in the first column of the beam list. Also a set of indexes can be assigned to the integration window, according to the beam indexes.

6. The position of the beams can be modified both by changing the screen coordinates (screen column) in the beam list or by dragging the integration window in the desired position. The typical arrangement of beams is presented in Fig. 25.
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Fig. 25
7. Once the integration windows are positioned in correspondence to the desired beams in the first frame of the sequence, it is extremely important to push the button [image: image52.png]


. This will fix the center where all the integration windows will converge to, when the energy of the incident beam is increased and the diameter of the Ewald sphere will increase
. This step is extremely important to guide the integration windows in a way that they can follow the beams as the energy changes.

8. Then push the button [image: image53.png]3£



. This will tell HotLEED that the visualized frame is the initial one, the starting point for the I(E) extraction.

9. Push the button [image: image54.png]


 to display the last of the recorded frames of the sequence, corresponding to the final incident energy.

10. Repeat steps 6 and 7 to have the integration window to match the spots in their final position. 

11. At this stage everything is ready for the IV extraction. It may be useful to browse the frames using the buttons[image: image55.png]->

|

-



. If the position of the integration windows needs to be modified, this can be done at intermediate energy steps. If so, remember always to press [image: image56.png]


 after this.

12. Push the [image: image57.png]


 button to go to the first frame. 

13. Open the Options panel with the button [image: image58.png]P Options



. The IV Acquisition Settings menu panel will open in the Curve Acquire section (Fig. 26 and Fig. 27).
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14. This Option panel is designed to set all possible combination of parameters for the I(E) extraction. These are the function of all the parameters in the Curve Acquire tab:

· Background subtraction: if enabled, the integrated intensity measured along the perimeter of the integration window will be subtracted to the integrated intensity measured inside the integration window. For this purpose the integration window should be big enough to include the diffraction spot, but not too big to include too much of the background intensity.

· Peak extrapolation: It allows HotLEED to apply the compensation for saturated pixels at the center of the spot.

· Average Count: (suggested value: 1)

· Size: Specify the size in pixel of the integration windows. This can be kept fixed (as shown in Fig. 27) or it can be made function of the incident energy (if the Ref Energy Size checkbox is enabled). In this case the size specified is referred to the energy specified in the Ref. Energy (eV) field.  

· The Coordinate System can be assigned as Cartesian or hexagonal, according with the nature of the specimen. This helps HotLEED determining the evolution of the LEED pattern, as function of incident energy

· The integration window can be rectangular or circular (suggested: circular).  

15. Further Settings are available in the General Settings tab, accessible from the same IV Acquisition Settings panel.
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16. In this panel it is possible to set the type of LEED optics in use during the experiment. Specifically for conventional optics (like the VGLEED, Fig. 28), where all the grids are hemispherical, in the LEED Screen Type box, the Curved screen option needs to be selected. In case the experiment is performed using a LEED optics with flat grids or a flat screen or a flat channeltron (as in the case of CPLEED, Fig. 29), the Flat screen option needs to be selected. For the flat screen, a correction to the intensity of the outer beams needs to be included, having these beams a lower intensity due to the flat nature of the screen itself. For this correction, the screen-sample position (measured in mm, not in pixels as stated in the panel) is required and a field is provided. For the Curve Screen, this distance is not required. However for the Curved Screen, we would recommend to position the sample at the center of curvature of the screen.

17. Also adjustable are the Aspect Ratio (suggested value 1). It may be important to set also the Time Delay (ms), which is the delay time between the acquisitions of one frame from the next one.

At this point the I(E) extraction can begin, by pushing [image: image59.png]


. Depending on how many integration windows are in use, there will be as many I(E) curves depicted in the plot area Fig. 30. 
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Fig. 30
18. These curves can be exported singularly using the right click on the mouse and select save from the menu in Fig. 31:
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Fig. 31
Only the active curve (indicated in the list panel [image: image62.png]~] lnsrooniv



) is saved. To save all the extracted curves, each single one needs to be selected first from the list, or by clicking over the curve of interest. Alternatively the curves can be saved all at the same time by using in the main menu Curve – Save All, as indicated in Fig. 32. Curves can be also copied and pasted to external programs. 

19. It is possible to perform some simple manipulations to the curves, using the same menu (accessible with the right click of the mouse over the plot) shown in Fig. 31. These are accessible also by using the main Curve menu, as indicated in Fig. 32.
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Fig. 32
These are the possible operations:

· Cursor: it enables a cursor in the active curve, to measure point by point the point values of the curve;

· Zoom: it allows to zoom in and out the plot to enhance some part of the curve;

· R Factor: It allows to calculate the R-Pendry factor for two curves displayed. It is quite useful to verify the alignment of the sample at normal incident, since in these conditions the agreement for all the different beams (ONLY IF EQUIVALENT BEAMS) should be the same (The R-Pendry factor should be the same). A 3-point smooth is also available to reduce the noise while evaluating the R-factor (Fig. 33).
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Fig. 33
· Average: It allows to average a set of I(E) curves associated to a set of EQUIVALENT beams (Fig. 34). The averaged curve will be displayed in the plot area, along with the original curves.
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Fig. 34
· Acquire profile: not in use.

4.3 I(t) Analysis XE "4.3 I(t) Analysis" 
In order to extract I(t) curves, the I(t) option needs to be selected in the Aq Type box (Fig. 15, Fig. 1 and Fig. 36). Also one of the two (Curves or Files) modes needs to be selected BEFORE the analysis is started. The procedure to acquire I(t) spectra is basically the same for the two modes: 
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Fig. 35: Acquisition “Frame” mode
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Fig. 36: Curve (Real-time) or 

Frame (stored pictures) Analysis 


1. Select the desired mode of operation (Curves or Files) using the Mode box shown in Fig. 20.

2. As shown in Fig. 35 and Fig. 36, the control panel changes slightly, with the introduction of a spot list, and with some integration windows in the main screen (area 1 in Fig. 1).

3. If the Files mode is selected (analysis of stored pictures), open the menu Image – Open and select the first of the frames of the I(t) frame sequence. Usually if the sequence is IVframe1.img IVframe2.img, open the first of the frames. If the Curve mode is selected (for Real-Time analysis), you can skip this step; 

4. Based on how many spots are considered for the I(t) extraction, a number of integration windows need to be chosen. To do this, press the small + button in the beam list to add as many integration windows (windows where to collect the intensity) as needed. The number of integration windows and the coordinates are saved when HotLEED is closed into a file called CurrentSpots.iv in the same directory where all the frames are saved; alternatively it can be saved manually using the command in the main menu Time Acquire – Save Spot File (pag. 6). To recall a previous set of integration windows, using the main menu Time Acquire – Open Spot File it is possible to load a .iv file used in other I(E) extractions. REMEMBER to push the [image: image68.png]


 button after you open the iv file.

[image: image69.png]



5. If a new “spot” is added to the list, a new integration window will appear in the main acquisition screen in the position indicated (in pixel) in the first column of the beam list. Also a set of indexes can be assigned to the integration window, according to the beam indexes.

6. The position of the beams can be modified both by changing the screen coordinates in the beam list or by dragging the integration window in the desired position. The typical arrangement of beams is presented in Fig. 37.
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Fig. 37
7. Since in I(t) acquisition, the electron incident energy is kept fixed, the position of the beams will not change. For this reason the energy Control Panel available for the I(t) acquisition is disabled.

8. The options parameters need to be adjusted as well. Being the parameters for the I(t) extraction identical to the one for the I(E) acquisition, we redirect the reader to the step 13 and subsequent at pag. 23. The curve manipulation features available in HotLEED are also similar. 

9. The actual I(t) spectra as they are extracted  by HotLEED, they are not saved as a function of time, but as a function of the frame number. This means that the I(t) spectra is actually a Intensity vs frame number spectra. As it is, the spectrum is pretty useless. To overcome this issue, another program is available in this distribution, called isobars (Ch. 4.3.1 Isobars).

10. When the extraction is over, select the Ac Type (as shown in Fig. 15) as I(E). Then press [image: image71.png]


 to return to the first stored frame of the sequence. Select again the Ac Type as I(t) to return to the I(t) analysis section. Because of an unsolved bug you may need to set again the size of the integration windows by opening the I(E) Acquisition Settings panel ([image: image72.png]P Options



) and selecting the Curve Acquire tab (Fig. 26 and Fig. 27).

4.3.1 Isobars XE "4.3.1 Isobars" 
This program allows the user to use the I(t) spectra extracted using HotLEED to produce:

· Intensity vs time (in sec) spectra;

· Intensity vs Temperature (in C or K) spectra, also called isobars (the fixed pressure is require in these measurements).

The main option menu of Isobars is shown in Fig. 38.
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Fig. 38
These are the possible options Isobars has available:

1. COLLECT: It collects the thermocouple readings for each single frame, and it saves it into an ASCII file.

2. Save Isobars (K or C): Using the I(t) spectra extracted with HotLEED and the Thermocouple reading collected in step 1, Isobars converts the TC reading into temperature (using the calibration in Fig. 39) and saves the Intensity vs temperature curve.

3. Extract Temperature only: The Thermocouple reading is converted into temperature and then it is saved in a ASCII file. This option may be useful for noise checking in the temperature reading.

4. Quick conversion: With the input of the Thermocouple reading, it display the corresponding temperature, using the calibration in Fig. 39.

5. Save Isobars (TC reading): Similar to step 2 but without the temperature conversion. The output is a Intensity vs Thermocouple reading (V) curve.

6. Acquisition Intensity vs Time: Using the time calibration in Fig. 40, this option allows to saved Intensity vs time (in sec) spectra. 

The time and temperature calibration parameters can be changed (using option7) if newer calibration are available.  

For the experimental setup description please refers to the Appendix B: System Requirements

[image: image74.png]-1.70654
-1.6333

-1.38916
-1.01807
-0.68848
-0.06104
-1.77246

-195.5
-176
-133.4
-82.1
45 50
19.1
-204.5
0
50
O -100
'_
-150
-200
250

-1.5

TC calibration 02/27/03

2/27/2003 20:42

Polynomial Regression for Data1_B:
Y =A+B1"X + B2"X*2 + B3"X"3 + B4"X4

Parameter Value Error

26.40545 5.27869
122.52231 74.52581
52.64146 171.18587
40.48713 133.94744
4.52749 34.19815

R-Square(COD) sb

0.99962 2.85208 7 7.65558E-4

-1.0 05 00 05
TC reading (V)




Fig. 39: Thermocouple calibration
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Fig. 40: The variable “frames” refers to the number of averaged into the final HotLEED image. This value can be adjusted in HotLEED in the IV Acquisition Settings, Frame Acquire panel, Fig. 18 pag. 17

Appendix A: Known bugs and issues

HotLEED has been developed throughout the years, but it still present some bugs. The following is a list of the yet unsolved bugs or/and not implemented commands:

1. When HotLEED is first open, the AD/DA card is not immediately recognized. HotLEED is not reading properly the HotLEED.ini files. So it is necessary, every time HotLEED is started, to open the preferences panel (Fig. 8: VGLEED and Fig. 9, pag. 9), and manually select the AD/DA card.

2. The Shape coordinates and the Enable inergy input options in the edit menu (Fig. 2 pag. 6) are not implemented. 

3. The Start Sample Alignment option in the Timed Acquire menu (Fig. 2 pag. 6) is not yet implemented.

4. After the extraction of I(t) spectra, it is possible to go back to the initial frame of the sequence by selecting the Aq Type as I(E) and by pressing [image: image76.png]


. When the Aq Type is selected again as I(t), the size of the integration windows changes and it  needs to be set again by opening the I(E) Acquisition Settings panel ([image: image77.png]P Options



) and selecting the Curve Acquire tab (Fig. 26 and Fig. 27).

5. HotLEED freezes temporarily for 10 seconds when the Files mode is selected (Fig. 20).

6. After the an I(E) or I(t) analysis is performed and a number of integration windows is selected, if this number is higher than 4, HotLEED does not save this beams in the Spot files correctly.

7. After a set of integration windows are selected and I(E) or I(t) analysis are performed, if the position of the windows are changed with the mouse, the displayed position in the beam list (Fig. 24) has unrealistic values (negative usually). 

8. In the profile analysis once the profile types are drawn, they can not be dragged in different positions, so they need to be redrawn everytime. 

This list is still in progress.

Appendix B: System Requirements XE "Appendix B\: System Requirements" 
This is the minimum configuration required:

· PC – IBM compatible running Microsoft Windows™ 95/98/ME (NT/2000/XP are not supported)

· Pentium 3/4 or AMD Athlon

· 256 MB RAM

· A full frame requires about 600kB. A total I(E) acquisition requires about 597 frames. For multiple acquisitions we advise an hard disk of at least 10GB

· For the same reason a CD-RW or DVD-RW is advised.

· Frame grubber: DT-3155. Other frame grabbers (Data translation only) can be used, but HotLEED has been tested only with the DT-3155

· AD/DA card: DT 2821. Data Translation DT21-EZ I/O connector. 

· Data Translation “DataAcq SDK” and “FG SDK” development kits need to be installed.

· A Thermocouple amplifier may be useful (the TC reading is in mV). A schematic of the one used is available in Fig. 41.
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Fig. 41: Thermocouple amplifier

Appendix C: HotLEED Preference menu: Setting XE "Appendix C\: HotLEED Preference menu\: Setting" 
Frame grabber:

Black level: 53.86

White level: 714.9

Hardware configuration:

LEED Energy:

Output Channel: 0

Input Channel: 1

	
	VGLEED
	CPLEED

	scale:
	2.048
	0.97997

	offset:
	2048
	2056.5


A/D Acquisition: 

Channel:  0

Display:

Frame buffer: 4

Palette num.: 0

Scale:  1.1

Offset: 4

Appendix D: Contact Information XE "Appendix D\: Contact Information" 
Gerald S. Leatherman (HotLEED concept and code): Gerry_Leatherman@yahoo.com
Nicola Ferralis (HotLEED testing and implementation, user guide): nferralis@psu.edu









 feranick@yahoo.com
Renee D. Diehl (supervision): rdiehl@psu.edu
for more information on the Acquisition cards:

http://www.datatranslation.com
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