FSCalcV1.1 for Windows 95 / NT4


A program to display and process AFM force-distance curves.





System requirements:


Pentium PC running Windows 95/98 or NT4.


Only tested under Windows 95. The compiler is preWindows98 so I cannot guarantee it will work properly under 98 although it seems to.


Installation


Copy the program to a directory on your hard disk.





Overview


FScalc is a program to display the AFM force-distance curves produced by the ECS AFM. The program automatically tries to calculate the adhesion force from the retreat curve. Two methods for this calculation are provided. The values calculated by the program are plotted over the real data to get an idea how bad they are. If the value is no good then the user can manually measure a force (and displacement) from the curve.


The measured force can be written to a text file, the ‘log’ file, to avoid human error in writing the number down. The data is appended to the end of the same file until the user selects a new file.


To enable rapid processing of a large number of fs curves the program simplifies the actions of writing an adhesion force to the log file, opening a new fs curve and calculation of the new adhesion force to a single mouse click. The user is still free to reject any ‘bad’ forces calculated by the automatic routines.


Instructions


To start the program:-


Double click the ‘Fscalc’ icon (little diagram of an AFM).


The main window appears which looks a bit like Figure 1.
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The force curves are displayed in the ‘data window’ which is not visible when the program is first started as there is no data loaded.





To open a force distance curve select ‘Open...’ from the ‘File’ menu. The fs curve can be selected using the dialog box in the usual Windows way. Force distance curves should be of the ‘double’ variety, and have been saved as ASCII text or the ECS .IV format.


If all goes well, the data window appears containing the force distance curve. The approach curve is shown in blue, the retreat curve in red. The green line is calculated by the program from the retreat curve and it is from this line that the adhesion force is determined. This force is shown in the ‘Force:’ box in the status bar or the main window. The ‘Displacement:’ box shows the distance moved by the piezo between the two kinks in the green line.





To examine the fs curve more closely click the ‘Zoom’ button in the main window and then drag a box around the bit of the curve of interest in the data window. As an alternative to clicking the magnifier button, right click in the data window then select ‘Zoom’ from the pop-up menu. The data window can be resized and scrolled in the normal way. To restore the plot to its original size, click the ‘View all’ button, or select ‘View All’ from the pop-up menu.





To write a force to the log file click the ‘Log’ button in the main window. The displacement (Å), force (nN), spring constant, filename and number of data points in the fs curve are appended to the log file. The force and displacement shown in the status bar of the main window are written, regardless of how these values were calculated. The indentation force is calculated as the force between the start and end points of the retreat curve.





To start a new log file select ‘New Log...’ from the ‘File’ menu. The default log file is “afmlog.txt” in the current working directory.





To open the next fs curve in a series click the ‘Open Next’ button. The filename of the currently loaded file must have a number immediately preceding the extension (usually but not necessarily .txt or .iv). This number is incremented by one to give the name of the next file to open. Long filenames are supported, even though they are not supported by the ECS software.


e.g. if the current file is “cooh15.txt” then “cooh16.txt” would be opened


Clicking the ‘Log+Open’ button is equivalent to clicking ‘Log’ then ‘Open Next’.





To automatically recalculate the adhesion force click either the ‘(2’ button for the ‘Simplex fit’ or the ‘dy/dx’ for the ‘gradient fit’. These are two different ways of trying to figure out the adhesion force from the curve. The ‘simplex fit’ seems best on noisy curves, and when the kinks in the curve are not very sharp. The ‘gradient fit’ works best for curves which are not curved but have sharp kinks.





To manually measure a force/displacement click the ‘Measure FS’ button in the main window, or right click in the data window and select ‘Measure FS’ from the pop-up menu. Then click two points on the red retreat curve. These will be shown as pink circles connected by a pair of dark green lines. The force and displacement between the two points appears in the main window status bar.





To manually recalibrate the photodiode sensitivity click the ‘Set sensitivity’ button of the main window or right click the data window and select ‘Sensitivity’ from the pop-up menu. Click two appropriate points on the retreat curve. These are marked by pink circles and joined by a light green line. Any lines calculated by the ‘simplex fit’ or ‘gradient fit’ methods are lost.





To copy the force-distance curve to the clipboard - select ‘Copy’ from the ‘Edit’ menu, or use the right mouse button pop-up menu. The force distance curve will be copied as a bitmap image. To save the picture as a .bmp file use ‘Save As’ from the ‘File’ menu.





To export the raw data and fit as a spreadsheet - select ‘Save As’ from the ‘File’ menu. Save as a .csv file. This is text separated by commas and is recognised by MS Excel, or can be opened with a text editor. The fit method, force, displacement, indentation force and diode sensitivity are also saved at the end of the file.





To set the spring constant select ‘Parameters’ from the ‘Options’ menu. Type the spring constant (N/m) in the box and click ‘Ok’.





Other stuff in the ‘Parameters’ dialog box (Figure 2) allows you to choose the default method used to calculate the adhesion force when an fs curve is first loaded. The ‘Show Double FS’ check box is used to toggle on and off the display of the approach part of the fs curve. These settings are not saved on exiting FScalc.
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Error messages


File open error - cannot open the file which has been chosen - usually because the file does not exist.


Cannot read file - the selected file is not of the correct format, contains too many data points (>256) or is corrupted.


Invalid filename - when using the ‘Open next’ or ‘Log+Open’ buttons the current filename is not of the correct form.


File does not exist - the file to be opened does not exist


Incorrect fit - something went wrong during the simplex procedure. Rarely a math overflow occurs or the procedure just does not converge properly. A force will still be given, but this may well be wrong.





How it works.


 The retreat curve data consists of p points of displacement and photodiode reading numbered 0...p-1. 


‘Gradient fit’


Starts with i = 0. Calculates the gradient between data points i and i+1. Calculates gradient between points i and i+3. If both of these are positive then point i is assumed to be the point at which the tip starts to come off the surface. i is incremented until this condition is true. The photodiode calibration is calculated as the slope between points 0 and i.


Then f = i +1. The vectors between points f and f + 1 and between points p - 1 and p - 10 are compared and if the angle between them is less than around 16° then point f is taken as the point at which the tip has returned to its rest position. The adhesion is calculated from points f and i.


‘Simplex fit’


Models the fs curve as a function consisting of three straight line segments and does a least squares fit using the downhill simplex method. The simplex minimisation is implemented using the routine amoeba from the book Numerical Recipes in C, W. H. Press, S. A. Teukolsky, W. T. Vetterling, B. P. Flannery, Cambridge University Press, 1992. Very rarely a math overflow occurs and there is an error message. The initial guesses of the parameters are obtained using a method similar to the ‘gradient fit’.





The program was developed and compiled with Borland C++ Builder.





J. Redman 1999





Example data provided by R. McKendry.





Bugs


In rare cases if the user selects a file that is not in the correct format the program may get confused and crash.





