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Introduction



We have made our three months training course in a city called REGENSBURG. She is located in Bavarian at 140 km on the north of MÜNCHEN. This city is beautiful, with many old buildings. The inhabitants are friendly and like French people. They speak german but also a bavarian dialect, which makes difficult the training of the language. This city has an important student population (more than one quarter of the city). The town has a big university where many disciplines are taught. Moreover, in Germany, there are university and fachhochschule. They both work together : fachhochschule is specialised in the technical fields whereas at the university is taught right, economy, etc... For us, the difference between France and Germany, it is the age of the students. Here, they have approximately 4 or 5 years more than us. This fachhochschule proposed us a training course on a problem of optic and electronic: we have to create programs and a card, allowing to connect a PC to an Atomic Force Microscope (AFM). We use a software named LabVIEW to make our programs. For the card, we must test the old one and contribute to the development of the new. This new card must limit the noise and provide a more precise, exploitable signal by a computer.
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The Atomic Force Microscope Our subject of training course is to connect an Atomic Force Microscope (AFM) to a computer. However, it is necessary for us to explain what is this microscope because we study electronic and not optic. We will explain each sort of this kind of microscope. This microscope is contained in a family called LOCAL PROBES MICROSCOPIES or also FIELDS CLOSE MICROSCOPIES. This family was called thus because it means that dimensions of the probe (or points) and its distance with the sample are very small ahead the dimensions of the object.



This family of microscope appeared in the beginning of the years 1980 with the development of the Scanning Tunnel Microscope (STM). The scientists who made this discovery received the Nobel Prize in 1986. Since, many other microscopes appeared: Atomic Force Microscope (AFM), then many derivative, Lateral Force Microscope (LFM), etc..... and Scanning Near Field Optical Microscope (SNOM). For these last years, this sort of microscopy has been into full rise. That is due to their capacity to measure and colour the sub-micrometry scale of with properties that cannot be find in different technology. The applications of the AFM and the STM are used for the topographic study of proteins and lipids, the ADN and biological membranes. This is a determination of the interactions forces between insulated molecules. So we need to find the local mechanical properties from the picture structures.



1.What is the Scanning Tunnel Microscope?



A Scanning Tunnel Microscope (STM) consists of three principal parts: ♦ a piezoelectric hold or scanner ♦ a conducting point ♦ a control unit coupled to a computer
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Its principle: The Scanning Tunnel Microscope makes possible the analysis of surfaces in the domain of the surfaces physics and in the domain of biology (atomic resolution of small molecule organic). Information collected is a mixture of the electronic structure and geometrical installation of the atoms. The STM uses a quantum phenomenon: tunnel effect. That is to say that the tension applied between the ultra fine metal probe to less than one nanometer and the conducting material involves, send more or less electrons.



This microscope allows variations of this current known as ''tunnel''. Thanks to these variations, this will allow a precise topography of its surface. Moreover, this microscope pushes slips the atoms by modulating the tension applied. Its disadvantages are the use for atomic handling is valid that under vacuum conditions extreme and this microscope are valid only with conducting surfaces .



2.What is the Atomic Force Microscope? The principle of this microscope is very simple in its general concept. It consists in moving a probe very slim near surface to be studied and to measure the local interactions between the atoms of surface and the probe 6



according to the displacement of the latter. The Atomic Force Microscope permits too to determinate the micromechanical properties of the biological hardware, to make topographic pictures with nonometric resolutions.



An AFM is built in a way extremely similar to a STM. However, unlike a STM, it is generally the sample which is placed on the piezoelectric hold. The sensor contains an extremely flexible cantilever carrying a very fine point and an optical system of detection, making possible the measure of vertical deflections of the cantilever. The point supported by the cantilever is placed in contact with the surface of the sample. To measure the deflection of the lever, the beam of a laser diode is focused on the end of this one and is considered towards a diode photodetector sensitive to the position made up of four quadrants. The deflection of the lever causes a displacement of the beam reflected on the diode and thus a variation of the difference in tension measured between the four quadrants. During the scanning horizontal of the sample, the signal on the photodiode is measured and compared in the control unit with a signal of reference. A loop of feedback adjusts uninterrupted the 7



driving position of the sample in order to maintain the deflection of the lever and thus the force of interaction constant point-surface. This operating mode most usually used is called the mode ''force constant'' side and vertical displacements of the sample are recorded and treated by the computer in order to generate a three-dimensional image of the topography of surface. This operating mode is usually used to carry out images on a large scale. The use of the AFM to measure elastic modules is not limited to polymeric surfaces. This technique in particular, makes it possible to measure the mechanical biological material properties. The AFM also makes possible to measure the mechanical properties of nanomaterial which could not be analysed by other techniques.



3.What



is



the



Scanning



Near



Field



Optical



Microscope? This is the third sort of microscope. His principle is based on the detection of the light. This one comes from interaction between the surface devise and an luminous electromagnetic wave. That is why, it needs an nanometric sounding. This one is plunged in the Near Field Optic of the surface. It hopes to get several optic information sub-Micronics of the surface of the sample.
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4.Why use an Atomic Force Microscope? We use an Atomic Force Microscope because the utilisation of the Scanning Tunnel Microscope is limited at conductor materials. We want to use all materials. But the Atomic Force Microscope has disadvantages: v The sensitivity of the light because we work in the visible domain v The sensibility of the moving air v The precision of the measure



The principal difficulty of using comes from the interface air-solution which deflects the laser beam. For avoid this problem, we can put a glass window to control the direction of the laser beam.
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LabVIEW We have used LabVIEW 5.1 to drive and to acquire data from the AFM. It is a program of Nationals Instrument. LabVIEW is a new programming language for us, so we had to spend time to learn how it functions.



This program is a graphical software system for developing highperformance applications. It is used by many engineering and design department, in chemistry, biology, electronic, optic... because we can make react the PC like an instrument dedicated to the desired application. LabVIEW is unlike the text-based programming languages of C++, Fortran, Basic, etc. and more modern. LabVIEW is different from those applications in one important aspect. It is written in G or graphical programming language, which is composed of many "nodes" wired together. Also, opposite of the other programming languages, LabVIEW has continuous auto-compiling, so it tells you when an error has been committed immediately!



Example of LabVIEW’s modernism and of the graphical language



It is important to realize that the LabVIEW diagrams are not the same as a sketch composed of resistors, transistors, and components. So don't plug an antenna into the data acquisition board and expect a radio to work. 10



LabVIEW is used as a replacement for the text based languages, so you can see what you are doing, quickly insert a missing piece of code, and study how the data are travelling. If you miss a quote or mistype a command in a text programming language, that would cause errors and lot of time to find the mistake. This is where LabVIEW is superior, it doesn’t required typing or correcting the spelling mistakes. With LabVIEW, we can also acquire data and control devices via IEEE-488 (GPIB), RS-232/422 and modular (VXI or CAMAC) instruments as well as plug-in I/O boards. For example we have used the Nationals Instrument’s cards named PCI-1200 and AT-MIO-16E 2. The cards permits to extend the possibility of the computer. As a consequence, we have a lot of opportunities to develop a very performent program. LabVIEW has extensive libraries of modules usable for programming. These libraries permits the data acquisition, data analysis, data presentation, and data storage. This software also includes conventional program developments tools, so you can set breakpoints, animate the execution to see how data passes though the program, and single-step though the program to make debugging and program development easier. LabVIEW programs, called "virtual instruments" (VIs), are created using icons instead of conventional text-based code. A VI is consists of 3 parts : a front panel, a block diagram and an icon.



Icon Front panel



Bloc diagram
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Ø an interactive user interface, called front panel, where are localised various types of operators and indicators necessary to the application such as knobs, switches, push buttons, graphs, and a lot of others controls and indicators; Ø a block diagram, source code, where you have built graphically the application. It contains the executable code, constitutes of icons that operate on data connected by wires which pass data between them : it is the solution of an programming problem; Ø finally an icon, which make possible to connect the inputs and outputs on the diagram. The front panel and the block diagram are windows and have the properties common to these windows. But it is the front panel which proposes the interface man-instrument, the block diagram allowing the graphic programming, and the icon permits to re-use the instrument in others faces. All new graphically programmed application becomes in its turn a re-usable module. With these features, LabVIEW adheres to the concept of modular programming. You divide an application into a series of tasks, which could be divide again, until a complicated application becomes a serie of simples tasks. You build a VI to accomplish each subtask and then combine those VIs on another block diagram to do the larger task. Finally, your top-level VI contains a collection of little VIs that represent all the functions.



Because you can execute each little VI by itself, separately from the rest of the application, debugging is much easier.
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LabVIEW example In this example, we have draw a basic graphic to explain what is LabVIEW. It is a simple language because we just have to know what is a display or a screen or a button ... We have a library for the icons in each panel because the icons are different. The front panel has control icons and the diagram has measure, calculation icons. Here is the two palettes below.



Front palette



Diagram palette



LabVIEW example
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In this example, the computer chooses a number between 0 and 1, multiplies by 10 and displays it. We have drew a temporisation, the computer have to wait 1000 milliseconds between two cycles. When the stop button is activate, the program stops the loop. In the main windows, we can see the number changing each second (1000 milliseconds = 1 second). The wires are in different colours because there are several types of variables. The orange is for real, green for boolean and blue for integer numbers. The texts in LabVIEW are in german because we works on an german version. But you can find an english or french version. This is a very simple program and everybody can do it in a few minutes. We just have to place the stop button and the display in the front panel, we draw a while_loop in the diagram window, we add the temporisation, the die, the icon “multiplied by”, the constants and we put the wires between the different elements. It is as simple as that ! Naturally ours programs are more complicated than this example!! But we can learn LabVIEW with LabVIEW's included examples. This is a good way to learn the most of LabVIEW.



14



Our work with an AFM and LabVIEW 1. The problems we have to solve The existing AFM and all his components have problems and must be improve. The AFM functioned so we don’t have to create a new one. We have to change parts, like the photodiode card, the alimentation of the piezo, the connectors... This paragraph will detail the problems we have to solve.



•



The photodiode



The card’s dimensions are approximately 4,5 cm * 9 cm and the photodiode is placed on the top of the card. We work with microscopic resolutions, so it is necessary that no parts move during the data acquisition.



This is our big problem because the person who makes the measurements is oblige to breath or when a door is open or close, that makes a displacement of air. As a consequence, the card and the photodiode move a little, so the distance cantilever-photodiode varies and the measurements are wrong. Before, we had to do the measures in a special place and it isn’t very easy to do it. The second problem is the daylight. The laser works in the visible frequency. The photodiode receive light from the laser, but also from the sun and all the lamps around. So when there is a shadow on the photodiode, the signal varies and the measure is wrong. We have to improve theses parts for the photodiode.
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• The piezo Our work is to characterise the piezo and do another alimentation for it. We must do a program to move the piezo and then we measure the displacement with an micrometer. The alimentation already exists but she is very big. We would do another one, more little, with news components.



2. Characterisation of the old card a. Photodiode: Tests and results During the stage, we have worked with a software called LabVIEW. For this, we passed two weeks in order to understand how functions this software. This one was in german obviously, so it was necessary for us to translate, to know the pop-up menu, the tool bar and the menu bar. After some utilisation, we started by including the acquisition card. We have to find the characteristics of the card with the photodiode: number of pins, the different tensions in output and the feeding. The diagram of the photodiode is the following:



We can see on this diagram the photodiode must be alimented by +10V. It exists four diagrams on the card. That is to say four amplifiers, four resistors and eight condensators.
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After carrying out this connections and checking that they functioned, we connected the four outputs and the ground in a male connector of nine pins to refer the inputs and outputs for the LabVIEW program. For carry out this connection, it was necessary to weld eight wires on the male connector. That is to say the four outputs, the ground, +10V of the photodiode, +12V and –12V of the amplifiers feeding. We must measure the voltage in the different outputs when the LED changes of dial. To measure the different voltages, the laser must move in the different parts of the photodiode. We know that we don’t need lot of external light, because that gives bad results. The values change when we remade this measurement. In order to avoid this problem, we created an obstruction. The diagram dial of the photodiode and the measure table is give next :



DIAL ON



OUTPUTS



VALUES



VALID OUTPUT



LED C



Output Output Output Output



1 2 3 4



-3,52 V -0,232 V -0,214 V -0,025 V



LED D



LED D



Output Output Output Output



1 2 3 4



-3,51 V -0,203 V -0,189 V -0,220 V



LED C



LED A



Output Output Output Output



1 2 3 4



-0,191 V -3,90 V -0,641 V -0,749 V



LED A



LED B



Output Output Output Output



1 2 3 4



-0,020 V -0,749 V -4,33 V -0,766 V



LED B
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These measures allowed the program to know the voltage value which entries in the acquisition card. This one varies between –5V and +5V. So, we have done the adaptation between the photodiode card and the acquisition card. Now, how functioned this program? And how has it carry out?



Program photodiode Our program is decomposed in two parts, like all the others programs made by LabVIEW. There is the front panel and the block diagram. We have tried to do a program the most simple possible because we want that all users can work with it. Our front panel is used to display the position of the laser beam and to stop the program.



We have choose an XY graph because it is the most appropriate for this application. This graph is big for a maximal resolution. The spot is represented by a red point, it is just because the laser beam is red. But we can draw others points and others shapes. There is the possibility to display several points. These points corresponds of course at a laser position but we display the last points acquired by the PC. So we can have a trace of the laser’s displacement. It can be useful if the spot moves very fast.
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The graduations on the XY graph don’t represent the real displacement of the spot. There are the results of the operation to find the position with the 4 inputs. There is also 4 displays for the inputs voltage. It is just to control the voltage because the card can’t support a very high level. She is limited at 0v , +10v or –5v , +5v. If the level is too high, the card may be damaged. The X and Y displays are the position of the spot. There are useful for the development and the test of the program. Sometimes there is no spot, and all the system run. So we look at the position X and Y and find the spot. Normally, when the spot disappeared, it is just out of the display, so we have to increase the XY graph dimensions. The button “STOP” permits to stop the program when the user wants. The picture in the top right corner represents the photodiode with the 4 quadrants. The letters A, B, C and D permits to plug the good wires when we install the AFM. In the middle of the round, there is a lamp, and in the bottom, there are a few words : over voltage inputs. The lamp is off and the words are hidden when the input voltage is between –5v and +5v. But when the inputs have others values, the lamp lights and the string over voltage inputs is showed. That signifies that the voltage is superior as the level that the card can accept and there is a risk of deterioration. So, we have to stop the measure or make an adapter for running in good conditions the system. Normally, we don’t need because the photodiode is adapted. When we run the program, the window is automatically in the middle of the screen and the rolling bars are hidden. It is like all he others Windows programs. Now we will explain the block diagram and all the solutions we have decide to succeed this program.
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A WHILE_LOOP is around all the icons. She only permits to stop the program when the button is activate. Inside, there is a FOR_LOOP and a XY graph. The FOR_LOOP makes what is drew inside. The number of times is indicate by the constant N. This number permits to display several points in the XY graph. In the FOR_LOOP, there are all the icons. They do the acquisition of the inputs, the treatment to find the two numbers (X,Y) to display the points. There are also the parts to prevent the over input voltage.



Acquisition of the data This part is repeated 4 times because the photodiode has 4 quadrants, so 4 outputs. We will only explain one of this part. To acquire a data, we need a special card. The card we have used is the PCI 1200. Normally we must have work with the AT MIO 16E 2, but we had problems of drivers. The PCI 1200 is slowly as the other, and his frequency response is not so good. But the principle of the acquisition with LabVIEW is the same for all cars. When we install the card, we select a channel. A special icon permits to acquire waveforms. We have to indicate the number of the channel and the inputs we want to scan. The output is automatically the level of the voltage. We have used the channel 1 for the card and the inputs AO0 to AO3. So we have to make 4 constants (0,1,2,3). Now, we have acquired our 4 inputs. we will display them to control the level. Then they go into another function. This function is a calculator window. We give values in input and one or more formulas and it gives us in output the result. To find the position of the spot, we have two formulas. One for the X axis and a second for the Y axis. (A+C)-(B+D) X = ----------------A+B+C+D (A+B)-(C+D) Y = ---------------A+B+C+D So in inputs we have our 4 values read on the card, and in output we have the positions on the 2 axis. Then, the two wires go into an adapter for XY graphs. The graph needs only one wire and we have two. So this function permits to join the two axis data. The position of the spot is automatically displays every cycle. To prevent for an “over voltage in input”, we have made a sub program. In the main window, it is just visible by a strange icon, with the shape of an explosion. Four wires arrive in input, and in output, there is a boolean function. When one or more inputs have a bad value, the boolean is TRUE. In the others cases, it is FALSE. The output controls a lamp called 20



“over voltage inputs” and a string. This string is visible when the boolean is TRUE. These two functions permit to show when something is wrong. We have made a sub program in another window of LabVIEW.



We have drew four displays. Then, there are two comparators with –5 and +5. The outputs arrives on a series of logic gate “OR”. The output of this little program is a lamp because it is like a boolean, ON or OFF. To create the icon and the connectors, we have plug the 4 inputs with the 4 displays and the lamp with the output. We have think that this solution is easy because it takes less place on the block diagram. It is an example for modular programming, with some little tasks. When we see this program, we can think that it is very simple to realise, but when we don’t know anything about LabVIEW, it is difficult and takes lot of ours. In particularity the icon to acquire the data with a card. This program functions well. We can also save the points in a text file. We have just to add an icon “save as”, and plug the wires with the XY graph. It can be useful to create a 2D or a 3D picture, with the Z axis from the piezo.



b. The piezo The piezo is a component which permits to give us the displacement in the Z axis. The sample is fixed with the piezo, so when the piezo moves, the sample too. The sample is very small (µm²) so the piezo don’t moves a lot. 21



The principle of the piezo



It is a cylinder (~3cm high and ~1 cm round). Our piezo is divided in 4 parts. There are the X-, X+, Y- and Y+. To move the piezo, we have to applied a voltage in the part we want to move. This voltage is about 250v or 400v. It varies with the degree of inclination. But there is no risk for human because the current is about 1 µA.



We have to do a program to run the piezo. Then we have to measure if the displacement is good, according to the data sheet. So we use LabVIEW output card. We need an amplification (10v to 400v). This part will be explicated in another part of this document.



To test the piezo, we have made a simple program with two buttons. One for the X and the other for the Y. There is a function which allows to have a voltage in output of our card. So we plug our card with the amplifier, and then in the piezo. We can scan a surface if we have two loops. One for the X, and another, inside, for the Y. So, for a X, we have all the Y, and then we change the X, and we have others Y.
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We can adjust this scan (2 dimensions) with the photodiode and have a picture of the sample in 3 dimensions.



Alimentation of the piezo We wanted to carry out the alimentation of the piezo with another card. The schematic is the following:



This diagram made possible to measure the feeding of the piezo. There is a pulse generator, an amplifier, an the component that make the conversion (100340 by FM). The amplifier permits to adapt this hardware with the acquisition card. The aim of this feeding is to reduce the place, because we have a large box and we would replaced it by a small box which contains four amplifiers (X+, X-, Y+,Y-). But we had a problem with the feeding. We don’t have anything on the output. The problem must be that the 100340 is a defective component.
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3. The new card The diagram contains the place of the components with the operational amplifiers, the different ICs and the polarisation of the diodes. The first stage is a preamplifier for the current of the photodiode. Then the signal is amplified to have the level of output wished. Finally, the function (Ia+Ib) - (Ic+Id) is realised for the two quarters of the quadrants of the photodiode. This complete circuit must decrease the noise and the volume, increase the sensitivity.
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4.Possible solutions to continue the project a) Software The next year, the students must create a program to join together all the parts realised this year. That is to say the photodiode program and the piezo program. The aim of this program is to move the piezo and to acquire the data by the photodiode. b) Hardware



The students must finish the new card with the CMS components, test and compare the results got, with those of the old card. They must realise a new feeding for the piezo. This one must be less big, with connections more simple. The students must test the AFM with the new card, the new program and the new feeding of the piezo.
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Conclusion



This training course was enriching. We learned how to use a software we didn’t know. This very powerful software will enable us to solve a lot of problems and to develop applications. Thanks to this training course we could put the assets, learned during our school course, into practice. Moreover, we worked on other things that electronic. We discovered optic with the microscope. It is a matter which we don’t study, but thanks to this training course, I know it a little better. It is important for us to see the applications of electronic and informatic because we see a lot of theory in school.



Moreover, it permits us to discover a new language, a new culture, a new sort of life, a new environment, new people, etc... It is important because we live in European Union and maybe, we will have to work in a foreign country.
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