INTRODUCTION TO AFM/STM – PHYSCHEM 3493 SPRING 2008
Scanning probe microscopy: AFM and STM 

Atomic force microscopy (AFM) and scanning tunneling microscopy (STM) are new scanning probe -SPM - techniques which are used for physical measurements of surface structure, chemistry, and surface forces – at the nanoscale.  Although there are more than 20 different microscoy (SPM) imaging modes, this introductory laboratory will introduce you to the general operating principles and give you a “hands-on” opportunity to make SPM measurements, by acquiring and analyzing STM and AFM data.  Unlike traditional spectroscopies in chemical measurements, the data from AFM/STM are images of the surfaces, analogous to a photograph or aerial view of a surface contour map.   

Part 1 – Atomic force microscopy (AFM) – 3/11/2008

 Introduction to operating principles discussion (15-20 min)
 Analysis of polystyrene latex beads on the flat surface of mica

 Installing tip, scanner, and sample (PicoPlus and PicoScope Instruments, 2 teams)


 Learning the data acquisition parameters (slow TV) effect of scan rate, gains, set points


 (Contact-mode imaging)


 Characterization: monodisperse PS latex templates on mica(0001) prepared by TA.
 

Measurement: acquire force-distance curves, topographic, force error & frictional force   

Images, cursor measurements
Part 2 -  Data analysis and digital processing software (2D and 3D displays, color scales, 


  cropping images, line profile measurements, smoothing, background correction

  Data analysis: force-distance measurements (15 min)

Part 3 – Scanning tunneling microscopy (STM)


 Characterization: atomic lattice resolved imaging of highly-oriented pyrolytic graphite


 Measurement: current-voltage (I-V) spectroscopy of HOPG

Part 4 – Scanning probe lithography demonstration – writing nanopatterns using nanografting.

Useful websites:
http://www.molec.com/what_is_afm.html
http://www.veeco.com/products/details.php?cat=1&sub=1&pid=204&option=2&#navIII
http://www.nanotech-america.com/
Image galleries:

http://www.almaden.ibm.com/vis/stm/corral.html
http://www.omicron.de/index2.html
http://www.seas.upenn.edu/~bonnell/
http://www.veeco.com/library/nanotheater.php
http://www.asylumresearch.com/ImageGallery/ImageGallery.shtml
http://www.rhk-tech.com/results.php
Write down all activities in the lab-notebook. After all computer operations and data acquisition you must save the files in proper format (bitmaps) that can be opened on your computer!
You will be given several sets of surfaces and molecular objects. The first set is aimed at taking images of these objects and the determination of their size(3D, lateral and vertical)  as well as to describe other properties that you observe-roughness , sharpness texture, and similar features.. The second set will be used to show you how to manipulate the molecular objects using the instruments. 

You will also measure the force using AFM and I-V (current voltage functional dependence using  STM. Save the data and diagrams. You will analyze data and fit functions using Mathematica program.

Lab Reports:
For the AFM lab with polystyrene latex and the STM lab with HOPG, include your processed images and cursor line measurements in the data section.  Provide an outline of the steps used for the AFM and STM experiments in the experimental section.  Write a brief summary of your observations and measurements.

Questions – AFM 

1. Draw an instrument diagram for AFM.  (hint: use the internet) 

2. What is a contact-mode image?

3. What is a frictional force image?

4. Explain the following SPM terminology:   piezoceramic, feedback loop

5. Provide one of your force-distance plots, and calculate the amount of force used for imaging.

Questions – STM

1. Draw an instrument diagram for the STM scanner.

2. As best you can, explain the imaging principle of STM.

3. Provide a print-out for several of your best STM images of HOPG, showing different magnifications.

4. Use cursor measurements to show the lattice parameter and angles for the atomic lattice of HOPG.

5. What is the structural model and lattice parameter for HOPG? (hint: find it on the internet)
