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Abstract
Scanning tunneling microscopy (STM) is one of the most powerful, versatile, and easy to use techniques for surface characterization. Besides in physics, its application to materials, chemistry, and biology is also of great interest since the appearance in 1982. Especially, in my focused surface area, STM is more favorable to investigate the typography at the cleave surface of layered perovskite in transition metal oxides. 
1. Introduction to STM 
In 1982 the first STM in the world was invented in IBM Zurich Research Laboratory in Switzerland by G. Binnig and H. Rohrer, who were awarded the Nobel Prize for physics in 1986[1]. After more than two decades development, STM has become more and more wide used in laboratories in physics, materials, chemistry, and biology field via its characteristic unprecedented resolution and gradually simple manipulation, especially in recent nanoscience. Actually, Richard Feynman once foresaw the tremendous potential when our research enters into the nanometer scale in his address “There’s Plenty of Room at the Bottom” at Caltech in 1959[2]. STM is a powerful tool to exploit these emergent miracles in nanoscience and speedups the coming of nano-era. 
2． The principle of STM
As we know, tunneling is a quantum mechanical effect. In quantum mechanics a particle with energy E can penetrate a barrier V>E (Fig. 1). 
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Fig.1 One-dimensional tunneling junction. The wave function of tip and sample overlap. When a bias voltage is applied, electrons can flow from the tip to the sample or from the sample to the tip. The barrier height is approximately determined by the work function. 
We can get the wave function 
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 in the classically forbidden region, it decays exponentially, 
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Where m is the mass of the particle and
[image: image4.wmf]Js

34

10

05

.

1

-

´

=

h

. The barrier is given by the vacuum gap between sample and tip. Then the tunneling current 
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 can be calculated by taking into account the density of states of the sample,
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, at the Fermi edge:
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where the barrier height 
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 is in eV and z is in Å. With a typical barrier height of
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, which corresponds to the work function of gold, the tunneling current decays by an order of magnitude when the vacuum gap is changed by one Å [3].
The basic physical principle in STM is the interaction between the scanning probe and the sample. The most powerful interaction is the tunneling current across a vacuum gap because the decay length is as small as an atomic diameter and excludes other electrical current flowing through the vacuum which could affect the measurement. It’s very important to choose suited tips for STM in different measurement on surface. Typical tips can be obtained from electrochemically tungsten wires, its tunneling current are order of 1 nA, thus require a low-noise current-to-voltage converter with high amplification. The tip needs to be positioned with an accuracy of 1 pm for atomic resolution. It can be achieved by means of piezoelectric actuators. For the sake of vibrational isolation the tip holder, sample holder, and actuators must be as rigid as possible. In addition, STM is based on computer, which provides the signals for scanning and collects, stores, and displays the data. As shown in Fig.2, the most used frequent mode is the constant current mode, which can actually acquire a map of constant density of states that is recorded, and this may differ from the geometric topography [4]. 
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Fig.2 Constant current mode. The piezodrives Px and Py scan the metal tip M over the surface. The control unit (CU) applies the appropriate voltage Vp to the piezodrive Pz for constant tunnel current Jt at constant tunnel voltage Vt. For constant work function, the voltages applied to the piezodrives Px, Py, and Pz yield the topography of the surface directly, whereas modulation of the tunnel distance s by 
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 gives a measure of the work function. The broken line indicates the z displacement in a y scan at (A) a surface step and (B) a contamination spot, C, with lower work function. 

The other mode is constant height mode which refers that on smooth surfaces, faster imaging can often be achieved by measuring the tunneling current while scanning on a given, smooth x-y-z contour, e.g., a plane parallel to an average surface portion. The (x, y)-movement of the tip is controlled by a computer. The z-position (output of feedback loop) is measured at discrete (x, y)-positions. The data 
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 can be displayed in several ways: line-scan image, grey-scale image or color encoded image. Among them grey-scale or color encoded are frequently used for their better adaption to human pattern recognition. Bright spots represent hillocks or protrusions and dark spots represent valleys or depressions. The advantage of the constant height mode is that high scanning rates can be achieved, e.g., to observe dynamical processes. However, thermal drift limits the time of the experiment and there is an increased risk of crashing the tip. 
3. The application of STM
Because of its powerful capability in nanoscale field STM is a necessary tool to obtain accurate experimental topography in many fields, especially in biology, chemistry, and materials. The most successful example is applied to solve the mysterious characteristic of 
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 reconstruction in Si(111) once the invention of STM. STM typography shows that characteristic of the rhombohedral surface unit cell are the corner hole and the 12 maxima, the adatoms. In the processed image, the six adatoms in the right half of the rhombi appear higher. This is an electronic inequivalence on the surface owing to structural left-right inequivalence in the underlying layers. The reconstruction extends undisturbed to the immediate vicinity of the large “atom hill” on the right [5].
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Fig. 3 
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 reconstruction of Si(111). (a) Relief assembled from the original recorder traces. And (b) processed image of 
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 reconstruction of Si(111).
From the invention of STM its high resolution has also attracted biologists to investigate the biological systems under fluid condition in a very direct way. The first attempt to visualize a biological macromolecule by STM was done as early as 1983. Binnig and Rohrer succeeded in taking an image of DNA deposited on a carbon film evaporated onto a silver coated silicon wafer [6]. R.J. Driscoll et al reported that from their topographic STM images of uncoated duplex DNA on a graphite substrate obtained in ultra-high vacuum show double-helical structural, base pairs, and atomic-scale substructure [7]. 
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Fig. 4 a, Unsmoothed, unfiltered plane-subtracted STM image of DNA ~80x120 Å (400x250 data pixels). b. Model of the Van der Waals surface of A-DNA derived from X-ray crystallographic data, scaled to a.
4. STM related to my project
In the surface field defects always play a crucial role in the formation of nanoclusters on the surface because the interactions between surface defects and nanoclusters will always affect the local charge redistribution. For example, the surface of rutile TiO2 is a typical model system to investigate structures and properties of transition metal oxides as a high purity single crystal. Recent experimental observation on surface reconstruction of TiO2 (110) was done in our group by M. H. Pan et. al. via STM[8]. They found that the surface reconstruction was driven by Ti interstitials on TiO2 (110). These Ti interstitials form the edge- or face-sharing octahedral that serve as building blocks for (
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) reconstruction. 
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Fig. (5) STM image of a strand (1.2V; 0.5nA) with the height profiles across (left, dotted line) and along (right) the line defect. 
Another example is to investigate the local structural and electronic properties by performing in situ STM measurements at the cleave surface of Ca2-xSrxRuO4. Ca2-xSrxRuO4 is a layered perovskite system that can be cleaved without changing the composition. When x=0, it becomes Sr2RuO4, which is a p-wave superconductor and the only known layered perovskite without copper that exhibits superconductivity. Scanning tunneling microscopy images show extremely large flat terraces with an extension of up to 10
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[Fig. 5A]. All step heights [Fig.5B] are integral multiples of half the unit cell height (6.4Å) shown in Fig. 5C [9]. 
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Fig. 6 (A) STM image of a 4
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 surface area showing extremely large terraces and steps. (B) Height along the line scan shown in the STM image. (C) Ball model of the bulk unit cell of Sr2RuO4. Red, strontium; blue, oxygen; and green, ruthenium (in the center of the octahedron).
5. STM extension & Conclusion
Following the invention of STM the scanning near-field optical microscope (SNOM), the atomic force microscope (AFM), and others microscopes with different force derivatives in atomic scale are developed. Each is suited for solving a specific class of problems in a given environment, such as Maxwell stress microscopy, scanning electrochemical microscopy et. al. 
In summary, STM is one of the best techniques to resolve currently novel phenomena happened at an atomic level, and higher resolution will be achieved in future. 
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