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Introduction

 The field of scanning probe microscopy (SPM) has become firmly established over the past ten years in a broad range of fundamental science and real application. In its many forms, atomic force microscopy (AFM) allows the quantitative study of topography, adhesion, compliance, and friction, all correlated on the nanometer length scale1. Recent approaches in SPMs have advanced on the simultaneous imaging methods of topography and physical properties or chemical properties such as pulsed forced microscopy (PFM) for mapping the electrical double layer force2, chemical force microscopy (CFM) for imaging functional group distinction3, magnetic force microscopy for mapping magnetic dissipation4, and scanning near-field optical microscopy (SNOM) for imaging localized optical property 5,6. 

Quartz crystal resonators (QCR) are widely used to investigate surface/interface processes and physical property changes, e.g. to monitor mass transfer processes in electrochemistry 7,8, to detect atomic scale friction on surfaces 9, to measure internal stress 10 and to detect phase transition 11,12 in thin organic film. Previous reports showed that the resonant frequency of a QCR does shift when the tip of a scanning tunneling microscopy (STM) 13 and a AFM 14 are scanned over the surface of QCR.

In this report, we will show the measuring method of local viscoelasticity combined with AFM and QCR.

Experiment

Figure 1 shows a schematic diagram of scanning system. The overall setup is similar with the report of Yamada et.al.14 except partial difference

The oscillation circuit used in this measurement is based on the previously reported paper by E. Hwang and Y. Lim 15 though core circuit (oscillation part) for oscillation is redesigned. This circuit is using two-port (reference and work) oscillation circuit and can produce the differential (dF) of these two channels with frequency stability under 0.1 Hz/min. The cantilever used in this experiment was rectangular and made of SiN4 with force constant about 40 N/m. Two quartz crystals of 9 MHz (AT-cut, Au, prepared by sputtering method) are used in working and referential oscillators. The working quartz crystal is placed on the sample stage of the AFM (SPI 3700, Seiko Instruments Inc.). The difference of two oscillating frequencies is monitored by a frequency counter (TR5822 with gate time 0.005 s, Advantest), which has a D/A converter.  The signals from photodetector, piezo scanner and the frequency counter are collected by the AFM controller through subinput channels of the AFM unit. 
[image: image1.jpg]Figure 2 A topographical image (a) and corresponding frequency
shift image (b) scanned by QCR/AFM measuring system.
(Image arca:5x5 um?, scan speed:0.127Hz)



A X-Y recorder(RY-101A, RiKaDenKi Co.) was partly used for detecting the change of resonant frequency during the measurement of force curve. Polystyrene beads (PSBs, mean diameter:0.2 m) was spin coated and heat treated at the temperature of 300℃ during 2 hrs for enhancing the adhesion of PSBs on the quartz crystal. 

Results and Disscussions

 Figure 2 shows an AFM topographic image (a) and corresponding frequency shift image (b) of PS cast quartz crystal when the tip was scanned over the QCR surface in the constant force (3 N) mode at scan rate of 0.1 Hz. In Fig. 2(a), the PSBs are clearly observed but some intersection area of PSBs is not distinguished by the reason of vibration of quartz crystal. Other studies for topographic resolution in the intersection area result that this measurement system has about 30 nm of undistinguished distance especially when two kinds of viscoelastic film are contacted. Frequency shift image of Fig. 2(b) shows that it is possible to distinguish PSBs from gold electrode. In Fig. 2 (b), the PSBs are normally distinguished as lower amplitude except intersection area of PSBs. The intersection area in PSBs has slightly higher amplitude than that of gold or PSBs. This is mainly understood that the tip located between PSBs does not perfectly influence on the frequency of quartz crystal. The line profile analysis, which indicated as A in In Fig. 2, showed a frequency resolution of 80 nm assuming 80 % discrimination compared with topographic image to its resolution. In Fig. 2(b), the frequency shift difference between lowest position and highest position is about 0.15 Hz. 
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Figure 1 A schematic diagram of QCR/AFM scanning system
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