
論文内容の要旨 

 

  X-ray optic systems have been developed for the study of the relative lattice spacings of Si-wafers 

using synchrotron radiation (SR). Since unlike a X-ray tube, SR has no characteristic [wavelength] 

spectral lines, a new tool of (+, +) high resolution channel-cut monolithic monochromators (MM) are 

introduced in the systems as a wavelength selective device. Using two types of MM, two schemes are 

proposed and applied to the study of the lattice spacings of Si-wafes. The lattice spacing differences 

are determined in the range of sub ppm level, for example in scheme-1 we obtain 0.6 ppm and 0.2 ppm 

in scheme-2. One of the practical advantages of this system is that it can be applied for a fast and 

precise measurement of the lattice spacing changes due to the doping and defects in Si, GaAs and other 

single crystals. 

  Lattice spacing measurement of Si and other single crystals is of importance both for fundamental 

solid state physics and applications. For decades, especially Si is routinely used in the semiconductor 

industry as well as commonly employed in beamline optics of synchrotron radiation facilities and other 

x-ray experiments. Much of the works on lattice spacing measurement has been reported using well 

defined wavelength of laboratory x-ray sources. In constant relatively few works have been reported 

using the state-of the art SR x-ray source. 

  Unlink X-ray tube date for which tables of wavelengths of the characteristic spectral lines are 

available, there are no lines in the synchrotron radiation (SR) spectrum. Thus it demands to make 

schemes and data available for precise determinations of lattice spacing which utilize the SR source. 

Thus one of our main motivation is to develop a high precision relative lattice spacing measurement 

system using SR for synchrotron radiation users. One of the main advantage of these systems is that in 

most of the applications purposes, one does not need high accurate absolute value, but only a relative 

high precision value of wavelength. 

 To this end, we have constructed two X-ray optics systems for relative high precision lattice spacing 

measurement of single crystal using synchrotron radiation. In our new optics energy selective (+, +) 

channel-cut monolithic monochromator together with higher angle resolution goniometer with a 

precision of 0.36 arc sec has been introduced. We have designed and fabricated several kinds of MM 

that give a fixed exit beam position and provide a convenient setting of the whole X-ray optics. With 

the current set-up it is simple to make another d-spacing measurement, if need be by simply replacing 

the monochromator with another. In addition to the measurements of Si crystals, measurements for 

other materials such as GaAs crystals can easily be performed. The monolithic double crystal 

monochromator is obtained from a single perfect crystal as a means of obtaining an X-ray beam of well 

defined wavelength. Monolithic monochromator (MM), is in effect a single perfect crystal where two 

sets of Bragg planes play the role of two separate crystals. As the interplanar angle between the 

concerned diffraction plane is fixed in the MM therefore the wavelength emerging from this device is 

highly stable and is extremely stable against temperature variations. The two types of MM allow us to 

propose two schemes for the lattice spacing measurement. Approximately, the precision achieved in Δ

d/d in these systems is in the range of 10-7 to 10-8. 


