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INTRODUCTION 

Research on applications in various fields have 

progressed as a result of the development of soft X-ray/ 

X-ray sources [1-6]. There is still a strong demand for 

cheap, large, easy-to-use, fast, and high-spatial and 

temporal resolution imaging device for diagnostic 

devices to evaluate optical characteristics of light sources 

in this short wavelength.  

Previously, we have evaluated the optical properties 

of ZnO as a fast scintillator. We succeeded in shortening 

its emission lifetime and rise time to around 3 ps by 

intentional impurity ion-doping[7-13]. We also 

succeeded in evaluating the beam profile of the soft 

X-ray laser by analyzing the emission pattern of ZnO 

crystal[14]. These results indicate ZnO crystal is a 

potential high-spatial resolution in-situ imaging device in 

EUV region. 

In this research, we develop the spatial resolution 

method of ZnO crystal as imaging device in soft X-ray 

region. We recorded the emission pattern of the soft 

X-ray laser at Japan Atomic Energy Agency (JAEA) 

focused by Fresnel zone plate (FZP), which can make the 

laser radii around 1 µm. 

EXPERIMENT 

The experimental setup was almost same as the 

previous experiment[14]. Therefore, we only describe the 

important points and the difference from the previous 

setup. The ZnO crystal, which is a 10x10 mm square 

having a 1-mm thickness was polished on both surfaces. 

The soft X-ray laser was focused onto the ZnO sample 

by a 1-m focal length Mo/Si multilayer spherical mirror 

and FZP. FZP was shifted along the propagation 

direction of the soft X-ray beam in 1-mm increments, 

essentially changing the spot size at the ZnO surface. The 

emission pattern originating from exciton recombination 

in ZnO was magnified by a Schwarzschild objective lens 

(Ealing 25-0514), a camera lens  (UV-NIKKOR) and 

two lenses which were inserted between the 

Schwarzschild objective lens and the camera lens as a 

telescope to improve magnification. The magnified 

image was detected by EB-CCD (Hamamatsu photonics 

C7190). We also evaluate the spatial resolution of 

magnifier which consist of the Schwarzschild objective 

lens, the camera lens, two lenses and CCD camera by a 

USAF test target which was set the same position of ZnO 

from the Schwarzschild objective lens.   

RESULTS AND DISUCUSSIONS 

A Emission pattern with FZP focusing is shown in 

Fig. 1. The emission pattern is not as clear as those 

obtained with spherical mirror focusing because of the 

large F number of the FZP. However ZnO emission 

intensity is still intense enough to obtain a single shot 

image. The beam radius, which was estimated from the 

half width at 1/e2 of the maximum of a Gaussian fit to 

the image of the ZnO emission pattern, was less than 10 

µm in the horizontal and vertical axis, respectively. This 

value is larger than the expected 1-µm beam radius of the 

soft X-ray focused by FZP. In order to investigate the 

reason behind this, we have evaluated the spatial 

resolution of the magnifier, which consists of the 

Schwarzschild mirror, two lenses and camera lens. Fig. 2 

shows a obtained USAF test target image. We can 

distinguish the stripe of Group 8 Element 2 clearly. This 

indicates that the estimated spatial resolution of the 

magnifier is about 3.5 µm. Therefore, one of the reason 

is a spatial resolution limit of the magnifier. However, 

this cannot explain the reason completely. At the moment, 

the other reason behind this is unclear and would warrant 

 

Fig. 1 Emission patterns by using Fresnel zone plate as 

a focusing mirror. White circle indicates the patterns. 



further investigation by possibly improving the ZnO 

crystal and optimizing the magnifier optics as mentioned 

previously. 
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Fig. 2 The USAF test target image recorded by the 

magnifier. 


