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Fabrication of X-ray Grating Using X-ray Lithography 
Technique for X-ray Phase Imaging 

 
Daiji Noda, Hiroshi Tsujii, and Tadashi Hattori 

Laboratory of Advanced Science and Technology for Industry, University of Hyogo 
 

Abstract 
X-ray radiographic imaging technique is very important in medical, biological, inspection, 
material science, and so on. However, it is not enough to obtain clear X-ray images of samples 
with low absorbance materials, such as biological soft tissues. Then, we have used an X-ray phase 
imaging method of an X-ray Talbot interferometer. In this method, X-ray gratings were required to 
have narrow pitch and high aspect ratio structure. Therefore, we have developed and fabricated 
high aspect ratio X-ray gratings with a pitch of 5.3 μm, a height of 30 μm, and a large effective 
area of 100 mm × 100 mm using X-ray lithography and narrow electroforming technique. In this 
paper, we discuss the fabrication process of X-ray gratings and results of X-ray phase tomography 
using an X-ray Talbot interferometer with these X-ray gratings. 

 
Introduction 

X-ray radiographic imaging technique is very 
important in medical, biological, inspection, material 
science, and so on. However, it is not enough to 
obtain clear X-ray images of samples with low 
absorbance materials, such as biological soft tissues. 
On the other hand, several methods for generating 
radiographic contrast from the information of X-ray 
phase shift have been investigated. It is improvement 
in the high sensitivity by about 1000 times higher 
than by conventional absorption contrast. 

Numerous researchers have studied a variety of 
methods of phase imaging [1,2]. X-ray Talbot 
interferometer (XTI) is one of the methods of X-ray 
phase imaging [1]. It offers many advantages: a) it is 
a very simple setup using two gratings; b) it does not 
need a high mechanical stability; c) a widely area 
imaging is possible; d) a detector for imaging does 
not need a high resolution, and e) it functions with a 
broader energy band width much than in the case of 
using crystal optics. Therefore, these advantages have 
made the XTI attractive for application in medical 
diagnostics. In order to use 10-40 keV X-ray 
irradiation, the Au thickness of absorptive material 
must be over 20 μm. But, it is not straightforward to 
make this structure with high aspect ratio by 
conventional techniques. Then, we have tried in 
fabricating such X-ray gratings particularly with a 
large area (100 × 100 mm2) using X-ray lithography 
technique. 

 
Fabrication of X-ray mask 

First, we fabricated an X-ray mask for grating 
patterns. For large effective area of X-ray grating, we 
developed a large area X-ray mask structure. Figure 1 
shows fabrication process of X-ray mask for X-ray 
grating pattern with pitch of 5.3 μm [3]. A titanium 
film was formed on Si substrate by sputtering to 
serve as electroforming of Au absorptive material. 
Next, negative type photoresist of SU-8 was spin 
coating and patterning by ultraviolet (UV) 
lithography technique. In this research, a pitch of 5.3 

μm and a height of 4 μm resist pattern were 
fabricated. Au was formed into resist structure of 
narrow lines by electroforming. And, we have used 
SU-8 as membrane because of large effective area X-
ray mask. In this study, SU-8 was spin coated at 40 
μm thickness. We attached a SUS frame on 
membrane in order to support X-ray mask. Finally, Si 
substrate and Ti seed film were removed by wet 
etching with potassium hydroxide (KOH) and 
buffered hydrogen fluoride (BHF) solution, 
respectively. We succeeded in making X-ray mask 
with pitch pattern of 5.3 μm and large effective area 
of 100 × 100 mm2. 

 

 

I. Seed layer deposition

II. Resist patterning

III. Electroplating of 
absorptive material 

IV. Membrane coating

VI. Si wafer removing

V. Frame bonding

VII. Seed layer removing

frame

Si Ti resist

Au membrane

Fig. 1: Fabrication process of X-ray mask 

Fabrication of X-ray grating 
The X-ray lithography using synchrotron 

radiation has been utilized for 2.5-dimensional 
applications on flat substrate. Therefore, we took 
advantage of this technology to fabricate a high 
aspect ratio structure required for X-ray gratings with 
a pitch of several micrometers. For X-ray lithography, 
we used NewSUBARU beamlines 2, which is the 
synchrotron radiation facility owned by our 
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