
Fig.5. (a) Current density (J)–voltage–luminance and (b) J–
current efficiency characteristics of OLEDs. 

Fig.6. Energy diagrams of (a) PTPD/eEML/eTPBi, (b) 
PTPD/sEML/eTPBi, and (c) PTPD/sEML/sTPBi. 
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Novel Neutron Reflectometry with Imaging Capability 
Kenji Sakurai 

National Institute for Materials Science

ABSTRACT 
A promising novel technique has been developed to visualize the inhomogeneity of 
buried layers and interfaces in thin films non-destructively. The present technique gives 
real-space neutron image corresponding to positions in the sample, by combining the 
image reconstruction method and neutron reflectivity, which is extremely sensitive to 
the layered structures. It has become possible to obtain neutron reflectivity profile at 
each local point in the sample, without the use of micro beam. 
Keywords: surfaces and interfaces, multilayers, neutron reflectivity, buried interface, 
projection, visualization, image reconstruction  
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Fig. 1 (top). Selected neutron reflectivity images in real space (31mm× 
31mm) as a function of qz [×10-3 Å-1], which are labeled on the top. Each qz
corresponds to the wavelength of neutrons collected at the same reflection 
angle. The right schematic figure shows the metallic patterns (light and dark 
gray correspond to gold and nickel, respectively), and the whole area is buried 
under the uniform titanium film. Though no contrast is observed at lower qz,
the contrast becomes clear at between qz, of 10 and 18 [×10-3 Å-1], which 
corresponds to critical scattering vector qc for silicon and nickel, respectively. 

Fig. 2 (left). Examples of neutron reflectivity profiles extracted from specific 
region of interests (ROIs) in the sample.  Dashed lines indicate the critical 
scattering vector qc for silicon (10), gold (14) and nickel (18). The top 
reflectivity curve (closed circle) corresponds to the case that ROI is set as the 
whole area, which corresponds to the conventional neutron reflectivity data. 
As clearly seen, such ‘averaging’ leads to wrong conclusion, while the present 
imaging technique can provide local information, as shown in other 4 curves 
obtained from some specific ROIs in the sample.
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Fig. 3. Schematic view of the experimental setup (side 
view) at BL17, J-PARC MLF.  ES: two dimensional 
entrance slit, 0.15 mm (H) × 30 mm (V); S: Sample; RS: 
two dimensional receiving slit, 0.15 mm (H) × 70 mm 
(V); CM: 31 slots×2 coded mask (see Fig.4); D: 3He
detector.  In the neutron beam path from the moderator 
to the sample (15.5m), 6 slits (including ES in this 
sketch) is used to control the angular divergence 

Fig. 4. Examples of sinogram (left, qz= 16.9×10-3 A-1) and reflrectogram 
(top, taken at =170 deg.), both of which are raw experimental data.  

Fig. 5. Schematic of Hadamard coded mask (31 slots, 2 repetition, negative 
pattern). The colored and white parts are closed (with cadmium) and open 
(without cadmium), respectively. The width of each slot is 1 mm
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