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10B4C Thin Films for the Next Generation of Neutron Detectors
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The 

3

He-crisis urgently requires a new generation of large area neutron detectors for

neutron research facilities like the European Spallation Source (ESS) or in radiation

scanners at, e.g., airports. Here we present neutron converting thin films that can

replace 

3

He in the next generation of neutron detectors. The films consist of 

10

B-enriched 

10

B

4

C and are developed using materials theory, advanced diagnostics

techniques, and industrial production processes. A full-scale detector at the ESS

needs in total ~1000 m

2

 of two-side coated Al-blades with ~1 μm thick 

10

B

4

C films. We

show that it is possible to produce large areas with excellent adhesion, high film

purity, and low costs from 

10

B

4

C targets in an industrial DC magnetron sputter

deposition (PVD) system. We also report about the developments of thermally

activated and plasma enhanced chemical vapor deposition (CVD) processes. The

coatings have been characterized with techniques including SEM, TEM, ERDA,

ToF-SIMS, XRR, and neutron scattering. Substrate temperatures of 400 °C result in

PVD films with a density close to bulk values and good adhesion to film thicknesses

above 3 μm. The 

10

B content is close to 80 at.%, i.e. full isotope enrichment, with

impurity levels of less than 1 at.% of H, N, and O. The residual stresses decrease with

increasing substrate temperatures. Neutron radiation hardness tests promise a

lifetime of many hundred years in a detector. Parallel simulation work supports the

experiments. Several detector prototypes with 

10

B

4

C thin film technology have been

tested for their neutron performance and, in collaboration with the ILL detector group,

two full segments are or have been built as technology demonstrators for the existing

IN5 and IN6 flagship instruments at the ILL in France, respectively. Neutron detection

efficiencies equivalent to 

3

He technology were obtained. Compared to 

3

He, the new 

10

B technology promises superior resolution in time, energy, and space and has the

potential to replace most 

3

He-containing detectors at the ESS, where the first

neutrons will be produced in 2019.
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