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Development of neutron depth profiling system at CARR
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Abstract [Background] Neutron depth profiling (NDP) is a non-destructive near-surface analysis technique and it
is widely used in characterization of polymers, semiconductors, alloys, lithium ion battery materials, photoelectric
materials and many other materials. [Purpose] This study aims is to develop NDP system to obtain the depth profiles
of several crucial light nuclides (e.g., °Li and '°B) in nearly any substrate. [Methods] Based on the cold neutron beam
of China advanced research reactor (CARR), a NDP system was developed with vacuum reached 3.4x10~° Pa and
neutron flux rate of 4.8x10% cm™ - s™'. The standard reference material (SRM-2137) sample was used to test the
performance of this NDP system. The measured a -particle spectrum was calculated by the inversion iterative
algorithm to obtain the depth profiles of crucial elements. [Results] The experimental results show that the simulation
results of SRM-2137 agree well with the experimental results. The maximum error is less than 4% at each layer of
5 nm thickness. The peak depth is very close to the reference value (188 nm). The depth accuracy is 0.53%.
[Conclusions] Established CARR-NDP system and relevant experiments and data analysis techniques have been

verified. The system will be further applied to investigating the lithium ion batteries, multilayer films and high-
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Fig.1 Layout of the CARR-NDP system
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Table 1 CARR-NDP system parameter

ARG, ZHH
System constitution Parameter values
HUEM R 304 NN

Target chamber material 304 stainless steel
158 ] <J Target chamber size 250 cmx60 cm
HA%JE Vacuum degree 3.4x10° Pa

FF i £ 5 Number of samples 6

FE i LT 5 7 A B2 Angle between 45°

sample surface and neutron beam
H 7 HBE Neutron beam spot
FE i SR 25 2R

Distance between sample and detector
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Table 2 Detection system parameters

ZHE

Parameter values

RYLH AL

System composition

RN #8745 Detector type BU-013-150-300

R A5 24 A Detector active area 150 mm?
¥EJLE )2 Z Depletion layer thickness 300 um
YEJZ )R JE Dead layer thickness <50 nm
5 % FWHM 13 keV

(Full width at half maximum) (**'Am, 5.486 MeV)
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Table 3 Standard source related parameters

SHAR SHIH

Parameter name Parameter values

2 Am 5 % 2 Am radioactivity 40.5 s (2msr)™
2Py i & *’Pu radioactivity 50.3 s (2msr)

2 Am JE /N Am source size 025 mm
29py Y K/ *Pu source size 220 mm
R %8 K /)N Detector size 213.82 mm

PR 2% 55 bR #E Y5 PE B Distance between 11 cm
detector and standard source

FRIM 34 % Detection efficiency 0.187%
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Fig.5 SRM-2137 spectrum
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Fig.6 The smooth spectrum after subtracting the background
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