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Current status and development trends of neutron depth profiling

ZHAO Liang XIAO Caijin YAO Yonggang WANG Pingsheng JIN Xiangchun
(Department of Nuclear Physics, China Institute of Atomic Energy, Beijing 102413, China)

Abstract  Neutron depth profiling (NDP) offers unique advantages in the measurement of element depth
distributions, characterized by its high sensitivity and non-destructive nature. This article presents an overview of the
principles and data processing methods employed in NDP technology, followed by a comprehensive comparison of
various NDP devices and their corresponding parameters on a global scale. Furthermore, potential avenues for
upgrades of NDP devices are explored. Given the remarkable sensitivity and non-destructive attributes of NDP
technology in detecting °Li, it proves particularly well-suited for in-situ measurements in lithium batteries, rendering
it an invaluable tool for research in this field. The article underscores the application of NDP in lithium battery

research whilst its utilization in high-temperature alloys, semiconductor materials, and nuclear materials is introduced

as well.
Key words

temperature alloys

HTH 2, T BSR4 RN
T A 2252 2 A 7 B s2 e, X Fp v i A 45 A -5 T
[ 137 3 A & BRI U . IR BE, P B & PR
5263 DLSORS I b X 2 B ATT I R A7 2 1 RE 0T
1972 4%, Ziegler S 5 HEAT - 5 AR 23 44 il 2% o3 vk

WG B SCREIE L4 9 (N0.BJ22003001) 73 B

Neutron depth profiling, Lithium battery, Nuclear materials, Semiconductor materials, High-

JE£ R0 52 P O e — B oS R R AR e M IR I 3R
[ TC IR RAE A, o] F Tl 2 — 2842 0 K FE BE IR
FEARAIR 3 A0, X TP AR S5 A FRAE b1 % B2 1 1T
43§ (Neutron Depth Profiling, NDP) . NDP Hg X JL
FAERAATRE SR A AR ZR TR T UROK BEAT BRI P g

iR BEE, 5, 19994F A, 2021 SR TR HUR RS, BB, B FEUE0A - IR B 3 boR

EEEE: M4, E-mail: cjshaw@ciae.ac.cn
R H A 2023-01-09, &[ETHHH: 2023-03-19

Supported by Continuous-Support Basic Scientific Research Project (No.BJ22003001)

First author: ZHAO Liang, male, born in 1999, graduated from Nanjing University of Aeronautics and Astronautics in 2021, master student, focusing

on neutron depth profiling
Corresponding author: XIAO Caijin, E-mail: cjshaw(@ciae.ac.cn

Received date: 2023-01-09, revised date: 2023-03-19

070001-1


https://dx.doi.org/10.11889/j.0253-3219.2023.hjs.46.070001
mailto:E-mail:cjshaw@ciae.ac.cn
mailto:E-mail:cjshaw@ciae.ac.cn

% AR

2023, 46: 070001

2, I YR T HER 0T IAE20 nm, WKL R 2
3x10° mg-dm~. Biersack 55" ¥ it~ IR FE 51 T 4
ARFAT THF. HET, PR R R % I &
FE ST R TH 5~50 pm MRS, 73 HERATIE 5 nm™,

o UR BB T R R 2 N B 3R S 4
PERL T o AT LB H I DA R AZ M R . 1992 4F,
Soni £ i YR T JRE AR R R ) T 5 A
AN e A & Y 40 AT 5 Ziegler SR IR
o R R R TR AR B FH T i N AR A
(15347 ;s Lamaze 55" B IR AE L EUAR 8 2 2 15 A R
HH R ) T AR ) s , Rt — DR A
o e 5 PR ARk PR AR 1 ) P A R R R TR R [
I RE 7 AR AN UL S B A (LIPOND H 1) 23 A 5 7E
2011 4, Oudenhoven 25" 1 YK UEHH T NDP $5 AR A] DA
TE I A7 [ 2 Y0 5 Pyt v o A5 ) o ) R 2 A DA
N e R AR A AR Ak . A, NDP HEAR
TEM G oK g o JE R 7 Tt B EEAEHY . A
SCULER TR IR EE T A M BRI R B, A 28 5
34> NDP 25 B , ¢ %t NDP I FH 32547 28451 1 BH
FEXT NDP EOR )R i st AT R 2.

1 BREBRAE

W UR BT 3 AT 2 55 T He LinBe BE5 0 &
(%H — MR ZOAF IR T )5 DR B s & &
(B (ny o) S0 HEHRS T (p B @) B85 11
Bhae, v AR T (%) & 1% 8 fE & 5E » Wk
R AR AT B B ot 3 THD T RE AR U 17 B U )
e

R TR 5 RE AR 2 (A A58 R FATTAT LU 5K
(1)RFER:

x=f"wmw) )

E(x)

EVG ARR Y A8 AR S UR E LY KR S S N Y Oy =t
THIHTE RE 5 £ Qo — IR B kT RE = SR
RAPBHBLIEAATT . A it A4 ORE K BE L AR 401 3 ZE I ok
TH AL, 5N SRR TR, BT RN
L ZUA G A SCIRIRIE" s X TR G R
BHLLEASAIEE 500 BT o5 (0 AR 537 A SELAH L )
BHAEAAS W] QAT 5

Si=>wS, )
i=1

Ao s SR PH LA v ARRAR AR D B i RN IR G
MR AR A 7 .

i LB R B, DA 5 CLi RN BT A
T AR, 8 i B 8 A4 (The Stopping and Range of
lons in Matter, SRIM) 13 2| 4] 4 ¢ &~ 2 727 keV
(2 055 ke V) I *H Co KL 1)KL ERE it b 2 i — T8 I
G IRE R A . WX EeREE o m g TS iR
WG ER 215 2 Re R . 18 o B R
an R FE S 800 LA 3 1A IR B — Re B AH G . 1 £
o PR ECHAR AT IS, T AR BIIREE—RE & K
FHIZ 1D o BN KX T Bk B AT 21 B, A2
pir I B IS 2 50— AN IR FEE 23 A (R bR HEA o 2k 47 )
I RS S BT BRSO AR ] BT DURE b e 3R iR L
5O MmBtraEY) BUR BAAE LR R, I (BLE B
bR #ED o o)) X (3) o 45 2 H bk 7o 2 1 1 K
J& » ¥ H 5 TE B O B ) JE AR EE , B AT 45 2 4E — 8
PR Li RIS . 456 FR IR -Re 2 %1
AT LK NDP il & e 1% %46 Dy B Ax 76 3= K -1
FEp A o FE I B b 75 5 FE AN R i R FE AR
#HE DA% fie AR v I R by SR (R AN 5 FEE PR S

D, %0,
Dy=——m"%% 3)
Li °Li
Ay % Cog X 0y

ot D AR — R TLE WL atoms - om s C H it 4
5, counts* s 4 A °Li HIF s o P TR A

cm’o

x1 PFREFESRAERNNERERLZENTFFRRE™

Table 1 Neutron capture reactions occurring in the detection of different elements by neutron depth profiling

[12]

1% 2 Element F ¥ Abundance / % A2 BRI T8 & Particle energy / keV S N5 TH Cross section / b
He 0.000 14 b (572) + °H (191) 5333
“Li 7.5 *H (2 727) + *He (2 055) 940
"Be Radioactive p (1438)+"Li (207) 48 000
vg 19.9 ‘He (1 472) + 'Li (840) + y [93.7%)] 3837
*He (1 777) + Li (1 013) [6.3%]
N 99.6 MO (42) + p (584) 1.83
"0 0.038 “C (404) + “He (1 413) 0.24
“Na Radioactive *Ne (103) +p (2 247) 31 000
59 0.75 “Si (411) + *He (3 081) 0.19
sl 758 S (17) + p (598) 0.49
oK 0.012 “Ar (56) + p (2 231) 4.4
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Depth-Energy Calibration
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Fig.1 Depth-energy calibration curve
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Fig.2 Delamination of the Lithium-containing portion of a sample’
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Fig.3 Structural diagram of NDP device (a) and snapshot of NDP setup (b) in CARR"**"
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Table 2 Parameters of NDP device in CARR"**"!

ZYi# A System constitution

Z & Parameter values

SB% A K} Target chamber material

304 ANF4R 304 stainless steel

% 5] Target chamber size / cm? 050x60
H 2 Vacuum degree / Pa 3.4x10°
Ff i ZU& Number of samples 6

FEM R 5 PR /A Angle between sample surface and neutron beam / (°) 45

HF ¥ BT Neutron beam spot / cm 1.0

Ff i S ERIZ% A 2 Distance between sample and detector / cm 10~17
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Fig.4 NIST-NDP device (a) and internal chamber components (b)""!
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Table 3 Comparison of parameters of NDP system"'

HL5E S Neutron WP Beam

flux /n-cm™s™ spot / mm’
JRR-3 (Japan) 1.8x10° 20%20
NIST (U.S.) 1.2x10"° 10x10
FMR 1I (Germany) 10° 20%30

3x10° 11x16
CARR (China) 10° 10x10
CMRR (China) 2.1x10° 40x40
Ohio State Univ (U.S.) 8.6x10° 30%30
HANARO (Korea) 1.84x10* 20%20
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Fig.6 Structural and principle diagram of the detector'”
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