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B Neutron imaging

REH oy 81

B Neutron monitor B Neutron activation technique
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ENDF/B-VII Incident-Neutron Data
https://t2.lanl.gov/nis/data/endf/endfvii-n.html
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FS + EFEART

semiconductor

material unit cell
_J unit cell
yi
z ¥ . ) 1
o o oo o W Si wafer +°LiF or 1°B
X — -— —
\ - | o ‘ o O
- o O
holes filled
with neutron ) -

reactive material

McGregor, et al. NIMA: 2009,
606(3): 608.

)
etched / /‘
holes / \|| J
semiconductor slots or trenches X
material filled with neutron
neutron o

reactive material ¥

B 9B was deposited by
CVD on Si wafer

Shao, et al. Applied Physics
Letters, 2013, 102(6): 063505.

» Thermal neutron detection efficiency of 48.5% using a 50 um pillar array

72N v DEPT. OF
() ¥ Mt ZHF S 5
\-\',LL/./ NORTHWESTERN POLYTECHNICAL UNIVERSITY

Materials Science & Engineering



=

2. ARNE

+ CZTHhFiRISE

+ EF6LilnSe2 BRI F 7SS
. EIERRPFRIASEHREK

X > NORTHWESTERN POLYTECHNICAL UNIVERSITY

DEPT. OF
6 Materials Science & Engineering



2.1 CZTH#F
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Element (nature
Abundance)

3He oLi ( 0B ( 113Cd (

(0.00013%) 7.59%)  19.9%) 12.22%)

Capture cross section for
thermal neutron(barns)

wCd + on = 'Cd* -

5333 940 3837 20600

wCd + 0y 9.043 MeV

ENDF/B-VII CD-113
Principal cross sections

108 '

|

|

Cross section (barns)

~ —tofal

absorption

elastic

| |
10% 10° 10* 107

Energy (MeV)

10°

113Cd

558 keV (74%)

2 1-5 AFEIR O R v ATLRRE B AT LR (>1%)
Table 1- Transitions of intensity (>1%) for excited compound *Cd nucleus as a result of neutron

capture.

Ege\a’) 1(%) E(keV) I(%) EkeV) I(%) EkeV) I(%) EkeV) I(%)

‘ 558.4 ’ 74.4 651.2 14.1 805.8 5.11 1364.3 4.64 576.1 447

7253 4.46 1209.7 4.15 1399.6 3.45 58246 295 16604  2.79
2660.1 2.77 1489.6 2.38 12835 1.69 2550.1 1.53 654.55 1.33
95.9 1.25 748.39 1.21 2999.7 1.18 707.42 1.16 5433.1 1.16

1305.8 1.14 2767.5 1.14 18263 1.10 1370.6 1.08 1301.2 1.03
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3500 Ll L} L} L] L} T L]
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Bias: 1500V
FWHM:3.80
Resolution:6.32%

Net Count Rate:
1114.44cps@59.5keV

(b)

1400

20 40 60 80 100
Channel
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200

Equation y=a+b*x

Intercept -2.699+0.5

Slope  1.846+0.00
Adj. R-Squ  0.99998

(d)

0
0
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2.1 CZTHrhFARsE CZTHRMZE MR TR

O . . polyethylene cathode
Schematic diagram ]
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Cross section (barns)

ENDF/B-VII LI-6
Principal cross sections

Tupitsyn et al. J. Crys.

10" 107 10 10° 107 10° 10° 10¢ 10° 102 10" 10° 10’ Growth, 393 (2014) 23-27

Energy (MeV)

n+°L—a+ 3T+ 4.78MeV

» Both of active layer and detector;

» Large neutron capture cross-section;

» Better n/y discrimination ability.

Hard X-Ray, Gamma-Ray, and Neutron
Detector Physics XVIII. SPIE, 2016, 9968

IR

LISeS@fk « N
alphaf+
e
aeccea NN N
2ot +++ +
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FoLilnSe, BRI T ERNIES

B LISerr—FAR NSS!

¢ EEBNMIRERLNE, MREXRLNE, HPALE. STREXFE. BiimAE
, RMDATIFRMUEHIT T HILHIIRGE,
& FERAAXAEFIRILISeFRNZR =TI TR FAR, EIDHFERARIZ00 pm, 45
BASICIZHAER, LI 7RPFAEDH#)VF200 pm
Nucl. Instrum. & Meth. A, 2016, 833: 142. & J. Imaging, 2018, 4: 10.
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B VB method from a melt

Melting point: 900-920 ° C

L

1 4

 j

Hard X-Ray, Gamma-Ray, and Neutron
Detector Physics XV. SPIE, 2013,

8852.

0

. SEREERLE
L| 24INg 925€5
Journal of Crystal Grovvt 2014 388:17-21.

S {".-m’"
ks b ACY ’7“"-;
!

oS EL

= 2
)

Lig ggINg g65€;
Journal of Crystal Growth, 2000, 218:313-322.

Journal of Crystal Growth, 2014, 393:23-27.
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Li-In-Se reaction (DSC)

60— 0.2 . 2 . . . .
Exotherm (a) Li-Se system (b) In-Se system (c) Li-In system
S Peak 3 ' '
T £40¢ \ / (Li,Se) - In Se 1k Li-In alloy |
; I Peak 1 b | 0.0r
é 170 180 190 200 [ In melting
20F [Peak 3 . Li melting
O i 4
8 -—j Peak 2 ¢ T /
" |Peak 2 1-0.2F i
0|20 210 220 230 e 1\ I meltmg Se melting |
150 200 250 150 200 250 150 300 450
Temperature (°C) Temperature (°C) Temperature (°C)
B Set up of temperature profile B Reduce stoichiometric deviation
. Y . ' . ' . Temperature (°C)
%) [ 1 2500 _ 400 600 800 ;
2 ‘ .10t} ~—e—Se 10“
© 600+ . 8 f //- 5
g | 2z 10°} ® 310
S 300 Low temperature 3 - ./_/. 5102
P ( synthesis ] s 19 F / / ‘
' §101 / / 110’
2% 30 60 ~ 10k . _ d1oe
: 500 750 1000 1250
Time (h) Temperature (°C)
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2.2 EF6LilnSe, BRI AR NS

T ¥ T T T
LISe-R1
| LISe-PY I* A )

i - LISe-R2
- 3 Ll bdo =™
= | “l II LISe-R3
(7]
[ =
kT
c | LISe-Y
Calculated
. ) T\
20 40 60

20 (degree)

No. Excess Li Composition Crucible

and Se

LISe- 5% Li+3% |, . SiO,

R1 Se Lig.golN1 025€;
LISe- 5% Li+2% . SiO,

R? Se Li; 04lNy 105€;
LISe- 3% Li+2% SiO,

R3 Se Lig.golNy g25€;

.V 204 | i4+90 i

LISe-Y 3% g:Z Yo Liln, o.Se, Graphite
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B Device fabrication M |-V curves

200 L] v ] M L} v T v T 1500 ] - L) - L) - ] - L)
. (a) | (b) w dark current A
m LISe-Y dark current ant e ambient light A‘
. -t e TOUE " 1 =7%9F  a 365nmLEDlight ,a*
LiseR2 LiseR3 Lisey ..' < A
ps [ ] : .Q.
% of -.' S O llll:l"'ll‘...'lllll
= a” = ooo® A » dark current .
G " O ar % ....
-100 a" 1 ~-750t JA i
[ A 5 i
.. L AA 0'8 [ 4
. 19 vqitdbe (v)!°
-200 L . . . : -1500
-100  -50 0 50 100 -10 -5 0 5 10
: Voltage (V) Voltage (V)
Planar detector
SV o
"o > Resistivity is on the order of 1011-10%2 Q-cm;

Oonoto/ 9sark > The ONN-OFF ratio is in the range of 150-200
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2.2 EF6LilnSe, BRI AR NS

(a)  cathode MAPbB crystal anode 24t (a) ' ' .
ks =il o ~ —— 600V
g- 1800} —— 800V
a-particles © L ~ —— 1000V
° o 2 1200} —— 1200V
:C:. — 1400V
5 0 c 3 600
- 0
shaping  charge-sensitive 400 800 1200 1600
MCA  amplifier preamplifier Channel
400f (b) '
- @ Data
o ——Fit Line
= <
2300
@)
V . .
CCE ~ ’L;T {1 exp(—)} ——Hecht equation ut=2.5x10 5 cmév-1
300 450 600 750
» ut value of LilnSe, is on the order 10> cm?/V. Voltaae (V)

L. Guo, et al. Cryst. Growth Des. 2018, 18(5): 2864-2870.
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2.2 ETFSLilnSe, BRI FIRMZE

B 21Am @ 5.48 MeV H °Co @ 1.33 MeV
2500 L AN B AN BN N BN N RN BN BN S | 105 v T v T v T v T
(a) (b) Background-12h
2000 - 10* b Co060-4h
i _ -Co60-8h
..g 1500 | % 167 —— C060-12h
-0 L -
81000 - 8102
500. 10’
Vs o) g g & T (R e | . 0 : b\;(;“ | )
0 200 400 600 800 1000 1200 1400 0 = 0 120 140
Channel Channel
Wafer Formula E,/eV  Resolution MT, /cm?V-l
LISe-R2 Li1.04|n1.108€2 2.01 43.1% 9.3X10°
LISe-Y LiInLOGSe2 2.83 23.3% 2.5X10°
Ref.[1] Lio_gllnSe2 2.83 38.2% 7.9X10°

[1] Hard X-Ray, Gamma-Ray, and Neutron Detector Physics XV. SPIE, 2014, 9213.
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2.3.1 EFAHCBEHFSHRRIEREIRB RN
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2.3.1 EFAHCBEHFSHRRIEREIRB RN
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AHCBiR N2 R IR MIBE

225 s 200V 4 300V | . 24040 @ Peak center
2] s
A 400V & 500V E e Hecht fit
c
£ 220-
- G
5 o
8 o
= 200+ e
S (17), = 8.50x10°° cm? V
©
o)
L 180-
: - : T ' T
150 300 450 200 400 600
Channel Number Voltage (V)
SREED R 45% (u1)y =10 ~10° cm? V!
____________________ .
E YEiiziE: 10° cm? V1 |
LAppI. Phys. Lett., 2016, 108: 153301. :
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2.3.1 EFAHCBEHFSHRRIEREIRB RN

AHCB HRNIEs SRPFAIEE/ERREE
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