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Definition




Definitions

What is Radiation?

“Particle or wave transmitting in space.”




@ KQREA Definitions

Particle or wave transmitting in space.”

A stone is a particle....., But a Radiation ?

—

No! It should be subatomic.




Definitions

“Particle or wave transmitting in space.”

Sound is a kind of waves....., But a Radiation ?

Compresssed Air
(Longitudinal Wave)

(T




Definitions

“Subatomic particle or wave transmitting
in space including vacuum.”




Definitions

What is Detection?

“Extraction of particular information
from a larger stream of information

without specific cooperation from or
synchronization with the sender”

Then, What is Radiation Detection?




Definitions

What is Measurement?

“Assignment of numbers to objects or events”

Then, What is Radiation Measurement?




How to Detect

non-ionizing ionizing
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Make the Invisible Radiations to Visible

- Convert to electron and measure by electronics
- Convert to light and measure (or see) it

- Changed Chemical property (Color)

- Miscellaneous (Temperature, Damage, Fission)




&%&EQ How to Detect

1. Convert to electron and measure by electronics
. Gas: ionization chamber, proportional and GM tube
. Solid: Semiconductor, Scintillator (?)

2. Convert to light and measure (or see) it
. Gas, Liquid, Solid: Scintillator, TLD

3. Measure change in chemical property (color)
. Liquid: Fricke and cerium dosimeter
. Solid: Glass dosimeter, X-ray film

4. Miscellaneous
. Cerenkov*, Fission chamber, Damage, Superconductor
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Important Factors
to Build Radiation Devices




Important Factors
to Build Radiation Devices

Material

Software




Important Factors
to Build Radiation Devices

Physics: Relatively Well known

Detector Material: Needs Time and Technique

Software: Commercially wide spread

Electronics: Commercial Devices but ASIC is unique skill




Important Factors
to Build Radiation Devices

Material

. Purity of Base Material (CdZnTe from Battery industry)

. Property of Tools such as glass tubes

. High performance of Devices -> Cost

. Time and Labor intensive (Find the Best conditions)

. Not only Idea but Technique (Sealing, Remove impurity)

Electronics

. Many Commercial Devices

. Many Custom-made-electronics applied for PMT, SiPM

. Only a few ASIC to process a number of small signals
Laborious and Limited Market (IDEAS, BNL, Kromek...)




Researches for Radiation Devices
in KOREA
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CQREN Discovery of Tl based scintillators

KNU group started a pioneer work in 2009 on Tl-based high-Z
compounds and published TI,LiGdCl,:Ce3* paper as a first Tl-based
scintillator in 2015 and presented TLLiYCl :Ce3* SCINT2015.

l_ ThinX,:Ce | |TLAEX:Eu
! !

Tl,LIGdCl :Ce™ [1] Tl,LaCls : Ce** [7) TISK,Brs: Pure [11]
T1,LiGdBr, :Ce> [2] Tl,LaBr, : Ce* [8] TICaCl, : Pure [12]
TILIYClg :Ce" [3.4] TI,GdClg: Ce** [9] TISK,ls : Eu?*  [13]
TlZLILUC|6 :Cedt [5] TlGd2C|7E Ce3+ [10] s

TI,LiScCl; :Pure
[11] G. Rooh et al., Opt. Mater., 73 (2017) 523.
[12] A. Khan et al., Rad. Measurem., 107 (2017) 115.
[13] H.J. Kim et al., Opt. Mater., 82 (2018) 8
[1] H.J. Kim etal., J. Lumin., 164 (2015) 86-89. [7] H.J. Kim etal., J. Lumin., 186 (2017) 219-222.
[2] H.J. Kim et al., Rad. Measurem., 90 (2016) 279-281. [8] H.J. Kim etal., NIMA., 849 (2017) 72-75.

[3] H.J.Kim etal., IEEE Trans. Nucl. Sci., 63 (2) (2016) 439. [9] G.Rooh etal., IEEE TNS., 65 (8) (2018) 2157
[4] G. Rooh et al., J. Cryst. Growth, 459 (2017) 163-166. [10] A.Khan et al., IEEE TNS., 65 (8) (2018) 2152

5] G. Rooh l., J. Lumin., 187 (2017) 347-351. . .
131 G. Rooh eta umin.,187 (2017) 3 US and 1 EU patents, 1 is under review

Courtesy by Prof. Hongju Kim



Efficiency
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New crystal scintillators 2018 by KNU
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700} (a) Photopeak
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Scintillation material atomicecr:1tuniber (g?cril?,) (gh/tl\/)lle?/? ajo C(Iﬁgjyt €
NalI(TI) 50.8 3.67 38000 250
CsI(TI) 54 4,51 52000 1000
BGO 75.2 7.13 9000 300
LYSO 65 7.1 33000 40
Cs,HfClg™ 58 3.86 54000 4100
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LaBrs(Ce) 44.1 5.08 89,000 16

Courtesy by Prof. Hongju Kim




New semiconductor by Korea Univ.
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Courtesy by Prof. Kihyun Kim



New semiconductor by Korea Univ.
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Courtesy by Prof. Kihyun Kim



585{5'& Device Development by Korea Univ.
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Courtesy by Prof. Jung-Yeol Yeom
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12 X 12 SiPM pixel array and 4 x4 %20 mm?3 pixelated CsI(TI) Detector system including DAQ board

(a) ’ (b) d
MURA mask fabricated 21 X 21 MURA mask pattern (a) and its auto-correlated
with a 3D printer and 20 mm thick tungsten pieces function plot with decoding pattern as delta function

RSI 89, 033106 (2018) Prof. Manhee Jeong



Radiation Imager by JeJu Univ.
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(a)
2-axis Reconstructed image with

#1: source-to-source distance: 30cm
#2: source-to-source distance: 20cm
#3: source-to-source distance: 10cm

. the MLEM reconstruction

Co-60 gamma source, 14 uCi
»%  method

¥ Cs-137 gamma source, 60 uCi

RSI 89, 033106 (2018) Prof. Manhee Jeong



@ QRN Radiation Imager by Sejong Univ.

= Rotational Modulation Collimator (RMC)
- Originally developed for X-ray and solar flare imaging in astronomy.
- Does not require a position-sensitive radiation detector.
- As collimators rotate, the open area made by slits change over time.
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Courtesy by Prof. Kihyun Kim



& KOREA Radiation Imager by Sejong Univ.
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Courtesy by Prof. Kihyun Kim
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Radiation Imager by Sejong Univ.
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Courtesy by Prof. Kihyun Kim



Radiation Imager by Korea Univ.
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Radiation Imager by Korea Univ.
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One
source

Three
sources

Intrinsic Efficiency : 4.67 x 104

Wonho Lee and Taewoong Lee, 2011, NIMA, 652, 33
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Taewoong Lee and Wonho Lee., 2014, NIMA 767, No.11, 5



@ SOREA  Radiation Imager by Korea Univ.

Coded aperture Compton Dual
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Taewoong Lee and Wonho Lee., 2014, NIMA 767, No.11, 5



Radiation Imager by Korea Univ.

URA (SICCAS)

Coded mask made by a scintillator array (BGO)
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@ SOREA  Radiation Imager by Korea Univ.

"‘QGO Taewoong Lee and Wonho Lee*
2014, ARI, 90, 102-108

Three 662 keV sources



Current Researches of RMI Lab
in Korea Univ.
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Fluorescent X-ray Computed Tomography
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UKNCR/&EQ FXCT: Schematic Diagram

amm Characteristic

"R X-ray detector
Characterlstlc. ) |/"
X ray ':‘/ ‘\/ '/ \
R
//’,,/'/”,/ / 4 /
{ l'.‘ {
\\\ b \\

W Transmitted
X-ray detector

Source o=, . I
" e

X- ray Sk
Transmitted
y-ray N N\ X-ray
Characteristic ,
X-ray | a
8 N Characteristic

X-ray detector
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Chanyeon et a/, IEEE TNS, 63, NO. 3, JUNE 2016



Transmission image Characteristic image Combined image

Chanyeon et a/, IEEE TNS, 63, NO. 3, JUNE 2016



@ (\2sn  FXCT Experiment (15t generation)

3D Rendered Images
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FXCT Experiment (15t generation)

Detectable Depth

o . thickness[mm] ___
0.7 1.5 2. 5

PVC

Al
Stainless Steel

Cu

©c O O O
X O O O
X X O O N
X X O O w
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UKNCI?/IE{RSEIQ FXCT Experiment (1st -> 2"d Generation)

1st 2 8.2% at 122keV
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& LA FXCT Experiment (2 Generation)

Even if AZ=1, they are discriminated from each other!
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@) DRRER  EXCT Experiment (2" Generation)

Detected and Analyzed Materials
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ORES  FXCT Experiment (2"¢ Generation)

quitest www!BANDIGAMYcom 5 X
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FXCT Experiment (29 Generation

Y www!BANDICAMYcom

FXCT Image Reconstruction GUI Test
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FXCT Experiment (2"d Generation)

- OIS0l 912 Ag 2
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& s FXCT Experiment (2 Generation)
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i UKN?,&EQ FXCT Experiment (2"d Generation)

- Gold Plate
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FXCT Experiment (2"d Generation)

- Mobile FXCT

[ Portable X-ray tube (50 kV), Field Application ]




CdZnTe 47 Compton Imager
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CdZnTe 47 Compton Imager

- Rena-mini™ development kit with pixelated CZT from Kromek

RENA Mini - Long 166 |
- 36—

78
I
Parameter Description/Value
Sensor type Cadmium Zinc Telluride
Sensor size 20mm = 20 mm = 5 mm
(8 = 8 pixel pattern)
Energy range 20 keV - 3 MeV
Channel 64 channels for anode
1 channel for cathode
(total 72 channels available)
Timing resolution <10 ns
Maximum count rate 10° count/s

Power consumption <6 mW/channel




CdZnTe 47 Compton Imager

Total energy spectrum after drift time correction
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&%&EQ CdZnTe 4n Compton Imager

Image reconstruction for offset source ('37Cs)

o o o
10° 20 30 40
] 40
170 5 20
180
160 30
15
60 50 25
40 20 o
40 30 15
20
2 10 5
10 5
100 H 80 i 70 | 50 25
\
I\
[\ [ 60 | ' ‘ |
80 ‘ 0 | I 40 i 20 f 1
|
2 2 [ 250 | i z | z \
2 2 ‘ f 2 \
S 60 [ 1 3 [ S 40l [ 30 (| G 15| [
Z | w0 1 g4 | (1 = ‘
2 40 “‘ 2 H\ 230 1 | 220 [ 10
© [ | 1 © k| || © | |
o] | | ° | B | | ) [\ T
o || PN [ | 4 4 R o g\
20} | | i | |\ 10 [\ 1 5} \
|| | | 10} | | o ‘ N, \
[\ N |/ \ i)
0 e 0 == (] = 0 ob— R —
-100 -50 0 50 100 -100 -50 0 50 100 -100 50 0 50 100 -100 -50 0 50 100 -100 -50 0 50 100
Azimuthal angle (degree) Azimuthal angle (degree) Azimuthal angle (degree’ Azimuthal angle (degree| Azimuthal angle (degree
g g g g g g g 9 g g

Oftset angle FWHM Source position (ERROR) Intrinsic efficiency

0 8.15° 0° (0%) 6.70 = 10~*
10° 8.37° 9 (10%) 6.11 x 104
20° 8.51° 16.2° (19%) 6.15 x 107*
30° 9.00° 27° (10%) 5.84 % 10°*
40° 12.74° 32.4° (19%) 5.83 x 104




KOREA CdZnTe 4n Compton Imager

Image reconstruction for two '37Cs sources
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20° 8.13° 14.4° (28%) 7.07 « 104
7.54° 16.2° (19%)

30° 7.56° 23.4° (22%) 576 » 104
7.20° 25.2° (16%)

40° 7.66° 32.4° (19%) 487 x 107*
7.04° 32.4° (19%)




UKNQ/IE{REQ CdZnTe 4n Compton Imager

Image reconstruction for multiple sources (Simultaneous measurement)
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CdZnTe 4 Compton Imager

It is difficult to make a very large one. (>6 cm3)

But it is easy make a small one. Common
(= 0.5 cm3) Cathodes

CdZnTe

and Make a Large Array by Detectors

Segmentation! (= 20 cm?) with shieldi
(Virtual Frisch Grid

Anode /
Pads

with specialized electrodes




KOREA CdZnTe 4n Compton Imager

BNL

Detector Array ASIC and HV connection




@ KQREA  CdZnTe 4n Compton Imager

All
Three 137Cs
Sources (662 keV)
MLEM, 50th Iteration
50° between sources
60Co
(1173, 133Ba
1332 keV) (356 keV)




CdZnTe 47 Compton Imager

e e—

4. Polishing 5. Wafer 6. Detector (15mm)

Courtesy by Prof. Kihyun Kim



KOREA CdZnTe 4n Compton Imager

UNIVERSITY

Cathode board

Honeycomb

CZT

Teflon frame

Ground electrode

Alignment grid

Anode pad

N = s

Schematic Diagram Assembled System




®SOREA  CdznTe 4x Compton Imager

Assembled System
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(1st 2nd and Sum events) (Side exposure, 10 min, 10 uCi, 5 cm)



Conclusion and Discussion

= Detection system is a Base for Radiation Application
= Researches for Detection System in Korea
= Current Research in RMI of Korea Univ.

= Specially Demanding Points in Korea Technology
- Detector Material
- Analog Signal Integrated Circuit (ASIC)
- More than 20 - 30 years of Research on the Topics
. Compete with Small but Strong Companies
. Domestic Market is limited
Solution?




Conclusion and Discussion

® Solution?

= Continuous Support
- World Leading Small Companies needs >30 years
- Technician as well as Idea
- Venture (Startup) Companies (Univ.)

= Cooperation

- Academy-Research-Industry

- Connection between Researchers

- No Negative Competition <- Large Gross Sum
International Research




