GOVP1200510409

EEEETEL iTRS/TR-2004-01

st - 320[L} 2t MEH YAIM
As7ls 7|ugd+= #l&t
S = by

An International Cooperation Research for
Construction of Scintillation Detector
Technology between Korea and Ukraine

i}
Jok
)
ks
I



oK

A

LiCh,

r

=3
=

T Ao A ZEEDIME M E

2004. 2.

E

Tor

20

bl

T
[}

!

o
o

0
Ko

~I

ol

=

“m

e}

H 5o

N

H

2

o] = Xy

o & %

o0

NI



A

Nd

=

=}

A =AE 7]

]

1 31,000 "4

1 31,000 14

A
A

A7)

0.2 MY
1.2 MY
1.4 MY

o
A

A4 v
A% AT

Nfo

o ZhA|
A - 3hA

®

B!

714

e

%

'JZ,

o)

she}

o
7
1_./|

: Ukraine, Radiation, Detector, Scintillator, CZT

3 of

\mo

AT
SRS

FARE ZHo07 AxA 5004 oju))

A

20k

E

=

=

AT o
el

i
web

W AL

A A

b= ghe Alvy 23 A3

PN
=

C Aozt HARE N 24 2 B AAAYL 9

I

SAEH
o

}
pris

0
yod

_?,]

7}

=]
LS

=

=

‘]

P
-

gn

P

=
% S

7

)

Ee
T

3W Al
=
o

7} &4

=

=

ol ISC A4 AT

o]
o ISC

-+

- Joint Almi} 2

2. d+47

O

on
oR

¢
el

B

.

d.
=
ol
>
=0

B

=P EEE

7] 9%
o 7] +54

7l #E FAY

=

=

g AR A
o} & FF AMNE B AT Aol

pS
[&]

——
o

wr
1

R

&+

i

it

ol




O ofF &
A4 o
I.A =
& Aol ¢ AR A AZE HATE 9% AR
AT

3t gl AAoluh A, wWARM AZ7] 7]E NEE g A . S .
HE AT77) 8 Fo) 91 e ANATA HAg g ZATEATI}
A A AR A 7l AT MY vk =] A $HA

of AArE FokoliA A=A B
Ade 7170 geolvk gy @4, faztelurd] ISCnstitute for
Single Crystals) 974® + FAAS

T FEE, Mol )& AYs] FA&n 7] dEel 2w 7x Ve

1o
E
2
_C_>,
oo
3
ol
Sl
il
o
H
v
2
=
24
2
1o
ol
2
I

Joint Al Amjvp ¥ ISC #A&E7He 23 3 AvuE AMHsta, A
st - A HEVHER T4 Aol FAATAE WEFOEN A



3 stebsted Ytk AT JHuFGA Ay 2 AE7kEA Any
NHE T & - FAIY I = X E}
ATA Y ASHA 49 AE AN SF A7 MES
=8 Ao AR, 89 B AST)

AL fdVe ARE AT SAFG G

V. a7124 3

AEE AR A #8437 7)E At 2 5% 248 A3 Joint
Alrlv g ISC AE7HES 248kl Fu] AlRvE AAH SR 3§, A -
- d ARVt €& FASe] 3oy o AFAES WES] AL
7= AtdlEE Fetsksith

FAFHAA 78 W 71y 1 AT MEYS 7537 Y8t ISC

T4 A7 9 Su AR st g AvuE S5 A2
]‘/}017\1 7y 134 23 AHAG. w3 ISC A742Y AF7) #d A%
7tQl Dr. Ryzhykov % Dr. Gekting %% = AlujuE 7l 3sk3ich

HA 7l FEE fste]l SUY AEE AR AST] 3-8 Ve
ks Y 2]
71 A 72y 7 AT UEY FgE 95t &5 2 Joint =3 AT

e dEst 9 7y 2579 g8 94 Ueks AR wAlE
KeR

Azt FZAT W o]lE g% ZAFEH e

V. g ase) &84

Joint =A] Aujv}h, ISC AE7F 23 ZU Avjy 2 ISC A A+A
1€ uH 502 FAFHY =A

)
PN
>

3 =0 7F AT UEHO]
THHAS. 7 75 FAFEIS S8 3 dAd 5 ATAY
TAGEATE EEHOE FYYE 7 U @A) FHEHUG
Auiyt JiE, 98375, ISC 2 PMP (Pure Metals Plant) 59 974
AT & T Aol AEE A AST] Ve #d Ad
NNess Hotayith & A7 % FAEYe] 27 He ' ATANY
T2 AV T FAPELYRE ZAs=Y §82 7+ ATh



SUMMARY

I. Project Title

An International Cooperation Research for Construction of
Scintillation Detector Technology between Korea and Ukraine

II. Objectives and Necessities of the Project

The radiation detector and its application play an important role
in the field of vradiation technology (RT) such as the
non—destructive industry and medical radiation diagnosis treatment
as well as in the field of power plant. Furthermore, it is expected
to contribute in promoting the welfare of the people and the
related industry and economy.

Although the radiation technology is widely used in a lot of
fields, most of radiation detector sensor and its related systems
have been imported.

In Korea, some cooperation research is being carried out for
development of radiation detector technology participating industry,
university, and research institute. Meanwhile, international
cooperation research is being attempted to establish the oversea
local laboratory, but there are many difficulties to keep the
cooperation research in these days.

Korea and Ukraine have agreed to work together positively in
nuclear energy field from arranging the nuclear energy cooperation
agreement between the two nations in July 3, 2001. Therefore, our
country had a more opportunity to get the high technology of
Ukraine through cooperation with many research institutes in
Ukraine since agreement. Meanwhile, Ukrainian research institutes
such as ISC (Institute for Single Crystals) also hope to cooperate

with foreign countries to utilize the fundamental technology



cumulated under the rule of communism. It will be possible to cut
down the cost to transfer the high technology of Ukraine by this

situation.

II. Scope and Contents of the Project

This project has three final goals. The first is to investigate the
state—of—the—art and the tendency of the scintillation detector
technology and tendency through inviting the ISC experts
developing the scintillation detector and visiting the important
research institutes in Ukraine

The second is to build the research network to continue to keep
the cooperation foundation between Korea and Ukraine from
exchanging manpower.

The third is to Investigate the present development condition
concerned with scintillation detector and the international
cooperation plan between Korea and Ukraine to obtain the key

technology.

IV. Accomplishments and Impact of the Research

To investigate the advanced technology of Ukraine and
state—of—the—art of scintillation detector technology, two
international joint seminars were held and ISC experts were invited
to present the situation of detector development in UKkraine. A
domestic detector expert team participating industry, university,
and research institute had been organized and visited several
primary research institutes (ISC, PMP, KIPT, etc.) in Ukraine to
investigate the high and new technologies.

The two international joint seminars between Korea and Ukraine
were held to build the research network for supporting

international cooperation. Two seminars for introducing the high

iv



and new technologies in relating to the scintillation detector were
held in our countries. Dr. Ryzhykov and Dr. Gektin who has been
the expert of scintillation detector of ISC were invited to the
seminars, individually.

The present status of our development and the international
cooperation plan for obtaining the key technology of the
scintillation detector were examined and considered. To inspire the
relationship between two countries and increase the exchange of
researcher and information, the current international joint seminar
should be regularly held.

Meanwhile, some fundamental information needed for promoting
the international cooperation of the government was provided

through this study.

V. Application Plan of the Research Results

Human network for research between Korea and Ukraine were
established and the investigation into the high and new technology
about the scintillation detector was carried out through holding the
international joint seminar and inviting the ISC experts, and visiting
the Ukraine research group.

Using previously constructed research network, the international
cooperation will be effectively carried out on the other field in the
future.

The high and new technology about the scintillation detector was
investigated through holding international joint seminar, inviting the
ISC experts, and visiting the Ukraine research institutes. Through
this study, some proposal for obtaining its primary technology and
keeping the concrete relationship between the two countries were

investigated.
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October, 13:

Meeting with ISC (Institute of Single Crystal)

09:00 09:30
Management People
Attending the ¥ - $-= @} 9]} Joint Seminar
o AWy M 717 Grinyov

10:00 14:20

16:00 18:00

Touring ISC Facilities

o ISC 44 AAF Fo

o Czochralski Crystal Growing Furnace A4
o Gamma Camera$ Scintilator 7}F3A]1d 5

e ( T
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October, 14

Attending the World Bank Project Meeting Launched
by the Center of Small Business Development

12:00 13:00 .
Kharkov Technologies (Technology
Business—Incubator)
Attending the Contract-Extension Signing Ceremony
between iTRS and ISC

0 1gag | 0 WSO FEAEHH A7E AT AN

(Technological Parks of Ukraineo] #Fo]sl= #
AT A =ARH)

o BAA WEF o|F Zaste shEdl AN

October, 15

09:30  11:30

Meeting with KIPT (Kharkov Institute of Physics and
Technology) Management People
o WA A&7 #E 7] s Aol A 9
STAl G et e} ko] AF- - A "EVFE A E
A4 "I KIPT 4% 2 A39E5

- O} =
A==

X

%Hﬂ

3] Electron AcceleratorZ ©]-&3F Tc-99m
o

e S Eed 2 SAHE ekl ois)

k7] &0l

-

20




October, 16

09:30 11:30

Meeting with PMP(Pure Metal Plant) Management

People

o 84 Wiy 4 PMPEHE ZAGA3 AR A=Y Y&
W& CZT, CdTe, ZnSe(Ni) 5o g A" 71544
st HeQde 3o A,

F

13:00 15:30

Meeting with IHEPNP (Institute of High Energy
Physics and Nuclear Physics) Management People
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Trip Report to Kharkov of Ukraine (73 42)

itinerary of the Fourth Joint Seminar Between ISC and iTRS

October, 13:

09% 09%° Meeting with ISC (Institute of Single Crystal) Management People
10%° 14% Attending the Joint Seminar

16% 18" Touring ISC Facilities

October, 14

12% 13% Attending the World Bank Project Meeting launched by the Centre of
Small Business Development "Kharkov Technologies” (technology
business-incubator)

13% 13% Attending the Contract-Extension Signing Ceremony Between iTRS
and ISC

October, 15
09 11%° Meeting with KIPT (Kharkov Institute of Physics and Technology)

Management People

October, 13: Meeting with ISC

ISC Participants:
Professor Boris Grinyov: Director, Institute for Scintillation Materials, National
Academy of Science of Ukraine

Professor Vladimir Ryzhikov: Director, Scientific-Technological Center of
Radiation Instruments, Institute for Single Crystals, National Academy of

Science of Ukraine

Dr. Valentin Chebanov: Academic Secretary, Institute for Single Crystals,
National Academy of Science of Ukraine

Topics of Discussion:

23



Exploration of potential further cooperation between Ukraine and Korea in the

areas of commercializing the high tech items that ISC has developed following

the present successful cooperation between iTRS and ISC,.

October, 13: Attending the Joint Seminar

Chairs: Prof. Boris Grinyov (ISC), Prof. Joung Kyung Kim (iTRS)

Presentations:

1.

Prof. Chan-Hyeong Kim "RADIOLOGICAL CHARACTERIZATION OF
METAL OXIDE SEMICONDUCTOR FIELD EFFECT TRANSISTOR
DOSIMETERS"

Dr. Eugen Pirogov "RECENT INVESTIGATIONS OF COMPLEX OXIDE
SCINTILLATORS"

Dr. Yong Kyun Kim "RADIATION DETECTOR DEVELOPMENT IN
KAERI"

Dr. Serge Gordeev "LUMINESCENCE OF ZnSe(Te) EXCITED BY
PLASMA LAYER OF INDIUM TIN OXIDE"

Mr. Jin Hyoung Bae "A MONTE CARLO STUDY OF CONTRABAND
DETECTION USING FAST NEUTRON RESONANCE TECHNIQUE"
Miss Vlada Danilenko "PROPERTY UNIFORMITY STUDIES FOR
ELEMENTS OF SCINTILLATION 1D- AND 2D-MATRICES MADE ON
THE BASIS OF CRYSTALS ZnSe(Te), CdWO;, Csl(Tl), BisGesO1,"

Mr. Jae Cheon Kim "ANALYSIS OF DESIGN CHARACTERISTICS OF
THE PROTOTYPE IONIZATION CHAMBER AND BEAM LOSS
MONITOR MADE BY KAERI"

Mr. Oleg Sidletskiy "Thermotropic liquid crystalline systems in
bioEQUIVALENT DOSIMETRY"

Mr. Hyung Joo Shin "CODED APERTURE IMAGING FOR
MONITORING THE NUCLEAR ENVIRONMENT"

10.Mr. Serge Sulima "GROWING OF CdZnTe SINGLE CRYSTALS AND

REGISTRATION OF CHARGED PARTICLES BY A COMBINED
DETECTOR ON THEIR BASIS"
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October, 15: Meeting with KIPT

KIPT Participants:
Professor Ivan Karnaukhov: Vice-Director, Kharkov Institute of Physics and
Technology, National Science Center

Professor Mykola Ayzatskiy: Deputy Director of Accelerator for Scientific Work,
National Science Center, Kharkov Institute of Physics and Technology

Topics of Discussion:
Presentation of KIPT R&D activities by Professor Karnaukhov, and discussion
of potential cooperation between Ukraine and Korea in the areas of advanced

science and technology that KIPT has developed.

Conclusions and Recommendations:

1. The cooperation with the Institute of Single Crystal (ISC) on the development
of Generation IV radiation detector materials could be a very attractive
venture.

2. With the Kharkov Institute of Physics and Technology (KIPT), the utilization
of electron accelerator in producing Tc-99m could be further pursed.

Based upon the conclusions, it is strongly recommended to form a task-force
team, who should take a close look at the possibility of utilizing two technologies
as follows:

1) With ISC, development of Generation IV radiation detector materials, and

2) With KIPT, utilization of electron accelerator in producing Tc-99m.

The decision should be made based upon the recommendations of the
task-force team.
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Ukraine 7% 210 (A7)

1. Institute of single crystal (mono crystal)
1.1 2HE AbEE
Prof. Boris Grinyov, $47%
Prof. V. Ryzhikov
Prof. Longin Lysetskiy Sil(Eu), Stilbene,
p-terphenyl for neutron detector
Dr. Sci. Vyacheslav Puzikov : CZT detector
Dr. Valentin A. Chebanov S

1.2 iTRS-ISC &= MO|Lt
iTRSE 5#, ISCH 58 =& ¥

Program 2t%

1.3 A2 A A
MAIZ
Csl, Nal, GSO, CWO, PWO s scintillator
CdZnTe detector,

Organic scintillator

El

Czochralski crystal growing furnace
Gamma camera scintillator 713 AlAd

2. Institute of high energy physics and nuclear physics

2.1 Qb AR S

Anthracene

Prof. Dovbnya, Director of IHEPNP, Director of Accelerator 2l

22 Jl= &9 Jts 20t

electron accelerator : 10MeV 10kW for sterilization

40MeV for medical isotope *"Tc production

Isotope separation

Plasma acceleration

Pure metal separation 5N or 6N
Radiation treatment of semiconductor

26



3. Pure metals plant
3.1 P AL E
Director Vladimir |. Komlach
Mayor Volodymyr M. Volkov
The first Deputy Mayor Hrigoriy Petrov
Prof. Yuriy M. Gavrylyuk
Prof. Anatoly P. Oksanich &

3.2 g8 Jis Jl&E =9

- CdZnTe, CdTe &% AlA
Vertical Bridgman furnace : & & 40mm, A2t J[ZF 14Y
Pressurize Jts : 607[&t
typical detector 5mm x 5mm x 2.5mm t
CdiZnTe : x=0.04 ~ 0.1, & #Ld2 02l
spectroscopic grade &7}, detector grade &&gl Jis
electric contact2 CHE lab.0lM & : Indium contact

- ZnSe(Ni)
UV detector
UV-A, UV-B AtM &2 58 Jts Jls 2.

J M 2

PMT WA & photodiode=2| &8 Jlsd H4E ER
~ GaAs @ HIE MrAA 9 J|s st YUAIMAIMZ 22
- Silicon wafer : &0 Jtsgt M & AL
- Pure metals @ Ga, Cd, Te 6N (2IfAIZ & X)
- 22 ANA
Small clean room class 100
Crystal growing facility
Crystal Jt& &8l : Saw, Polisher
4. 55 A7 Y HE oA
4.1 YA AST|
Jh 301U s S
- F3ZH0ILE Institute of Single Crystal (ISC)= YA
Me AR 20kl A0 MA D £E HHIIES HE
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= 2oz "WILELL 55| Alkali Halide &&H (Nal, Csl S), &
& ostE d&A (CdWOs, GSO, PWO, BGO) ©&H M=z H It
& Jl&E0] P40t

UArdoll et & 820 =2MM 2dls0l ot =0l
SZH0l JhsE -Vl atEg eteA HE712 CdZnTe, CdTel| &

HOME IIeT eestn Y= ez "IitEu, 100712 'gh
pressure Bridgman YWHE AIE5t0 U= A2 Mt QUL 1
ciLh e A" 2 SIHSHA] HQUC

Pure Metals Plant (PMP)= &2 Si Ingotﬂ wafer%; A
U= JY22M GaAs, CdTe, CdZnTe S & gt L
Tz QL 2 gieXH M2, IR éi'M MzEel AL
240, YA ASI8 aMe o MotED Ut ME32 A
U YA AEBE CdZnTe 2= 5mm x Smm x 2.5mm

e

M spectroscopic grade= 0fL]1l ©he detector gradeO|Ch.

| 2

YA A= 7122 Radiation Technology (RT)2| sH A
U= o= et YUAM HSI10F 2610 2
= YA HISI] &/ Y MM 208 J]=0] F 2ot
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Of THPRO WA HAZI|E MAZNAM J1ol A 4otn 9
ch.

- 3T0ILIE MAE SF HEA SEE I|E, e LA
(&)
o

2N JlEE 2Eoll 2120, M &5 UAE L2t
b 0l JlEs ©AIZE Ulol =teg &~ S Fog dedol 8

Ct.

- F5H J|&E2 20T AMEE0 Ys ez HILE = CsKT,
BGO, CWO, GSO, ZnSe d&H =&EZH Mz T
CdTe atetE vteAd M & Jls0lCt.

- Csl(T1), BGO, CWO, GSO, ZnSe &A= OI=EINAl ofg5&, A
2 UMM e ASI| (Gamma camera, SPECT, PET, Digital
Radiography)Oll At 51 U2, So| Hotd A= I fst

dasE UMY dM2 2840l =0 2z SUuiMsE AR
Ao ASI| Yol gdetd ez 22, dd A Jls
o Aol

products 2 AFA M| Al
0l Ziogz UM QUL CdZnTe UE tHEA J)&2 OElE

g sol esz, S5UP2E Sotol 0] Jlzs 22sts A0

4.2 ¥™T¢ generator

- WA OMEEIIE MESE Te S9lfi4 MAYe U8 JdM 2&
kel Z0l(Mo EXE Ag 2K ofel Ze) oF Y(n/s/kW) = 15
x 107 o Zie2 FHHO2 ElEdo] 23S Ao M2t
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Jae Cheon KIM, Jong Kyung KIM; and Yong Kyun KIM; -

s

< Monte Carlo Analysis for Detector Design
«+ Analysis of fonization Chamber
» Analysis of Beam Loss Monitor{BLM)

% Conclusion

Wrﬁa y used emd a;mixe R diation’ pf(}técﬂ()ﬂ, medical
apph »atx 1, centrei of racf;o;seicpe, nan»«desﬁrueﬁve ins;;ectmn

0 Current sityation in Korea

tm;rease the demands 0f R&D in radlatéon detector techn mgy'

impmi mmé rad:a‘mn det&ctars & per;ph ra% eqmpments




=. -Establishing the an‘alkys:i‘s‘ §y§tem for cylindrical ion
chamber design (including BLM)

@ Procedure

= Design and/anaiyéiﬁs of the dlét‘éctor‘characfertic_stics
'using Monte Carlo simulation

Feedback

Verification of the simulate
- experimental measu

 Monte Carlo Analysis for

Detector Design

O EGSnrc & MCNPAC

Broad Parallel Beam incident on Frong

O poeg o cetren fpnaton I NEINRRRREN]
Used for detector analysis [ 2 S R -
in 2000, included many e vt ~—’j
improvement features R

, - AN
3 Benchmark calculation : -

o EGS4, EGSnrc, MCNP4B, o |
MCNP4C : i Jf

o Broad parallel electron beam
(25keV ~ 4MeV)

o Semi-infinite water

Fig. 1 Broad parallel electron beam incident on

the semi-infinite water

Depth dose distribution (i)

Ourmeasiess O Luaes D
sy

P

27%

corarvanE YRt

1 MeV 4 MeV

Fig. 2 Depth dose distribution of semi-infinife water



_178..

Dimensionless total absorbed dose

Total absorbed dose inr.-

o:Absorbed dose of water : MGNP > EGSnrc, EGS4
o:MCNP4B & MCNP4C : about §.04% {RMB}
0 EGS4 & EGSnrc : about D:87% [RMS):

. i .
* £GS4
! b « - MCNP4B
| . » MCNPAC
o5 1
¢
404 A 2
s - I
ORI i Tl
3 e, . g S o] Do
d A !
F v%
*7 E s
e g Kl
-~ EGSere aesd |
¥ MeHPas » Refatrve Difforene . O S04 -
S-———— Etisare
: J R r . A
B 1

n 1
Ehergy of Beam Incident on the Water(MeV) Energy of Beam Incident on the Water{fe\y

Fig. 3 The variation of the total absorbed dese in the semi-Infinite water

. O Energy linearity.

oo

Three types of ionization chamber

Analysis of design characteristics

o Energy linearity
¢ Angular dependency

o Variation of the length of collecting electrode

Fig. 4 The fabricated prototype fonization
chamber having flat-type window

o Incident gamma-ray energy :
2¥ - AMeY

o Current is linearly increased
with incident gamma-ray
energy

the
dose compared with EGSrnc

« KAERI-F 1 7.2% (RMS)

i

KAREI-SR  KAE

KAERI-#
{Frotwiype)

RILR

Fig. 5 Three types of jonization chambers
designed and fabricated

8+

Relative Dose deposited in the Ges
o

Bid 24 as a

cidnt Photon Energy (VMM

& 10

Fig. 6 Variation of the current according to changing

incident garwma-rays from 40keV to 1MeV in

KAERI-F and KAERI-SR
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ngular Dependency 5
o-Source: #Am, 137Cs : ot

X o N 20t s o Modeling Modeling
o Incident source angle : 0° ~ 90 T - with geomelry defsot without geometric defect

- i S -

o Defect-of Modeling

o Used normalized dose

|

f
x
-
at
Cathoded Cathod
{Nogative high v} {Hapaties high
HEE
Fig. 7 The view of experiment that estimates Fig. 8 View of reference case and the . L . o
the angular dependency of short rotation point in KAERI-F Fig. 10 Round-type jonization chamber  Fig. 11 Round-type jonization chanther
= ’ N N l ’ T o y T -
round-type ionization chamber modeled by EGSnre modeled by MONP4C

-18C, Kharkov, Ukraine;

: U Collecting Electrode
e KAER&V—SR tiess angle éependeht than the others o Source : 1 MeV, 70 cm away from rotation point
o Original 115 mm/ Optimal : 12.5 mm

e Y T szt ! T 1 Tamad] " i ! . . aet . i
E "1]’“’2“ o 1 o Current difference is within 1%, negligible
i 3 I -
s - - g?m s i y - .{l é [T
foroe g | & =
B et ! i: VoSk IR oo 4
W0 e MNP d =3 P 5
% nai(EcE ;{ j g . Jong rounds ‘ 2 e 1
of T i s o s T ¥ ¥ ¥ S S S &
o carta? o i e T gle s
| ; LS ]
0o b O [ SR g g ey d wh e 4 g
M * 3 i § T B } H o
(2 R A o P . > ]
N i 3 + s
o i ¢ i u 3
KAERI-F | KAERLSR || KAERLLR ]
ok S — ‘\ T R T i 3 R S S S A SR A "
P 5 o 5 o a s 1 & @ B o - ¥ M@ o % o T
Source Angle(d Source Angie{ degreq .
Surce Agle(degred roe Angle(degreq 5o s e 78 0
Lengit of Calfecarg Electract (1)
. ; . . s - Fig. 12 The variation of the electric current aceording to changing the length of collecting
Fig. 9 The comparison between the doses of KAERI-F, KAERI-SR, and KAERI-LR i

electrade
by Hlam and ¥Cs sources



Monitor

eam Loss Monitor)

o Primary diagnostic tools for prevehting‘eduipment damage

o lon chamber mainly used as BLM
o several hundreds of BLM for one accelerator system

Fig. 13 The proton accelerator being developed in Korea

o General problem : slow ion cellection times, low collsction affie

"0 Electric current improvement

o New approach : increasing the secondary electron of inner gas ?

» Changing Inner gas

MV
connreior
i

insulator

Outer Electrode

- Inney Elecwode

Guard Elecirode

Fig. 14 Cros

: Db‘ Outer electrode materi

o Al PVDF,

o High Z number & high density : ficlent
.05«
= e
> PYOEF H
2 0044 A]ummuml
B - Sepper |
£
H
w 003 B
3
&
3
F 00z
A
4
g
g X2 -
§

PMMA, Cu : changing wall material

&
NS
A

Radiation

sectional View of Beam Loss Mouitor

Lt T Py T T T
1 2 304 5 & 7 8

Incident Photon Energy (MeV)

“ig. 13 Dose variation on the changing the wall material of BLM
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U Inner gas

" o Ne, Air, Ar, Xe : changing inner gas

o Source: 1 MeV gamma-ray

o High density & high Z number :
more efficient

Dosc of Ne-gas

# Relative Dose =

Q0 Outer electrode thickness
o Source : 1 MeV gamma-ray
o Wall thickness :
« PVDF: 2mm > 4mm
» Difference is negligible(~1%)

Fig. 16 Current variation by changing the inner

Relstive Dore Aepssind in Gas Vorume

Bdabove Do iitniont s Tom Yk

smia agus, A
Ounaity of Cotucting Volios Gaw, giom’

20 24 ¢ 2 34 o

Triekrass of Ovtes Elxcirose fimm)

gas and wall {outer electrode) thickness
of BLM

{1 Monte Carlo results for detector analysis
- MCNP » EGSnrc (in both gamma-ray and electron beam)
- EGSnre @ more drastic change compared with MCNP4C

0 Analysis of ionization chamber

with gamma—ray energkyk

- Energy linearity : {
W R!—S‘z_{, closestto sohe

- Angular dependency-:

$

U Analysis of heam loss monitor
- Increase with der@sity o ‘ivé’l‘i material j‘o‘f‘i\(\s‘fz Aumber
- Intrease with density of inner gas material or its Z number
- Does not increase with t}hi;(:‘khes"s (for 1MeV, within 1%)




Coded Aperture Imaging for
monitoring the nuclear
environment

SHIN, HYUNG JOO & CHO,GYUSEONG
Radiation Detection and Medical Imaging Lab.
Department of Nuclear and Quantum Engineering
Korea Advanced Institute of Science and Technology

m 151“ Radiation Detoction & Medical maging Lab,
e Deparirmeni of Muciesr Enginvering
Korea Advanced Ingtitute of Science and Technology

Contents

. Introduction

*  Gamma camera for monitoring the nuclear environment
with the coded aperture

2. Coded aperture imaging
= Concept
s  Mask pattern
= SPSF
»  Simulation & Results

3. Discussion

Radiation Detection & Medical Imaging Lab.
Department of Nuclear Engineering
Karga Advenced Instiiuie of Science and Technofogy

Introduction

Electronie

Source cireuit

= We had developed a gamma
camera for monitoring the
nuclear environment with a
pinhole collimator and the

Gamn

Sensor
pixellated scintillator
= Weare going to I'QPIaCQ the ’ Image acquisition
: . . ar and processing
1 with s
pinhole collimator with a Source

coded aperture

Collimator N'AI('I‘J‘)’ PSESPM”[‘

. Pinhole image has the high
angular resolution, but
sensitivity is very low.

= To collect more photons, we can
make a hole bigger. However,
the large hole reduces good
angular resolution.

Two major motivations of coded aperture imaging :

1. Wecan improve the SNR in the reconstructed object by increasing the collecting

area while maintaining the angular resolution of a small single opening.

2. We can perform tomograhpy with a single exposure because object points at

different distances from the aperture will cast shadows of the aperture onto the
picture with different overall sizes.



©bject Aperture Encoding Decoding Reconstruction

= The recorded image is not similar with the object at all because of many

overlapping images during encoding.
= Nonetheless, if the aperture having good characteristic is judiciously
chosen, the reconstruction image which is same as the object can be
obtained.
s E=(0O*A)+N
s O=E*fG=RO*(A*G)+N*G
a If A*G is a delta function, O'=0+N*G and the object has been perfectly
reconstructed except for the presence of the noise term.
m T Radiation Detszclricm & Medical imeging Lab.

~-- Department of Nuciear Engineering
Koreg Advanced Institute of Science and Technofogy

How to locate the holes in the aperture

= Ideal aperture were found
which are based on “cyelic
difference sets”
®  According to the value of n;
» Quadratic residue sets
(n is prime)
« Twin prime sets (n=p(p+2))
= Pseudo-noise sets
(m=2"-1)

# Some Hadamard difference sets may belong to more than one class.

m! %T Radiation Detection & Medical Imaging Lak.
S wamena Department of Nuctear Eagineering
Korea Advanced fnstifute of Sclence and Technology

m! ST Rudiation Detection & Medical i

How to locate the holes in the aperture(2)

Cyclic difference set D

= a collection of k integer numbers  {1,.1.....1;} with
values 0<7 <n ,suchthatforany Jxomodn)
the congruence 7 -7,=J(modsn) hasexactly z
solution pairs  (7,,7,) within D.

= Can be represented by a binary sequence ¢,(/ =0.....n—1)
with a, =1 if / isamemberofDand « =0
otherwise.

Department of Ructesr Engl

Korea Advanced Insttwie of Scieace and Technology

How to locate the holes in the aperture(3)

Example = ForJ=1,
+{0,1,2,4} isa cyclicset D © {o,1} {1,2}
with n=7, k=4 and z=2 « ForJ=o,

- {0,1,2,4)=> {0,2} {2,4}
Soa,=1110100 = ForJ=3,

i \

« 1: transparent {14} {4,0)
) = ForJ=4,

0: opaque in a mask 10,4} {4,1}
Ehs 7 2
s Ford=s,

{2,0} {4,2}
s For J=6,

{1,0} {2,1}
Imaging Lab,

MEST Radiation Detection & Medic

Dapartment of Nuciear Engh
Korea Advanced Institite of Science and Technofogy



How to locate the holes in the aperture(4)

From Fenimore and Cannon{1978 Applied Optics)

The basic array will have dimensions r by s where r and s are prime numbers.
A, 1) = A1, J), wherel1 =mod rTand J = mod s/
AL J) = o ifl=o
1 ifJ=0,1#0,
1 i Cr{DCs(§) = 1,
0  otherwise,

where Cr{I} =1 ifthere exists an integer x, 1 < x<r
suchthat [ =mod, x°
~1 otherwise

Radiation Detection & Medical inaging Lab.
o Departmrent of Nuclear Engineering
Korea Advanced institute of Science and Technology

How to locate the holes in the aperture(s)

= If we use postprocessing array G such as

G, j) = 1 ifAG, j) =1
= -1 ifAG, §) = 0,
SN A NG+ kD ec(rs—1)/2 if mod k=0 and mod /=0
[
=0 otherwise

= These masks which are based upon the mathematical cyclic difference
sets are generally referred to as uniformly redundant arrays. {URA)

mz ﬁT Radigtion Detection & Medical imaging Lab.
ez v Idopartment of Nuclear Engineering

Horss Advenced lnstitule of Science and Technology

~System Point Spread Function (SPSF)

Mis”f Radiation Detection

- Departien

Horea Advanced Institute of Science and Technoiogy

System Point Spread Function (SPSF)(2)

13X11 URA

43X41 URA
=]t is worthwhile to note that the correlation of A with G is
a mosaic of delta function with zerp sidelobes.

mg ﬁmg“ Radiation Detection & Medical maging Lab.

. Departmemt of Nuclesr Enginecr
Korea Advanced Ingtitute of ?“;eﬁcﬁ and Technolbgy




Simulation & Results - Simulation & Results(3)

Pinholes vs. Coded Aperture

13X11 URA, that is 71 holes

m; E;T Radiation Detection & Medicel imaging Lab.
e Department of Nuclear Engineering
Korea Advanced Institute of Scéence and Technokogy

3X3 pinholes

m: 51" Radiation Detection & Medical imaging Lab.
o st Department of Huclear Engineering

i
.
[y

I

Simulation & Results(2)

= Reconstruction for
Extended source & plain source

RALST

o a3x41 , 13x11
=If the object becomes larger than basic aperture pattern, the different

versions overlap. => the other factors can affect the geometric design. (eg.
mask size, aperture size & depth, distance among source, mask, and
detector, etc.)

naging Lab.

WE’T Radiation Deteciion & fledical imaging Lab. mg ﬁT Radiation Detecion & #edical b
- a3 6 ST " v D, ;:, 3 L

- Departmeni of Nuclkear Enginesring i i riment of duc
Korea Advanced {nstilide of Science and Technalogy . Horea Advanced Insti

tite of Soie and Tacknolog




Discussion Discussion(3)

3 , ; EE -
» It is known that for complex ‘ i a Next steps..
scenes or scenes where there is i ‘ .
a high dynamic range and low § - = Setup the instruments using the previous gamina
background the pinhole is most £ camera and get experimental results
appropriate whereas for high 3 . ) ) . .
background environments the : e » Simulate with consideration of activity
coded aperture would offer ¥ Optimi int " tric desio
better sensitivity. (Durant,1999) : »« Optimize many interactive geometric design
: a factors
8
< . 3
§ _ « Deeper study of reconstruction algorithm
T e = Seek for better apertures
Aperture Fiux { x 5¥)
Radiation Detection & Medicaf imaging Lab.
From Michigan mgg‘?‘* z’)c:pgifr:?:mco? '\Ajzf;?rlljiﬂg::ig{zz Jg e

Horea Advanced lnstiiute of So

irce and Technciogy

s As the source become comparable
to the angular scale of the mask
Dc"i-% elements then there is an
5 increasing loss in coded signal
3 ‘ N 3 due to the increasing spillage of
N source events into background

) tnacke Madk Pattern A, piXelS.
A Fine Mamle Patiorn Xx ;,

%

“
i

o

o1
.

o )
Buwarce e/ SPSF (FYEM)

Therefore, if we apply the coded aperture system to gamma camera
system for monitoring the nuclear environment-high background and
point-like source, we can expect the better performance.

’%T Radjation Detoction & Medical imaging Lab.
e Depariment of Nuclear Engincering
Karea Advanced insyiute of Science and Technoiogy
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- Contraband Detection

Using Fast Neutron Resonance Technique

o Sindlation ostuferé?%
4. MCNP Simulation of TNT Detettio
- Methods & Analysic DR

- Conclusions

Jinhyoung Bae * , Jooho Whang
Department of Nuclear Enginesring
Kyung Hee University

Kyung-Hee University ’%7\ )
Radiooctive Waste Loboratory \@

mwn
Kyung-Hee University _EX3
Raciouctive Waste Laboratory g}}/"(

Blntroduction

@] Many of the explosives—detection technologies that are based on x—ray
techniques measure the x-ray attenuation of the materials that make up the
baggage.

£ The mechanisms primarily responsible for x—ray attenuation in materials at the x—
ray energy ranges typically used by explosives—detection eguipment are Compton
scattering and photoelectric absorption.

1. Multi~energy x—ray—based detection equipment suitable for distinguishing
organic from inorganic materials and for measuring densities and effective atomic
number semiquantitatively has been developed.

2. Dual-energy CT{computed tomography) is capable of providing geometrical
intormation, as well as information pertaining to both the physicai density and the
effective atomic number of a material.

3. Other x~ray-based methods using high—energy photons(between 10 and 30
MeV) have been discussed in the literature(Hussein, 1992:Gozani, 1988) mn
X arsity

i

Uiy =
Radioactive Waste Laboratory M

Glntroduction

0 Fast neutron resonance technique(FNRT) was developed to provide useful
supplemental information regarding contraband for materials at the molecular
and atomic levels,

3 The FNRT method has been successiully used to determine gconcentrations
of H, C, N, and O in explosives and narcotlics as compared to many other
common materials.

The FNRT method of detection is to measure an object's effective
attenuation coefficients and total atomic content. In theory, contraband can
be identified using those two pleces of information. Monte Carlo simulations
are used to support the theoretical concept of the method. The feasibility of
the technique is demonstrated by employing TNT,

on
Kyung-Hee University &3
Radkoactive Waste Laboratory A S
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2. Fast Neutron Resonance Technigue

@Principle

IS FERENRERY SRR

Lrosz Section (i)

Ereray (M)

Fiqure 1. [otal neutron ¢ross segtion of M, C. N. ©

m
Kyung+Hee University W%\
Radiocctive Waoste Laboratory § -

L2

2. Fast Neutron Resonance Technigue

_ ©Linear Attenuation Model

-

e

neutrons transmitted through the sample
L nedtrons incident upen the sample

a, © effective attenuation costficient (o)

x, ' effective total atomic content {atoms/ce)

b total attenuation Radicactive

Continved

- With the presence of many elements, it becomes difficult to find distinct resonance
peaks for all elements of interest,

- To improve the method, we turn to fook at the broad resonance structure at neutron
energy of 2-8 MeV, and introduce neutron resanance techaique with broad peaks.

@ Each element attenuates neutrons as if there ware only this single element in the
path, and that the total attenuation & is the sum of attenuation by all elements

present, That is:

Xy ¥ O Xp + Ny + X H e Ny, = b

Radioactive

w Continred

@ The single equation stating that the total attenuation is the sum of attenuation by
all elements is not sutficient to tell us the contents of

any element. Thus, we need

Ap Xy + X, AN+ dy XX = b,

Ty Xy F Uy Xy T A Xy + b @, X b, X, = b,

S IV e R )

wy

VI N NS N N N e

@ Where b, is the sum of attenuation by all elements at energy leveli.

Kyung-Hee University |
7

Rodicactive Waste Laboratory §

£]
£
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3. Neutron Energy Spectrum Calculation of Accelerator Target

&Variable Energv Neutron Source

{ 1 Monocenergetic

77772, Two discrete groups

B 5rosk up neutrons present

e Range extended by going to back angles <150

‘[ Probable useful {imit

| Fricpny Be

Yetipn

-

= T
o= 00 £l .y 1

357 oy e

¢ Problem range >

B T T T i T i T
4 8 8 10 12 14 16 18 20

NEUTRON ENERGY [MeV]
Figure 2. uselful enerqy ranges of the "big~4" reactions

s

Kyung-Hee Universaty
Radioactive Waste Laboratory

3, Neutron Energy Spectrum Calculatzon q;fAcceIemtor Target

\‘@gﬁ

@D-D Nuclear Reczctmn

Neutron Energy :Me¥

o : i ; :
2% a & B 10

Incident Deuteron Energy : MeV

Figure 3. Reaction kinematics for 2H(d.n) °He

Kyung-Hee University
Rexfouctive Waste chomtory

g3

\@

3. Neatron Energy Spectrum Calculation of Accelerator Targer

& Rotational Geometry
E2~E3
£3-E4

g 0y

NG

e

4 b

aroand the neutron source to Ut (e .
H Lt 1 for neutron ¢ e technique.
: = Wher\ 2nough energy(8-10) bins have been

tha rewumr‘q linear.equation.sat tot each detector
can e solved tor-sbject;
Flaure 4. Aotational geometry

Rococxctive W

o Continued

Radicactive Waste Laboratory ‘.Z j:
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4. MCNP Simulation of TNT Detection iz Continued

S dfomic proportions of four HCNO compounds

Table 1. Compasition of INT

N R . aterial Atomic proportions ' 1 TNT(C;H,N,Og) 4
Groups # Material —~—~H = T i L 5 ™ 6) T N &) ! Total
! 1 Ammarium nitrate 4 0 2 3 Mass Thickness | g.oasa | 0.6025 | 0.3013 | 0.6888 1.63
2 - 16 8 1 i1 . ofem® .
3 2 ! 2 2 Atoms/ cm? 9.31€19 | 1.60E21 | 7.83620 | 1.796271 { 4.32£21
3 g 2 2 & - - bl I .
5 8 5 3 2 We’gh}i‘m““ 226 33.4 14.3 287 100
8 Nirocelivlose 7 6 3 10 LNzl
7 Hitroglyoering 5 3 3 g
8 THT P5 7 3 5
9 Tetiy1 | s 7 5 3 e . N .
16| Picric acid e 6 3 7 Table 2. Composition of TNT with cavering materials
2 . :
1 Heroin 20 17 i ! TNT Hexamine | Polypropylene(Pp)
12 jisD 25 20 3 1 ‘ - L TOYPIoRY
13 1 Cocaine 21 17 i 4 {CHMN,0L) {CgH M, ) {CeH,,0,)
14 torphing 18 17 1 3 N -
15 Mandrax 14 18 2 1 Density(gf cm?) ) 1.63 1.331 0.8
2 432621 571621 4.10621
8 16 | Paraffin wax a7 18 o 0 Aams/ om
17 Polyethylens 2 i 4] G
18 | ik 13 8 5 4
ther materials
Ara Meth, In Phys. Res. B 173 (2001) 483-502) mwn
Kyung-Hea University j{f},’;
Radkoactive Waste Loboratory 2] ) Rodicactive
=
Continued
, ATD Cio fimge Table 3. Case of TNT with covering malerials
@Geometry of MCNP Simulation 2 -
T ’ « 5 . . - TNT Staintess Steel{SUS410)
Yotal # of Al
sipments Nt Cr T Mn Si Fe
4 ! |
5 R
9
0
Fable 4. Neutron eneray bins used(in Mev}
Mumbaret | 225 | 25 | 275 a0 325 as ars «o 425 } 48 7,- 475 ‘ 5.0
Eneray Bins | 4o | o75 | 30 325 | 33 375 4.0 425 45 | 415 | 80 | s
4 ’ - . ] 1 k
s 1" T T ;
:
8
7
¥ TNT(mass fraction) © H{23.6%), C{33.4%), N(14.3%), O{28.7%} g . - ) I
® Energy bins — total 12 bins 0 - . : !
" . : ; : : :
% Good Geometry - monobeam, point detectar - - ﬁ S S e —

Kyung—Hee University {%ﬂ}
Radivactive Waste Laboratory W Roadicactive
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Attenuation coefficients of TNT(H, C, N, 0)

o
Mediar of en r@ew

Figure 6. Attenuation coefficients of INT{H, C. N, O

Kyung—Hee Uriversity
Rexlioactive Waste chorc:tory &

\@@

4, MCONP Stewlation of T:\’T’Dgrgc’riqrx
@Calculations of Linear Model

0.6307
1.6843

15008 11388

83T 01282 01286 ~0.08B3 ~U4316 ~0.2378 -0.0887 0.2083 OCZ’ES}
D.47E) 00782 02895 -D.OS7Z 0.1 ~0.1453 ~0.83 5}
3 00730 -D188Y 00789 07283 Q2 Q2100
32 00805 0VIS1 ~0.2363 ~0.0830 -D.0E31 00886 0,2390_

~0.1186 -1

At = -
~5.0883 -0.2
L»c 0931 0.003%

4, MUNP Simsitation of TNT Detection
&Relative Error

(Yo )+ (‘\“\‘( ) () (X))
W grrord, the relative vector error of (H, C, N, O}

errord, the selative vector error of {C, N, O}

Table 5, Properties and emord of TNT

Thickness i Weight fraction(%) J Elemental ratios ]
Com) W[ c [ w | o | oo | no B
H 23.8 335 32 28.7 17 0.50 G.18
4 737 33.8 13.9 2886 1,18 .48 1.07
7 23.8 341 13.5 28.6 1.18 047 2.08
10 23.8 34.4 13.2 28.86 1.20 0.48 298
True value 23.6 33.4 14.3 28.7 1.16
Radicoctive

-z Continued

Table 6. Properiies and errord of INT(S cm). Hexamine and
ﬂP

Hexamine & PP Four-constituent solution i Elemental ratios
H

Thickness{ cm ) i ¢ ] N ‘ Q ’ c/0 : N/O Error4(%)
01 13.72 39.90 16.58 29.80 1.34 0.56 22.3
VA 18.67 37.57 557 27.18 1.338 0.57 115
03 24.60 35.62 14.78 25.04 1.42 0.5% 35
0.4 23.76 34.00 14.03 23.2% 1.46 0.80 4.5
0.5 32.30 32.60 13.43 21.87 1.50 Q.62 214
0.8 35.36 31.38 12.33 20.33 1.54 d.84 278
True value 238 33.4 14.3 287 1.16 450 *
X [
Case 5
pr o |3 PP

Roxfiooctive
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Average relative atrot

-Continued

8230 T T + — 2,700
“
F 0278
0.225 4 I
® : &
a ® ®
hos b=
g i Logys B
g Py
el
W 02204 g.
© - 2
2 o215+ R
< Foara
8210 . 0270
4 8 & 0 12
Energy Bins
FHgure 7, Error3 & Errord of TNT(5em)
Hexamine and FFP
Kyung-Hee University

e COPHiIUED

100 e
0.9 & |t s

TNT(fem)_AKG.Qtem)_SUS(0.atcmy,

o000 b . IO
5 3 7 3 8 1
HNumber of Components used

Fligure 8, [C. N. Ol error for
various combinations of m and n

Rackooctive

Waste Laboratory §

wn
£xd

==

Average relative error

TNT{tem)_AKG.G1em), SUS(.01om)|

!

Number of Components used

Figure 9. [H. C. N. Ol errar for

yarious combinations of m and.n

Kyung-Hee University
Radioactive

Waste Loboratory {

mn
[

o Fastneutions. fromsD '

& Conclusions

2 Linear Attenuation Model t0"FN/§T s réliable.

2> The resulls encolrages should be o go flm‘,/)e'

More studies to decrease the size of &rror oeCUTIn:
quiestion exists with covering materials are requiréd snd the.e 3

spectrum analysis will be performed.

Rodeooctive




Silicon Substrate  Epoxy

0.9 mm
§
Kapton 0.25 mm







Validation f:the:préipcsé,d rethod. Comparison with measuremé.nt—
e ~angular dependence
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Doge function, Stopping power[MeV cm”2/g]

D= L (D(]:);LA (EYdE+ D,

L (EY P Restrictad mass electronic SOppng power
DEY. Energy spectrum of the electron fluence

D,,\ Residual energy deposited by track-ends electrons

1.E-03 1.E-01 1.E+00
Energy [MeV]

1E+01 1E+02
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Radiation Detector
Development in KAERI

2003. 10. 13.

Yong-Kyun Kim
Korea Atomic Energy Research Institute

# Gas-filled detector development
- GEM

— Jon chamber

+ For radiation monitoring system (RMS)
+ For beam loss monitor (BLM)

@ Scintillation detectors
@ Solid state detectors
— S1 detector
— CdZnTe or CdTe for new RMS

£fa

& c?»“,!:‘i Korea Atomic Fnergy Research Institute

Research using GEM

o GEM Gas Photomultiplier:
- narrow. independent multiplying channet
- opacity to photon and lon feedback:
high gain with noble gas mixture

o GEM for neutron detector

Voo e i

T IR oed

resdotit
wructee

wmamty Kapton wemsn COPREt ammans BOTOT: x&e;@";mmimnrxt

44 Korea Atomic Energy Research institute

Model of Ton Feedback —

G=c,g¢,¢,8,
@X—my ly=c,g fte.ge0,8,00, 1
Drift Plate Vo (Cathod DTS T8O 8
K s e - Ve (Cathode) /G = [(1/e,c0g, + i)
Ep e
=1{c,g,/G+ i
GEM1 fa [ 3 . NVair 10 G
ik wiuiwivieinielwiviuinlvlvieleg = [0 +He fe g, 262
Ve ti Ve SR
s Gain Effect, Ve Ve
. Vorr o collecrion efficiency af a GEM
- Signal (Anode)

e, extraction effiviency of a GEM

& rvedd wetsrof w CFAL

®  fon Feedback ratio ¢an be understood from the charged particle
transfer efficiency through a GEM.

Karea Awmic Energy Research institute



Experimental Setup

@ Assembled stainless chamber with
Be window(0.5 mm thick)

or

@ Inside of chamber mounted with
GEM detector

Drift Field, and Transfer Field ‘Effect

0.4
235 ¢
A
-l P 2
3 o 5]
xgzs [ + x
v 1 I x
& i s S
a E s 5
Qo2 . E
g 3 3
€015 E N * ANCQ, (9515) u
o H . s ANICQ, (63117) s
£ L o AriCO, {70130} =
61} i o« AriCO, (60:40)
b 9 4 <
0.05 t -
. L
& + k] 4 ¥ 3

3
E,lkvViem)

« lon Feedback ratio is very sensitive

0.24
022 | * AnCO, (B317)
= ARCD, (70730
32 + ACO; (80040}
§18

P
&
—
e
-

o s o
2 o 2=
g 2 8 =z
P
-
-
[
S
-——

@
2
8

L L 2 : X

233 35 4 45 3
EdkViam)

to the Drift Field.

% lon Feedback is almost independent to the Transfer fictd.

{ Korea Atomic Energy Research institute

%{fQ Korea Atomic Energy Research institute

- g -

* ArC0, (95/5) 04 * ArCO, (9515)
» ATICO, {8317) ’ » AriCO, (8317)
® AT/CO, (7030 ! o Ar/CO, (T0/30)
0t + AriCO, {50140} s ™ i 4+ ASICQ, (60140}
U ¥ AN, {355) s kS f * AR, {955}
3 & 5 ¥ +
s w82 *
e g %’ KA .
2 8 oy
Tut T Yotet
] g oty .
& w LIS N
§ ot b e '
) Ep = 2 kViem = g’gg Ey=2kViem 5
W Eq =3 kViem 0.07 E, = 3kViem °
0.08
i .05
, " L ,
25 275 206 328 350 375 400 425 438 415 500 . P pe o
YoeulV) Gain

u  {on Feedback decreases with gain.
m  lon Feedback is independent of gas mixture(diffusion).

Korea Atomic Energy Research Institie

Asymmetry Effect

0.22 -

02

o ACD, (83117)

o " ANICO;, (T0/30) +
2 oo | « ANCO, (60/40) '}
@
¥ ; |
8 o016 | ‘ !
2 ' .
k=3
2 t
& 0aa b . i . +
e 4 ,
2 . 4 . \ I 4

012 *

] I
I 4
81
6.08 X 1 A £ i X i i
250 275 300 325 350 375 400 425 450 475 500

Vaemi(V)

4 lon Feedback ratio becomes farger when V., is larger than V.

+ Kores Atomic Energy Research Institute
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Fitting with the Model

2.35 {a) ArfCO, (83/1T}

P E— = Y=atb/x2 form

i 1 L
2 3 4 3
10

10
Effactive Gain

®m  Deviation from the model in higher gain could be understood from the
avalanche extension.

» Kores Atomic Energy Research institute

Ion Chamber

Tetlon insutator

Collectng

Electrode @ Air-equivalent conductive plastic PVDF

@ mechanically connected to triaxial cable
@ collecting volume: 14.4 cm?®

@ Air-equivalent PMMA, Al
@ Cylinder diameter 100mm, length 200mm
@ Collecting electrode d=8mm, /=1735mm

& Collecting volume: 1500 cm? . ’
: . ¢ 'y Korea Atomic Energy Research institute

Ion chamber for RMS a

# Electrode : SS316L or PE
= Sealed gas : Ar, N, ]
# Collecting volume : 25,000 cc
# Designed to consider electron
equilibrium for 1 MeV y-ray
Comeminior (sl\i;v;\.\ . mx:u Steclocds {SuS/PLD
uus)\\\'\ "~ e
" £ | osantor {(P.E)
Ipsule o ;:um)\ /,f::::;!_ta?m e
taautotes {reqw)\? B
@ Disctiode (SUS/PEY

Frosg

fres—

gt (L)

1
R

oo asen I
o o ——
: .
S Ty
TSP
{PE

! | Korea Atomic Energy Rasearch Institute

Beam Loss Monitor for HPA 12

+ BLM system is for
1. the primary diagnostic tool for tuning
2. Preventing excess activation and equipment damage.
- Insulator

Guter Electrode

- Inner Etectrode

[

MHV
connector

" Guard Electrode
4 Filled with air.
4 Diameter of outer electrode: 38 mm
4 Inner clectrode: diameter of 6 mum (Type D, 16 mm (Type 23, 23 mm (Type 3)

< [nner Blectrode, Outer Electrode: Al Guard Electrode: Copper. asulator: Tellon

Korea Atomic Energy Research Institute
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Saturation Curve

T T T T T T L
20 L -
1 4 High voltage: ORTEC Model
20 = Type 2, Neg, Bias on Outer Electrode Ly 660
— + Signal: Keithley 6517A
77 1 Electrometer
2 'y , Y
R S I ¥ 4 & 60 keV y-ray from *'Am
3 {h i B incident perpendicular to the
2750 | J ~4 cylinder surface.
s Ld 4 Measurement of the influence
Ik of Bias potarity.
2450 t: ‘x L i i 1 .
I3 36y Jauls o 206y 23U R

Applied Voltage(V)

Korea Atomnic Energy Research institute

Diameter of Inner Electrode “

1400 . — . —_—
. 1
1200 }- 4
*  Inverse Voltage Method I
& 1000 L " Tw{) \ oltage Method
@ =« Fiting
G: 4
T sk §
T
&
R g
=
>
awok |
®
200 [. ) j
; &
o i 3 3 . H 1
5 i 13 20 73

Diameter of Inner Electrode

# The collected current is saturated in lower voltage as the diameter of the
inner electrode gets bigger.

=% Diameter of Inner Electrode 20 mm

88 Korea Atomic Energy Research Institute

High Voltage Bias Polarity

s

——— Y T o v r
= When high voltage s biased on the outer
w . [ clectrode, magnitude of curent is not
E ! s ‘ \ .
3 ' changed with bias polarity.
* *
v« e ! * 4 « When high voltage i biased on the inner
= - ~
clecrrode, the magnitude of cumrent 3
. b Out changed with bias polart
2 s n .
> hug.dn
v Mep Out
2ewit] =N '] A — i3 " A

9 S P e et Sun ol

VeltageiVy

CsI(Tl) detector for
the thickness gauge

#  Plastic scintillator for
B-ray RMS

< Korea Atomic Energy Research instifite



Semiconductor Radiation Detectors

#  Clean Room

“ > 47.6m7, class 1000
#  Thermal Evaporator

>

>
>

107 Torr
Thickness monitor ~ 0. Inm
4Ea W-boats, 800°C substrate

#  Wet-Station
% More equipments for semiconductor detector will be installed.

_89._

SSBD (Silicon Surface Barrier Detector)

MIS (Metal-Insutator-Semiconductor) structure

The spectroscopy of charged particle, aipha particle, heavy ion and fission
fragment

Particle identitication

Silicon Wafer {n-type, {111), 0.5 mm, 2000 kQ-cm)

Cutting (diameter of 3 cm)

Cleaning

Etching (CP-4A)

Housing

Metal Evaporation (Al, Gold) y, SiWafer  /
Packing \ L

s

Cold Electrode

Ceramiie

Al Electrode

* Schematic of SSBD
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Future Research

Room temperature semiconductor detector

» Semiconductor detector in radiation environment

~» Radiation hardness
High Z, large band gap semiconductor. operation in room
temp
The choice of GaAs, CdZnTe, CdTe over Si
Industrial application and the new RMS(Radiation
Monitoring System) Detector

H 1
H

Char
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Works on production and studies of t:ampiex oxide scintillation single crystals as a field of

** scientific research were initiated nstitute for Single Crystals in 1986 on the initiative of

i+ Academician’ V.P.Seminozhenk who alwiys. patd much attention to this scientific divection.
“ Great attention to works on oxide scintillators carned out under international programs was
paid also by Corresponding Member of the Academy of Sciences of Ukraine B.V.Grinyov.
Scientific and Technological Centet for Radiation Instruments (STC RI) of STC “Institute for
Single - Crystals” has been ¢ rrymg out development and Cdntinuous improvement of the
pmducmm £ imology xde smgle crystals (CWO,~(80, BGO, PWO) of high

" Extenswe studles Fave_ been carried out of thexr optical-
- luminescent, scintillation (iheluding’ ‘studies  under various

irradiation  conditions = and . absolute light yield), thermo-
stimulated and mechanical properties. Aftention was_paid both

. to_effects of various - technological parameters on  these

prcpemes -and: to fundamental aspects o nature of

. luminescence = centers,  mechanisms “of acc
- transformation of energy in crystals.
~ Our objective is to expand the
“possibilities of  application of
:'detectors based on these crystals
_in  various fields of modern
~ techniques ~ “and
* monitoring.

- Comparative characteristics of scintillators




of residual
stresses PWO < crystals  are
- difficult for mechanical i

= *Cloudy” region along t
axis leads to light scotterin

- Microinclusions and color ce
(intense yellow, grayish), caus

" decreases in optical transmissio
light output - and  radiation
stability. '

erved. dnerease” incoptical transmission can be explained by
eliminating of defects o} cloady” region, as well as residual post-
growth stresses after the first stage and by decemposition of color centers
P ~>Pb?, which leads to higher transparence in the A=360 nm band, and
O 0% < in the A= im -band “afier. the second stage of thermal
treatment (see Fig.1). v

N
f)

Transmition T, %

[N]
o

Fig. 1 Transmission spectra of PWO scintillator
1 = initial, 2 = after.the first stage, 3 — after the second
- stage of thermal freatment. ;

CONCLUSION

Thus, the above-indicated problems o -PWO crystals
CAN BE SOLVED BY CONSUMIN OF

’ stage—by-stage thermal treatment of “
crystals in a controlled atmosphere

This, under certain conditions, leads to stag
by-stage removal of defects of different typ
' and 1mproves transparence and scintillatio
: parameters. .




e The use of two-zone fumace in crystallization unit
—— - and improved growing technology allow'to
A _ . : produce GSO crvstals of large size without ¢

« of theead gradiens

Lok wmpers.

The thermal treatment in a controlled atm
- allows to improve transparence and energy
- resolutlon of GSO crystals;

0000000

: ‘Investrgatmns'of anisotropy of mechanical

~ properties of GSO crystals allow to establish

- optimal sequence of technological stages of their
. mechamcal treatment.

Effect of thermal treatment in a controlled
»Effegt_vﬂfr._ hermal eatme tin a controlle Scmtﬂlatmn characteristics
_-atmosphere upo nsparence and energy

resolution of GSO crystals | - of CWO crystals with different dopants

Mﬂﬂﬂ Nb
[EE | o[ [oor] o o s s os oo
Mﬂﬂﬂﬂﬂﬂﬂﬂﬂ

" ft

i o songoon{os 05 oo s ool o

‘ Analysis of the table data allows us to conclude tha
 Transmission spectrum of GSO(Ce Absorption of GSO(Ce)sample: el introduction of isovalent dopants in most cases does no
Corystal: F after thermial treatment,z—- 51~ before thermal treatment ; oo opractically caffect the light output and  afterglow as

- hefore theymal treatment 3-: difference 2 =~ after thermal treatment.
: * e , com ared w:th the nommall ure erystals.
‘between the transmission s of the For GSO(Ce) scintillator dia. 27 mm . p yp y

! annealed and nonannealed samples. 90 mm length with a HAMAMATSU : i
e o U307 PMT the energy resolution of 5 e Umvalent dopants decrease the afterglow and

(‘37(’5) was obtamed




: At pres ont xt is established:.
B Oxygen vacancies are predom tural defects in CWO crystals.
* After introduction of hetero dopants, _especially, tnvalent (Gd*,

Sm*, Ho®, Bi*Y; etc.), complex structures are-formed, Which comprise
‘ Therefore, such

| vAnalys1s Of CWO _TSL spectra obtained
for nominally pure crystals Ssubjected to thermal
annealing in different conditions (¢admium vapor,
vacuum, oxygen) allowed us to identif
- intense TSL peaks — T, =184 K and 208
The 184 K peak is due to the capture
“related to defects in the cadmium sublattice, ¢
the Tm=208 K peak — to defects in the oxyg
sublattice. ’

500 500 Too 308 400 500
Wavelenth, nm

*Transparence decreases i hei'500:-600‘ nm range

T -
= z
g >
g £
o -
. E £
1.0 Cdwo4
1) hmax=470 nm
2) %mex =590 nM
100 1)(\ dﬂ m ‘eo 200 m 2 0
5.5 L ; Temperature, {i) Temperature, (K}
1- temperature dependence of RL of 1- TL curve; 2- temperature
nonirradiated sample; 2- temperature dependence of Aly, ; 3- temperat
.04 1 L Lt T dependence of RL of irradiated dependence of release speed.

100 150 200 250 300

sample; 3~TL curve.




L intansity, (a0

Tempe

for nonanncaled sample'

annealed samp[

.- Temperature, (K}

Temperature dependence of
- photocurrent in annealed sampl
: under cooling (nonirradiated sam
75 2 ~ under heating (irradiated sam|

Intensity (aa.)

v
Ll
Temperature (K)

- The temi)er ure dependeice of photoluminescence of
BGO single crystals (T -490 nm., I

L2073

=285 nm)

'CONCLUSIONS

1 The lummescence of complex oxides crystals (CWO; PWO;

- GSO; BGO) thh accumulated light-sum has been studied.

: ~In this case the temperature dependen Juminescence
: have features it was estabhshed.

“ : ‘- Theyare contained in appearance of minima 0
“ the temperature intervals that correspond to the

o This effect has been conditioned on space correlati
- electron traps and the lummescent centers it was
- established.

» The electron traps and the luminescent centers add up ¢

complex. The accumulation and transformation of
excitation energy occurs in such complexes.

 BGO, GSO crystal samples was
’ measured '
g '.Scmtlllatmn characterlstlcs of bismu

~ germanate crystals under external and
internal radiation was studed.




AT m:w MEASUREMENTS
The use of GSO and CWO scmtxﬂators in

X-ranoe rad1ometers

OF OXIDE AND LKAL HALIDE SCINTiLLATORS

Figure 1: Response of scintillaters GSO, BGO and Nal(Tl) up
irradiation by *'Am and ¥'Cs.

1- NaK(T}) dia 25x25 mm?; 2- Nal(T1) dia 40x2 mm? (energy resolution
15-16% at 59.6 keV); 3- GSO 25x25%2 mm?® (energy resolution 23% at
59.6 keV); 4-BGO dia 25x25mm3 (energy resolution 38% at 59.6 keV).

[ : '
SCINTILLATION CHARACTERISTICS OF BISMUTH
'GERMANATE CRYSTALS UNDER EXTERNAL
AND INTERNAL RADIATION

A0
3000 -
2060

i

Do

Fnerpy, ke

Additional sources of the background for detectors bas SR - Figure 2: Response of oxide scintillators GSO and

s s i g odicd. A-aossibility b eb : " CWO upon irradiation by 2 Am and 'Cs. Shaping
germn 'e Fystals was stu fe . possibility has ! ; tirhe constants are equal o 6 yis.

shown for creation of reference scintillators on the basis :

bismuth germanate crystals irradiated by thermal neutrons.




t > use of _GSO.and CWO scmtﬂlators ol

The correction functions
AliAic

a0 | eReaimethod
b 4 Indirect method

15

Density, gfem3

4
mples at dlfferent densities obtained
by two dlfferent methods ;-

Measurement results for real Chernobyl samples obtained
lometer (GSO scintillator) and Ge(Li)
. spectrometer.

‘The  obtained scientifi

technical results have been widely:
used . in - production .of  CWO, :
BGO, ' GSO, PWO- crystals,
scintillators - and scmtnilatmn

. arrays and assembhes

2. They are realized wi
framework of inter
cooperation with Republ
Korea, USA, Germ
Netherlands, Russia, Fra
Switzerland (CERN)
other countries.

‘Characteristics of scintillation complex oxide single
erystais developed and produced by STC RI




* THE MOST IMPORTANT RESULTS

3. On the basis of BGO,
CWO; GSO single -

detectlon b'lo\_ckv |
‘been created.

Scxnttllafioﬁ"ﬂeteé{ion blocks
on the basis of BGQ, CWO,
- GSO crystals.

Techmca! character;stlcs of scintillation
' det" ction blocks

- THE MOST IMPORTANT RESULTS

4. A small-sized . portable -
alpha-gamma - - radiometer
~has been developed on the
basis of GSO, designed for:
measurements  of = specific
activity - of - 2¥Am ' under ©

conditions - “of . strong

background - radiation - of

other radionuclides.

Detection blocks - .émd n

radiometfer - are - now :in
experimental “operation  at
the. Chernobyl - exclusion
zone. ' el

Selective alpha-gamma radiom
RK-AG-02

Techmcal charactenstxcs of alpha-gamma
: radiometer RK-AG-02




- :,',;,Ukra ne in h_é ”::ﬁeld of science a

’ftechno ogy in 2000

~ THE MOST IMPORTANT RESULTS

our
~complex
scintillation cryst,,
~instruments . on
: base.

THE MOST IMPORTANT RESULTS

Golden Medal (RSB IENEGTNE

®  Inventions Exh
(Geneva, Switze
2002), achievemery
STC RI were marked
by Diploma and
Golden Medal.

- THE MOST IMPORTANT RESULTS

In 2001 STC Ri has

_ obtained an award at
_ the All-Ukrainian
Inventions = gl
- Competition, as well as
- Diploma of the
_International Open

Popularity & Quahty

. Rating “Golden




 THEMOST IMPORTANT RESULTS
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On the choice of scintillators for
“scintillator-photodiode” detectors
for digital radiograph

V.D.Ryzhikov, D.N.Kozin

STC for Radiation Instruments, Concern
“Institute for Single Crystals”, 60 Lenin Ave., 61001,
Kharkov, Ukraine

e-mail:steri@isc.kharkov.com

Introduction

¥ Choosing the best scintillator for each specific case is one of the main

problems to be solved in the development of instruments and equipment
based on scintillation detectors. In principle, the ideal scintillator should
possess the following properties: high density, high atomic number, high
scintillation efficiency, short emission decay time, low afterglow, good
spectral matching with a photoreceiver, and low price. However, such
“ideal” scintillators do not exist, and in each specific case a compromise
should be looked for, choosing the best suitable material among the
available scintillators. In using the linear matrix for detectors and the
radiation source, the relevant characteristics can be listed in the following
order according to their relative importance:
: Low afterglow — less than 1% after 2 ms;
% High chemical, temperature and radiation stability;
. High density (> 6 g/fcm?);

Luminescence range 500-1000 nm;

High scintillation efficiency >15 000 ph/MeV.

The theory

As the principal characteristics of a radiographic system are Sensitivity
(detecting ability) and spatial resolution, we propose the following expression
for refative sensitivity as criterion for efficiency of the scintillator used:

-

T aEy e
1 AS Jrati-
x

S I gyl

J
(;7)1’ = ,, TS $ 7 Fan ]
(=, i'-\r_j.f:)) (f] af{f}v
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where: A; is the contribution of the ith component of the scintillator X-ray
tuminescence, o is diameter of the wire, cm, Q are exponential components
of the scintillator X-ray luminescence, s, r Is the time constant of the
amplifying circuit, s, degis the object thickness, cm, V' is the object movement
speed, cmis, ofE) is the dose contribution of a specified energy in the X-ray
radiation spectrum, uefE}, (E) are linear attenuation coefficients of the
object and background object, B(E) is absorption factor of the scattered
radiation from the object, 45/8 is the threshold contrast of the system (signal
to noise ratio for the detector with the amplifying circuit).
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Where gsec, g+ are quantum efficient of the scintiffator end the photodiode:

psc is the linear attenuation coefficient of the scintiltator. cm™”; yso is linear
coefficients of electronic conversion of the scintifator, cm * dse  is the
scintiltator thickness; Ry is the light colfection coefficient in the scintillator to
the photodiode, Ksz is the spectral matching coefficient of the scintillator
luminescence spectrum and the photodiode sensitivity.

The third part describes
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Fig.1. Testing board for measurement of decay time:

t-pulse X-ray source Mira-2D; 2- X-ray filter; 3. scintillator;

4- optical collimataor; S-fiber optics light transducer;

6~ optical attenuator; 7- PMT; 8- oscilloscope; 8- PMT power supply;
10« Xoray source control block; 11- protection chamber.

T

—

Fig.2. Testing board for measuwrement of afterglow: 1- X-ray source with
controlied grid; 2- tested scintillator; 3- photodiode; 4- reference
scintillator; 5- preamplifiers; 6- commutator; 7- 15-digit ADC; 8- memory
buffer; 8- transmitter; 10-multiplexer; 11- state register; 12- decreasing
step generator; 13- memory buffer controlling device; 14. genarator; 15-
command decoder; 16-receiver; 17 PC.

Experimental data arrays g, are approximated by an exponentially decreasing
function of the form
ft)=a,exp(-t/Q )+ ayexp(-t/Qy)+... va,exp(-t/Q) : 2 .(3) ) .
Approximation parameters a, and Q, are determined by the least squares method.
i.e., by minimization of the functional

@ = i), (4)
The system of normal levels obtained by minimization of @ is non-linear and can
be solved numerically by iterations.
Joining the solution segments together was carried out under conditions of
monotonous and continuous amplitude-time characteristic of the scintiltator. The
respective expressions for these scintillators can be written down as:
for ZnSe(Te)-fast
1{1)=63,1 exp(-t/3,18)+31,1-exp(-t/19,61)+3,59 cxp{- /1 06+ 2. exp(-/500)+
+0,2-eXp{-4100)+0,01-exp(-1/ 7850600}
for ZnSe(Te)- slow
1{t) =94,9-exp(-/10,2)}+3 exp(-t/19)+0,03 exp{-HBTBE0)+2,07 exp({-L2800)
for Csi{T)
{1)=91,91 exp(-t/0,96}+4,7-exp(-1/784)+2,7 exp(-t/58731)+ 0,41 exp{-t/43153}+
+0,28-exp{-t/1016711)
for CAWO,
1(t)=49,868 exp(-t/1,9)+49,868.exp(-t/16,5)+0,25 exp(-t/2546)+0,0 14 exp{--
-t/629184)

100
10
= 1y : 2
., g —o—2ZnSe(Teiast | » 5
E ~@--- Zn8e{Te)-slow K P
0,14 | - CskTh l‘; 5
[ P CdWO, ! B
0,01 +—rrrrm

001 04 1 10 100 100010000
f,us

Fig.3. Amplitude-time characteristics of scintillators
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1,06 -

1.04

N - - . ZnSe(Te)-fast ; e : Vi

S ZnSe(le)slow | /
e Cs [ Th-improved ;.
D (A WO
— s CsYThusual -

V,em/s

0,1 1 10 100 1000

Fig.4. Dependence of relative sensitivity on spead of moving the
object at initial sensitivity of 1 % and thickness of a delay of
phantom 0.01 cm for 8C.

Fig. 5. Relative sensitivity of the detecting system using Zn5e{Te),
Csl{Tl), CAWQ, -based detectors as function of radiation energy at
different speed of the ohiect movement.
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Conclusions

In this work, a method has been proposed for efficiency evaluation
of scintillators used in “scintillator-photodiode” type detectors for
digital radiography. The method is based on expressing the relative
sensitivity as function of scintillator characteristics.

Mathematical expressions have been obtained for amplitude-time
characteristics of scintillators CsI(T1), ZnSe(Te), CdWO,, which can
be used in designing radiographic systems. Basing on these data, it
is proposed that

- 7ZnSe(Te) should be used in the 20-100 keV range at object

movement speeds up to 100 am/s,
CsI{(TH ~ 90-500 keV, up to 100 am/s,
CdWO, - > 150 keV at speeds up to 500 cm/s.
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