Energy Deposition of a ZnWO0O, Thin-Film Scintillator
KAIST for High-Resolution X-ray Imaging

¢ Nuclear & Quantum Jaewoo Lee?, Ju Hyuk Lee?, Heon Yong Jeong?, Taeyun KimP<, and Sung Oh Cho®
NQe y g Jeong?, Taey g

Engineering
Quantum aDepartment of Nuclear and Quantum Engineering, KAIST, Daejeon, Republic of Korea
Q BE Eﬁﬁmﬁﬁn ok bHANARO Utilization Division, KAERI, Daejeon, Republic of Korea
: Sl ‘Department of Transdisciplinary Studies, Seoul National University, Seoul, Republic of Korea
*Corresponding author: socho@kaist.ac.kr

Introduction Results & Discussion
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® Characteristics Depending on Scintillator Thickness
v' Scintillator thickness =» Image resolution!*!

W Comparison of thick scintillator and thin scintillator
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Higher sensitivity Higher sensitivity A (a) Relationship between tube current and tube voltage at a fixed 50 W tube power and

Advantage High sensitivity Easy fabrication High spatial resolution (b) calculated X-ray energy spectra at various tube voltage/current conditions
Flexibility High stability

v Constant 50 W tube power: (Tube voltage) o« (Tube current)!
- Changes in the number of electrons incident on the target
= (The number of electrons) « (Tube current)

v’ Glass-type thin-film scintillator v" Two W characteristic X-rays near about 10 keV
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Disadvantage

- High-resolution X-ray Imaging Not observed at the 10 kV,/5 mA case
The higher the tube voltage, the more the number of X-ray photons
Obtained by multiplying the number of electrons in each case

The number of generated X-ray photons

® Research Focus
v" Investigate the energy deposition of a glass-type ZnWO, thin-film

scintillator using the Monte Carlo N-Particle (MCNP) transport code calculated from MCNP simulation
- X-ray tube with constant tube power for high-resolution X-ray Tube voltage (kV,) Number of photons (s™)
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® Geometry Construction X-ray Tube v’ Assumption: Absorbed energy ° Tube votage (Vpy *
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D: diameter of the lens (0.75 cm)
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Conclusions

Energy deposition of the ZnWO0, thin-film scintillator was analyzed
using MCNP simulation for achieving high-resolution images

W target — i 4 A Simplified construction of (a) the X-ray tube and (b)

1 X-rays incident on the scintillator for MCNP simulation
Accelerated electrons

The energy deposited in the scintillator increased as the tube
voltage is higher, but energy absorption fraction was decreased

a)
MCNP Simulation :
v' Electron source 5
1 cm away from target
Mono-energy
X-ray distribution
F4 tally with energy bins (Mode P, E
and 10° nps)
Importance: 1 (photons and electrons),
0 (void)
v Energy deposition
X-ray source: Histogram for continuous
energy distribution using “SI” and “SP”
Disk source and uni-direction
- *F8 tally (Mode P, E and 108 nps)
Importance: 1 (photons and electrons),

It is necessary to obtain a reasonable tube voltage condition that
can exhibit the best image resolution by reflecting both energy
absorption and absorbed fraction
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A (a) Defined cells by MCNP, and a
3D image of simulated (b) X-ray tube
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