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SNU-NE covers
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Radiation Biology
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Radiation/Plasma Therapy
“Theoretical approach for fusion plasma “Experimental approach for fusion plasma Radiation Source Characterization
physics” physics and fusion-related technology”

Radiation Risk

Tokamak turbulence theory
Transport barrier physics
Modern gyrokinetic formalism
Gyrokinetic simulation
Gyrofluid simulation N
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* Tokamak experiment (VEST)
* Heating and current drive
* Fusion plasma diagnostics

""!)\ \k * lon beam source
Ryt .

Fusion neutron diagnostics
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* Plasma lon Source

*  Particle Accelerator

* High Energy Density Physics
*  Pulsed Power

* Plasma Application

Tokamak operation scenario
Integrated modeling and
control of tokamak plasmas

* Sheath physics
* Plasma diagnostics
* Dry etching/PECVD/PEALD

Plasma transport and stability -‘ * Plasma surface interaction
analysis U4 4123 * Bio/agriculture applications
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* Radiation Imaging Technique
* Radiation Detection Methods
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Nuclear system engineering

® Reactor physics

Boltzmann neutron transport equation
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Nuclear system engineering

® Thermo-hydrodynamics

Hydrodynamic equations
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Fusion & plasma engineering

® Fusion plasma physics: Magneto-hydrodynamics or kinetics

Boltzmann transport equation Maxwell equation
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Fusion & plasma engineering

® Fusion reactor engineering

4 Core Plasma: Blanket: Super Cond. Magnet:
Plasma Physics, NethFoR—ERE Electrical Eng.
Control Eng. Material Eng. Htra Low Temp. Tech.

Heating Device:
High Power Tech.

S 7
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Fusion & plasma engineering

® Plasma applications

'Clean air’
— = semiconductors
and wa « nanomaterials

. ificati * polymers « commercial & planetary space propulsion
. ﬁiﬁgmﬂg{?m * textiles « bioagent destruction
+ waste treatment + directed energy weapons
nealth and
medicing;
* Hp reformation economics K ot
« photovoltaics efficiency and selectivity , :;mg‘t’;?‘b“"y
« efficient lighting oz

predictability
theory, codes, diagnostics, data

generation,
stability & control

interactions with
complex surfaces

01—Plasma TV
- 02—Plasma-coated jet turbine blades
plasmas in 03—Plasma-manufactured LEDs in panel
multiphase media 04—Diamondlike plasma CVD

eyeglass coating
05—Plasma ion-implanted artificial hip
low-temperature plasma science 06—Plasma laser-cut cloth
07—Plasma HID headlamps
08—Plasma-produced H, in fuel cell

stochastic and
chaotic behavior

Plasma Science: Advancing Knowledge in the National Interest (2007)

09—Plasma-aided combustion
10—Plasma muffler

11—Plasma ozone water purification
12—Plasma-deposited LCD screen

13—Plasma-deposited silicon for
solar cells

0.2

14—PI.
14—F P

15—Plasma-sterilization in
pharmaceutical production

16—Plasma-treated polymers
17—Plasma-treated textiles
18—Plasma-treated heart stent
19—Plasma-deposited diffusion barriers
for containers
20—Plasma-sputtered window glazing
21—Compact fluorescent plasma lamp

10

Introduction to Nuclear Engineering, Fall 2022

L SEOUL
¥ NATIONAL
K univeRsITY




Radiation engineering

® Radiation biology and medical application
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Radiation engineering

® Radiation source and particle accelerator
high frequency
) :
accelerating
voltage

source of protons

To Bending Magnet
Beam Line

To Wiggler
Beam Line

Source anode

Gas reservoir — —
Vacuum Chamber

drift tubes radio-frequency
I/ power source

High-voltage
power supply

proton
source

© 2007 Encyclopzedia Britannica, Inc.
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Radiation engineering

® Radiation detection and measurement
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Syllabus of Nuclear Engineering 2

® Radiation engineering

>
>
>
>
>

Radiation and radioactivity

Radiation interaction with matter
Radiation source technology

Detection and measurement of radiation
Radiation dose and hazard assessment

® Plasma engineering

>
>
>
>

Basic concepts of plasma

Plasma and sheath

Plasma source technology

Plasma applications and related issues

® Fusion engineering

>

Fusion energy

» Various fusion concepts
» Tokamak

>

Issues in fusion nuclear technology
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Textbooks and references

® Radiation engineering
» J. Turner, Atoms, Radiation, and Radiation Detection, Wiley (2007)

» A. Waltar, Radiation and Modern Life: Fulfilling Marie Curie’s Dream, Prometheus
Books (2004)

» C. Grupen and M. Rodgers, Radioactivity and Radiation, Springer (2016)
> Arthur Beiser, Concepts of Modern Physics (6" ed.), Mc-Graw Hill (2003)

» N. Tsoulfanidid and S. Landsberger, Measurement and Detection of radiation, CRC
Press (2015)

® Plasma engineering
» F. Chen, Introduction to Plasma Physics and Controlled Fusion, Springer (2016)

® Fusion engineering
» G. McCracken and P. Stott, Fusion: The Energy of the Universe, Elsevier (2005)
» F. Chen, An Indispensable Truth, Springer (2011)
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Curriculum
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Classification of radiation

® Radiation: transportation of mass and energy through space

Non-ionizing lonizing \

radiation radiation Alihi
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, ¥
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particle particle particle
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Directly and Indirectly lonizing Radiation

® Directly lonizing Radiation: Comprises charged particles (electrons, protons, a-
particles, heavy ions) that deposit energy in the absorber through a direct one-
step process involving Coulomb interactions between the directly ionizing
charged particle and orbital electrons of the atoms in the absorber.

® |ndirectly lonizing Radiation: Comprises neutral particles (photons such as x-
rays and y-rays, neutrons) that deposit energy in the absorber through a two-
step process as follows:

» In the first step a charged particle is released in the absorber (photons
release either electrons or electron/positron pairs, neutrons release protons
or heavier ions).

» In the second step, the released charged particles deposit energy to the
absorber through direct Coulomb interactions with orbital electrons of the
atoms in the absorber.

18
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Photons

® A photon is regarded as a quantum of excitation in the underlying
electromagnetic field.
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Chadwick’s paper (Nature, 1932)

Possible Existence of a Neutron

It has been shown by Bothe and others that
beryllium when bombarded by a-particies of polonium

i iati t penetratin wer, which
hasan absorption coefficient in lead of about 0-3 (em.)2.
Recently Mme. Curie-Joliot and M. Joliot found,
when measuring the ionisation produced by this
beryllium radiation in a vessel with a thin window,
that the ionisation increased when matter containing
hydrogen was placed in front of the window. The
effect appeared to be due to the ejection of protons
with velocities up to a maximum of nearly 3 x [0% cm.
per sec. They suggested that the transierence of
energy to the proton was by a process similar to the
Compton effect, and estimated thatthe beryllium radia-
tion had a quantum energy oif oU x 10% electron volts.

1 have made some experiments using the valve
counter to examine the properties of this radiation
excited in beryllium. The valve counter consists of
a small ionisation chamber connected to an amplifier,
and the sudden production of ions by the entry of a
particle, such as a proton or a-particle, is recorded
by the deflexion of an oscillograph. These experi-
ments have shown that the radiation ejects particles
from hydrogen, helium, lithium, beryllium, carbon,
air, and argon. The particles ejected from hydrogen
behave, as regards range and ionising power, like
protons with speeds up to about 3-2 x 10° em. per sec.
The particles irom the other elements have a large
ionising power, and appear to be in each case recoil
atoms of the elements.

target material

T > !T_E_’ to an amplifier
l] | (o)

o)— X ----- | | ----- >
—> B ----- > | | ----- >
o)—> B ----- > | ----- >
Beryllium Lead
(a)
5.7-MeV
protons
o)y < ] ----- > *—>
o)— X ----- > R
@— pos [N > *——>
Beryllium Paraffin
(h)
55 MeV
PSS *——>
e o>
- o >
Gamma rays
5.7 MeV
O—> *—>
Oo—>» o—>
O—» o >
Neutrons
(d)
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Chadwick’s paper (Nature, 1932)

If we ascribe the ejection of the proton to a Compton
recoil from & quantum of 52 x10% electron volts,
then the nitrogen recoil atom arsing by a similar
process should have an energy not greater than about
400,000 volts, should produce not more than about
10,000 ions, and have a range in air at N.T.P. of
about 1-3 mm. Actually, some of the recoil atoms
in nitrogen produce at least 30,000 ions. In ecol-
laboration with Dr. Feather, I have observed the
recoil atoms in an expansion chamber, and their
range, estimated visually, was sometimes as much
as 3 mm. at N.T.P.

These results, and others I have obtained in the
course of the work, are very difficult to explain on
the assumption that the radiation from beryllium
is a quantum radiation, if energy and momentum
are 10 be conserved in the collisions, The difficulties
disappear, however, if it be assumed that the radia-
tion consists of particles of mass 1 and charge 0, or
neutrons. The capture of the a-particle by the
Be® nucleus may be supposed to result in the
formation of a C!2 nuecleus and the emission of the
neutron. From the energy relations of this process
the velocity of the neutron emitted in the forward
direction may well be about 3 x10° em. per sec.
The collisions of this neutron with the atoms through
which it passes give rise to the recoil atoms, and the
observed energies of the recoil atoms are in fair
agreement with this view. Moreover, I have ob-
gerved that the protons sjected from hydrogen by the
radiation emitted in the opposite direction to that of
the exciting a-particle appear to have a much smaller
range than those ejected by the forward radiation.

This again receives a simple explanation on the
neutron hypothesis.

If it be supposed that the radiation consists of
quanta, then the capture of the e-particle by the
Be® nucleus will form a C'* nucleus. The mass
defect of C® is known with sufficient accuracy to
show that the energy of the quantum emitted in this
process cannot be greater than about 14 x 10% volts.
It is difficult to make such a quantum responsible
for the effects observed.

It is to be expected that many of the effects of a
neutron in passing through matter should resemble
those of a quantum of high energy, and it is not easy
to reach the final deeision between the two hypo-
theses. Up to the present, all the evidence is in
favour of the neutron, while the quantum hypothesis
can only be upheld if the conservation of energy and
momentum be relinquished at some point.

J. CHADWICK.

Cavendish Laboratory,

Cambridge, Feb. 17.

aBe+ a - 12C +n
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The Sun’s energy

| are heated so much they turninto a
| “plasma’ state, where electrons no longer
| orbit the protons in the atoms’ nudei. The
“freed’ nudlei then fuse to form helium
| atoms and neutrons, This fusion process
unleashes vast bursts of energy.
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What is a plasma”?

Heat / Energy

TN
Bl

D> @[
%E!
Cold » Warm Hot Hotter
Solid (ice) Liquid (water) Gas (Steam) Plasma
0°C 100°C ?°C

® A Plasma is quasi-neutral gas of charged and neutral particles which exhibits
collective behavior. (Francis F. Chen)

® Plasma is a gas in which a certain portion of the particles are ionized. (Wikipedia)
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Semiconductor manufacturing

Samsung Announces the Exynos 9825 SoC: First
Inm EUV Silicon Chip

by Andrei Frumusanu on August 6, 2019 9:30 PM EST

Bitline:
Copper metal fill

Contoct: Flex™ channel hole etch
Atomic-scale process control

ol Level Contact is required in addition to

High aspect ratio etch micron-scale etched depths

Stack:
Alternating film deposition

Stit:
High aspect ratioetch

Stair:
Staircaseetch

Channel: Word Line:
High aspect ratio etch Tungsten metal fill

Aspect Ratio = 9:1 Aspect Ratio = >40:1

Etched profile
control precision:

Angstroms

Etch depth
capability:

Microns

The Burj Khalifa, tallest Channel hole etched for ©.2077 Lagn Raseench Corp. || Flash Mamory Summit; 9

structure in the world 90+ layer 3D NAND

© 2017 Lam Research Corp. | Flash Memory Summit
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