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SUMMARY

[. Title : Industrial Applications of Accelerator Technologies

. Purpose and Necessity of Research & Development

PEFP(Proton Engineering Frontier Project) put its aim on development of high power
linear proton accelerator and its beam applications. So, it has, since late 1990's,
accumulated accelerator & 1on source technologies, supplied beam utilization service to
related industry.

As of now, right after 10 year long project(PEFP), many of its low energy beam
technologies seem to be successfully utilized for industrial purpose to meet the market
needs, especially in improvement of production process and manufacturing performances,
new substance development, etc. In this context, it is high time to carry out in-depth
industrialization development on PEFP’s retained ion beam technology prowess: To help
them diffused profitable markets as soon as possible.

So, in this work, through verification on the industrialization feasibility by experiments,
it is going to get it started, with cooperation of participatory company, to enter into

markets with developed technology and products.

III. Contents and Range of R&D

1. To support, with low energy beam technology, mid&small sized firm of

technical weakness

— Operating ion beam accelerator facility & Technical support for Beam user

- Jon beam user data base management & services system development

— Support on mid&small sized firm's bottle neck technology

- Taking R&D project initiative based on verification on the industrialization

feasibility by experiments

2. Advanced material development & components improvement in functionality
with low energy beam technology

— Cohesiveness improvement of colored ceramic coating on metallic mobile phone

case using ion beam mixXing

- VIl -



- Process technology development of liquid crystal alignment using ion beam on
inorganic surface for large sized LCD

- Cu coating cohesion improvement on Metal PCB

Ion beam abrading technology for plastic injection molding machinery

- High glossy polymer surface modification technology for car interior using ion
beam as an alternative technology of metal plating

- Jon implantation applied superhydrophilic surface modification technology
development

— Jon beam based color formation of gemstone technology development

- Jon beam based advanced material development for industrial purposes and

component performance enhancement

3. Technical support for technology transfer licensee with development of

dedicated beam facilities for mass production
- Accelerator technology applied mass production facilities development

- Technology and facilities transfer and utilization

IV. Results and Utilization of the R&D

1. To support, with low energy beam technology, mid&small sized firm of

technical weakness

— Industrialization strategy development completed for ion beam based application,
which leads to positive feedback between R&D and industrialization

- Jon beam user data base management & services system development completed

- Operating 4 ion beam accelerator facilities(gas, metal, dual typed, and high current
ion beam facilities) & Technical support for Beam user

— Jon beam service performance : 2,059 processes for industry, 981 for universities,
232 for research institutes, totally 3,271. ¥Service period: Jan. 2008 - Dec. 2012(4
years 8months)

- User satisfaction : 92.2 point(year 2010), 93.3(year 2011), 92.1(year 2012)

- Support on mid&small sized firm’s bottle neck technology: More than 30 company
such as Hyundai Motor Company, Kiswire LTD, Samsung Electronics, Samsung
SDI, Shinki Intermobile, etc.

- 6 companies involvement in PEFP’s R&D projects: Intertech Inc., ISYS Inc., Ness
Inc, WinnerTech Inc, Shinki Intermobile Inc, UNBOPC Inc)

- 6 governmental & company commissioned R&D project performed. 2 company

- Vil -



commissioned R&D project arranged

2. Advanced material development & components improvement in functionality

with low energy beam technology
— Cohesiveness improvement of colored ceramic coating on metallic mobile phone
case using ion beam mixXing
e (Cohesiveness improvement using ion beam mixing process developed: 100nm
thickness ceramic layer deposition on Mg alloy and subsequent irradiation of
70keV Nirogen
e Through thickness control of Fe:Os coating or SiC coating layer, various
coloring technology developed: Pilot product manufactured
e Additional SiO; coating for anti-fingerprint property
- Process technology development of liquid crystal alignment using ion beam on
inorganic surface for large sized LCD
e Polyimide film/Glass’s optimal condition, of ion beam used alignment process,
successfully identified — Argon beam 3keV, 2.7X1Olsions/cmz, irradiation angle of
60 degree
e DLC film/Glass’s optimal condition, of ion beam used alignment process,
successfully identified — Argon beam 3keV, 3~5X1Olsions/cmz, irradiation angle
of 60 degree
e Duo-PlIGatron ion source outlet design : bmm diameter, 4 hole structure design
— 3keV, 4mA(1.8¢A/cn’) irradiation for 15 inches LCD process
e Using ion beam wused alignment process, 5 inches LCD pilot product
manufactured and operation successfully tested
- Cu coating cohesion improvement on Metal PCB
e (Cu seed layer by ion beam mixing method passed Cohesiveness test. Thick
conductive film(30mm thickness) of Cu , with the combined treatment of ion
beam mixing, additional coating, and heat treatment, passed cohesiveness
test(ASTM D3359 tape test)
e Pull-off test result : 3.02MPa, 4 times performances improved
e Thermal Cycle test passed reliability standard
e Other reliability test results : Thermal conduction — 138W/m - K (Standard:
>50W/m - K), High temperature exfoliation property — 5007 (Standard: >5007T),
Breakdown Voltage — 1500VDC (Standard: 2300VDC)
- Jon beam abrading technology for plastic injection molding machinery
e Xenon beam, 10keV, irradiation angle of 30 degree @ — With ion beam

abrasion, surface roughness 200% decreased

_|X_



e Nitrogen beam, 120keV, 1X1Olsions/cmz, vertical irradiation — With ion beam
abrasion, surface friction coefficient decreased (Mold releasing property
improved)

- High glossy polymer surface modification technology for car interior using ion
beam as an alternative technology of metal plating

e Nitrogen with Helium beam, 90keV, 2X1017ions/cmz, —  Surface roughness
decreased and glossiness 200% increased

e Nitrogen with Helium beam, 70keV, 1X1Olsions/cmz, —  Surface hardness
3.5GPalas hard as steel) or more. anti-scratch property improved by 3H or
more (equivalent of Hyundai Motor Company’s requirement)

e Nitrogen with Helium beam, 90keV, 2x10"ons/cnt — , 21 day exposition under
the condition of Temperature 89+3C, humidity 50+5%, UV light 340nm —
Passed Hyundai Motor Company's reliability test standard

e Mixed with molding technology, Metal like skin and Dark Chrome skin
developed

- Jon implantation applied superhydrophilic surface modification technology
development

e Nitrogen beam, 40keV, 5X1017ions/cmz, Al1100 — Initial superhydrophilic
property, contact angle stayed in 25 degrees or less after 30 day durability test

e Nitrogen beam, 40keV, 5x10" ions/cf, 100pA/ct — Wet/dry cycle test result
shows contact angle staying in 20 degrees or less

— Jon beam based color formation of gemstone technology development

e Proton beam, ZMeV, 1x10" ions/ert — Green diamond developed

e Mn beam, 100keV, 1x10" ions/cm, post heat treatment — Brown sapphire
developed

e Co beam, 90keV, 1x10" ions/cm, post heat treatment — Blue sapphire
developed

e Fe beam, 90keV, 1.6x10" ions/cnf, post heat treatment — Orange sapphire
developed

e (Cr beam, 90keV, 1x10" ions/cm, post heat treatment — Green sapphire
developed

- Jon beam based advanced material development for industrial purposes and
component performance enhancement

e Manufacturing process development for diaphragm of micro speaker and think
film speaker: SiC coating by ion beam mixing — Sound pressure enhanced
around the natural frequency

e Sn noncondutive coating process development: Sn coating by ion beam mixing



— Cohesiveness more than 30N, Surface resistance 1k2/cm

3. Technical support for technology transfer licensee with development of

dedicated beam facilities for mass production
- Jon beam accelerator manufacturing license aquisition
e The first acquisition in Korea (Nuclear Safety and Security Commission, July
31, 2012, License No. 25-31-00)
e Beam current 8mA or more, and five types of ion beam accelerator
manufacturing possible
— Dedicated ion source development for high speed etching
e Purpose: Preprocessing purposed high speed ion source development for
elimination of oxided substance on the surface of steel sheets before Zn-Mg
alloy coating process( Alternative technology on Zn plating on steel plates)
e 20kV, 200mA, 4.5mA/cnt bucket typed ion source developed
e FEtching Performance: 13.3nm/s(Static), 12.2nm/s(Dynamic) performed, whereas
Target Performance is 22nm/s
- Pilot facilities development of surface modification purposed ion beam facilities for
high glossy car interior using ion beam
e Pilot facilities developed and installed
e Optimal condition of mixed ion beam irradiation — No:H gas flow ratio 1:3,
90keV, 4x10'" ions/cn

90kV, 50mA, 30x30cm beam extraction and irradiation succeeded

Optimal mass production condition test considering economic feasibility

Jig design completed and pilot product going to Hyundai Motor Company by
the end of this year

Agreed on memorandum of understanding for technology transfer

V. Utilization Plan of R&D Results

Making the best of competitive situation with the developed ion beam user
management framework, beam user promotion, ion beam based technology development,
technology transfer and ion beam industry foundation construction are subsequently

expected.
— Cohesiveness improvement of colored ceramic coating on metallic mobile phone

case using ion beam mixXing

e Jon beam mixing method, applied to coloring coating and anti fingerprint

_Xl_



coating, 1s breakthrough technology to drastically enhance cohesiveness of thin
film; So, for it is expected to be utilized as an alternative technology for the
buffer layer based methods such as semiconductor coating, it i1s going into
industralization as soon as a suitable technology transfer company comes in
- Process technology development of liquid crystal alignment using ion beam on
inorganic surface for large sized LCD
e [iquid crystal alignment using ion beam technology is variously applicable to
other fields; So, properly industrialized in the future as soon as a suitable
technology transfer company comes in
- Jon beam abrading technology for plastic injection molding machinery
e Also, surface abrading technology for plastic injection molding machinery is
variously applicable to other fields; So, properly industrialized in the future as
soon as a suitable technology transfer company comes in
- Cu coating cohesion improvement on Metal PCB
e (Core technology development of Metal PCB Cu conductive film formation was
the first in the world; If its peripheral technologies are addressed such as
making oxide layer thicker, its industrialization is going to be started in the
future as soon as a suitable technology transfer company comes in
- High glossy polymer surface modification technology for car interior using ion
beam as an alternative technology of metal plating
e For the participatory company has agreed on MOU of the technology transfer,
commercialized products going to be made and going to Hyundai Motor
Company
- Jon implantation applied superhydrophilic surface modification technology
development
e Mass production was considered during its development, high current ion
source 1s properly going to be commercialized as soon as its mass
productivity secured
- Jon beam based color formation of gemstone technology development
e (Color formation of gemstone technology has possibility to make high
value—added application by adjusting color layer’'s thickness with depth and
direction of implantation development and industrialization of high energy metal
ion implanter
— Dedicated ion source development for 200mpm high speed etching in cold rolled
steel sheet manufacturing
e TFor irradiation bandwidth of high speed etching ion source(20keV, 1A)
increased to 1.5m, it is possibly going to be industrialized in POSCO’s related
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facilities in 2015.

- Xl -



Contents

Chapter 1 Summary of R&D PrO]eCt ............................................................................................. 1
Section 1. ObjeCtiveS OF R&DD srevrerereneementtei e 1
SeCtiOl’l 2 NeceSSity Of R&D .................................................................................................... 1

Chapter 2 Internal and external situation for technical development «««-sweeeesessssssseeneeeeees 6
Section 1. Domestic development ) 7211 TR LR LT T P P P PP PP P PR PP PR P PR PRRPPRPPIOY: 6
Section 2. Foreign development ) 7218 o IR LT T T P P PP PP PP P PP PP PPIPPPID 11
Section 3. Analysis and estimate results about R&ID case s«ooeeeseeererermmemrmnniii., 14
Section 4. Weak pOil'lt of conventional technology ................................................................. 16
Section 5. Future 181 10.3) # = o AR L LTI 17

Chapter 3 Contents and results of R&D Performance «::-:-xc-scoseeseereereereermemsneniiene, 19
SeCtiOn 1 MethOdS for R&D .................................................................................................... 19
Section 2. Contents of R&DD «orerrrrrererrmtremti e 20
SeCtiOn 3 ReSUltS Of R&D ...................................................................................................... 211

Chapter 4 Achievement & contribution to relative fields s:-xoxeseerrererermereeemmemreiennes 215
Section 1. ObjeCtive of R&D and VieWpOint Of eStimate «+erreerreerrrereremreierini, 215
SeCtion 2 Achievement Of prOjeCt ObjeCtiveS ....................................................................... 217

Chapter 5 Apphcaﬁon plaﬂ Of R&D ReSULL orrerererrrerereremerentntiiniiiniiiii e 295

Chapter 6 Foreign scientific information during R&D period - 227

Chapter ’7 StatUS Of R&D faCﬂitieS ...................................................................................... 228

Chapter 8 Reference ................................................................................................................. 230



Al 1 A ATEINEETFR] Q] TH Q. eereeereeseessemseessemssesseis st

%

0

o
W

)

B/

XM

211

=215

Al 2 A G TFEAI I e D17
220

227

3

ol
=

1

T
of

A 24

i

k9
.

3} 917}

i

k9
.

AR AR AL ol o

7=

e
4

3

4

A

A
A6 % AF/NTHAGAA



FH 2] 7HR

B
Gl

F

774

T

M1 ¢

A

il

=

"0

o

7o

-

X

A 2

© 2002958 20129 7HA o

=
oy

—

o

o
ojflozM stdAle 7

gromn AlE

g

o

=
-

el

il

3 9 A

A el )
el e BN WAR AR o] L&y S8IE

o
Run

o}

ofell H

ol

%
JJo

olo

—~
fite)

IH,NO
o
el
A

Nro

el

& gozA

e
Pl

el

S

JEIRVEE T PN S

—
fite)

o

web Ab

]

a7

bol g4 A

S

NM= Abd e FE A=

il

_ZTI

Gl

tel 4= keV ~ 9 keV

S

olo

- AU A] o] 2717 &8I

Azsh vAHGE W

=]
RN

Atz 2
AR ¢] %2 (Process) 7| < 0]H, o] 7]

wvel 4

o TEAIFSEA

=
=

7Hrstel 4

—_

i

ol

o~
=

-
1

sHA17]

Codl



LFERU H,

ze mve

Tl

14 9l 9] Fhgel

[e]
2

A7 =

FAF

A1 714

;OO

j
a-

R

- mebA, APATE ol AFAe 2 A8 0

Mo

I

_EH

™
N

vadls geos A

A kol
A2y

5 T

ole ol St

ulk o

3|
~

PN
=

-
1

ol

o

Ho

AL
;OO

B

2. ¥4 LCD A%< ¢

ofy

7g ol A

Mo
N

taZee] A

o

A A of

)

T 54 Fe

1] 9% Fa

TVZEA d83ts

=
=

& 3d TFT-LCD

HE = ¢l = (Multi-Domain Mode), 44 wj<d

s

< gy
Hj &R = (VA : Vertical Alignment Mode),

IPS (In-Plane-Switching) ®=7}

G 0

Ll

g

el

X7

X

i

B

\.—_mﬂo

st

)
=

el

+

p—

)
"
Mo

-
1

CERE

non-rubbing 7]l ©]



NS
N )
ETiNT
= M oo m . %1
N Mn ﬁ o ™ ﬂWL ™ ~
ol W D * —_ o5 o {
oo_e}};uﬂ L U woer A
_;u N < Mu T MM i o V N o— W wp
da ™ () - B OW R e Kl ° o oH P
_ZTd —_ \U| ~ bo i — ﬂ ,UIL HE U <X — ‘q - ﬂ a ;OL ﬂAl
Nrmﬂ_/yu L om N = g M 5 w o Moo W
) mhy ~ T (Y u_uwd k- mb ol WW o Q. an = W y 3 NoT Hlo ofu B/ %ﬂ,_ 3
pER s DTs O 5 wa s ﬂ@%%%@g ®
~ p— N = 3 - i —
B il L o ujr W % 8 = 27 e W M B ~ W
Q%%%W%% Hodo %mﬂiw H%mréﬁﬂﬂﬂ_ﬂo@
1} ) <. ~ o= ) T
_:mmaﬂ#gwmm% V@%%M sz&] 1MM_QEW@%§O_EMT
uw_/ iﬁ@% ma a,_mﬂ = Hmnﬂ 7Mo aﬂ{u =
ol Al o| o ~ Gl | N P o s © N F oI = A ~ =
S YR 20 MH —~ =3 e M .% X o ron! oo oy o N oo T X =
o B @ o o < Non N B T B ) oﬂa = A BH i
. %ﬂﬁ% %%?% o 0T " + _ﬂbmmﬂﬁ G o
LT I wﬁﬂgw ﬂm@ﬂw Lﬂg?__omo,maﬁ
;oo ) Wu_“ moAr o Mo o mw K ) f T ® = =0 Gl ojy T X o <~ o w
B o v T C O ® % g o o = o 7 5 B o
= rln ‘lo Hin = o O — B e ~ L = 5 = ~ 'y . o ,WF i
el Jm_u N o g A_”MVO H WH M m s . T 1% M =K = ~ Wﬂu o A oﬁ_ﬁ il Y e my! o
N —_— - \.4 C o N —~ 03 A —_— ) _
_ﬁ o=l mﬁ oy o & ol eR = G M H A R H % o = o N oo W e G m_,ﬂ
Pl B QQQ%E % " 1no%%4ﬂwmﬂ_h
X = o] n = Al w T O o} R Ta X " 9 & o) zo I
_ ° g X Po OF o Al o B . = ol N o U
X g o m W oo Lol = pid = T N = | oo o R
T o S 0 T T ) o= o ~ o L,o | i B Wﬂ )| —
N q M I | W N~ 2 o ~ do B B g N9 o o
™N X RO 1m _ s 9T " i_: oF M.AL.O N MWL WE - \UI B =0 ~ H =r <
% o ‘ﬂl % ﬂw iy % © ‘UI‘._ JD — ﬂww_ o2 O# — . ﬁl = ,_rlo.ﬁ ~ oI re
< W H%EA ﬂ%urlwr %w%mo%muw JM?%MﬂﬁrlAﬂ
u w o w oo I X N PR " o Ny = COY _m = 0o o g X o o
P T RT B, PR Cr A B 1 o o T
(T B ™ ~ I e - ) oy WX £}
ﬂ%wﬂw RS B%%%E m_m@%é CE @ﬂﬂﬂﬂﬂ_mmvw_
S 5 o w m_. s 0 Y T < o W BOX A T Mﬁ __L,mc W o oY Mﬁ T g o Lom
= _ — oz — —
Mo L - 3 _ 8 % It mr = 9 w oK oy uﬂa R i B T N
X mmE@L Eﬂgﬂﬂy O_Egﬂgﬂgﬂw =
Ww = 3 % ) o T R o dly il o 20 o No  gp W gy
) 7 BT T o M~ ~ 0 o o o
< rRoe g o = " in N oo L = N ~ N T < B
ok o - = N- Mm “L% = o TN A_H_. N NE
—_— — T R
5 s % H & %mfwo%u%@;uu%wo
=0 ST ° % M
e Y H o il WW © o
L s k
T R o



N

B

B
~N

Foh e}

Qs

9

o %

PN
=

7]

DS

ol AAE =2 o

A2 AFYAME 7)E o]

7. 200mpmt-S- ¥

B0 g 7}x7} "ol AEA]o] virh

A o
o

H

ki3

[e)
IT

!
ol

B
T

!
pyl
"

N

ol

)

29 RANAE

5

&

oA 7F W

Ea

71717 g8 HgEy nlolam

_EH

0
B

_EH

el
ojn

o)
-
Ho

3

]

o

Ae s

]

23]

=

of Ak AA, 7+ S oY A 2ddoew

%

ol

%

B

N
I

S A %

o

A wek

=

=

. ]

o]
p

ol

o

-

I~

el

2!
H

™

11. )28 AHAR o

XM
T
Mo

—_—

0

ox

-
i

B

el

Al ol 8kE AL



S5ar vk =l A
7 HRA o, o

a|

S
&

212}, Drug Eluting, ©|
HA g 7)ol

)
it

o

kv
™

2 omg AAAR A3

i

kv
™

A| 2

=]
T

(=1 o) |
= =

,_—ll.

=K

77t

o
1

A A

A



M2z =ue 7/

Ho

Ea

<
H,

|

hyA

I AT

I

=

| el ® mhoavdroluh GRS 2 A

o o

[e3]
2R

A 9
al

=

l

A

faEeE R

-
it

1o,
Sl Aol

A

w}

=]
H

Hqez 7}

\

<0
ol
!
;OH

A

tet o] & vkl

)

59 ol

=
o

gto], ofg] A+4AE0] Fex03 SiO;

o

g x| F o] 9l oy galvanic corrosionel] €]

"
i

il

Qo dAS

e e R

PN
H

AFSI(LG-SV420, LG-KV4200,

Z}

(SCH-B500)" ol S Ago2 w1y

2
T

4 914 DMB

A~

fergh d olo], LGHAE 7o)

A

2 g

}

0]
pul

Ax7F A 2006 949 ‘=

AR

LG-1V4200)' 2] <

’O]

o MY =as

ox

B
T

o d#Aa gt

Wi B o= 7HA] A
ol ¥

-

1

¢k 0.1-05mm =79 ZH

AZ =

=
—->UA-SIAFVIE A8 HAJa A FHdo=

)

- A v
g ofe] 7hx]
=7 39 294



Mo

AL
;OO

2. tfi¥ A LCD A=

A A #te] FFS(Fringe Field

j

7<%, PVA (Patterned VA) 7],
X2

LCD A F& AA9 /MY A= nf 9 u

Switching) 71& & &%

AL
;OO

Tho

i

7]

bk A

)

102 AR, o} AE 24 AzIAY} AL

2 IPS 7]

o

B

o

to

ol
oy

\.—_mﬂo

=K

o
Nr
il

Nd
o
™
N
~
o
N

R
oy
olo

4
S 2 AbmET 5 MVA 24 9] rubbing-less W4 €]

ol

H LCD7F AlA Al 1,2 99 A A=

s
=

LG

=

skl 9lom, 2005 WA= A3

)

} =] &

A4
A

=

F Ao dART. weA,

oS

ToR HA

0]
oy

tol, AAIA Bakake] 40%
A

o

Jol 87+
- = TFT LCD A

Ao =Eeo] 4

o~
T

7F epE o]

ol

"o

eyl

ra
)

A

3ol

=
[€)

il

N
NJo

7p7F =57 o

=
[¢)

o a7}

¢}

TVE 2UE 5 o

Mo

4]

Ho

0
o

0

)

B
I

[}

F A5 ol

v 3

-

1

e 7

-
X

j
a-

&

S
&

& o

o~
T

#et S FAE ARHA, 227 Tt

o
Him

s
<

]

W

fvze)

X

=

+

x
B
I
M

Tl

fvze)

o)

0

kst
N

s
<

]
I
—_
fite)
ize)
gyl
il
)
T

0
o)

ol
il



o A% Ape]

= 7HA= A

bl 4

°

- Imm©]

B N B e T 1H oy mp wY % Mu M_E m % J_,.ﬁ
N BT ® oo e = T X zw X 8
Jo o & H = < 25 = o wﬂ ﬁw w N o
=~ _—
N a5 Top T o T Tow O B T woT E
Thy = oy W = T o T o i B M < @ -
o B Gl o Tn ar Q % =~ N = Gyl RO S o) }/l y
T w o moL° T o T T 1_uom T oo N
v N I T 9 oW o o N e
RO e T ER - B I R = 4 o
N B R e © B i T ) N %
—_ E %0 ‘umo X ,Ul i_l < m ° ﬂ_OI ~ — _EI ‘mwl U ;Ir‘_n/l dl ﬂ
o X | C S _ w0 % T = 7 g
o Mg W o 3 =R s H X = X L, & R
NE o+ I o S 5N oA N B T oo
Y ~ N K oy W . o D o ™ - oONr «
(N LN = M > K — o m X ot i+ F
= X F oo AU 5o MR 2 = Mo o))
N M < o - T o <0 — W T Wi = A
w = 2 w3 S g X - e -
o Ny 1 o) T do = e o] o R T N
A NOEOX D RIS S o o DN w 5 o - 5 B ol P
=Ry X & i T S L Xwm Lo o — R xr
o o o ® ~ oo o P TR oy W o o=
Wz TR n ey N m N e N T
SE opoTc $rET oztEIcelr DELg
° T ° .A_l dl N —_— = </ =
g a& o E Mrw © = W T B oo g m_m v X B o o) R
B~ w @l o= o oF il < Mﬁ =r y o o ) K BK o
<0 i | S RG N o ) = i W o 2 W T Kol - e
JD 7o OW ‘mﬂ = = . zo ﬂw =0 = 0 El = Wﬁ X oM
J e oF mo = 3 o N al7 MM i oo g © = Mﬁ o G N ~
e ) — —_— N —~ X ~
Y R T % 5 ﬁ = O 7 P og g R oge 2ol
Ard KO o) Td ;In_ﬂ i A or X m ET 0 z,t uAl,._ ,ﬂo,ﬂ < El ﬂww_ 1: ) ~ ox
N Ho o z o ol ey " oo o N 1 I Mo i S =
m W Mo m,_u B So=w P w5 o~ = < B T X B oW
il T "o —_—
I D D . S om ®
g™ _ =3z Ene T 24 2 B EE
- ~ o ) B o= = of W S 1H A1 Wy = i .nKa = N
e i 70 R B 5 w
e o o X N Hp R X Nl 1 ) = = W oy
rl o mo R ) N i_: o OC o B X X Iy
5 < 4o 4 g G LR oy W
T £ O E =o M { mo Hr O L g XKoo P
o : - _ oj -, : = —_
= SIS - G i LA ey o= < T i
o wm R M w M_OI IS N = B N W % el S F oz % = W
o B AR o° S ® o = M o ™ N g & F T W M A~ Mu. ;w. = o
[ <t [ [ [

g

3

8

o] 49 ¢4 3 Maker=H-H



Fol 4 A

i ey 7l i AATE 2

=13
=

il

o

ﬁo
B

to

4z

&3 2 71AH, 3

Al
2

o}, 1 ARA %

A7F AAF o5 AL

RN

=

=

)
=

s

s}
ol

Al 7]

ox

™

fite)

el

W

B
+

.Z._
N
o
olo
olo
el

A

oI
N
ol

al7

3

1ALl

of glaL, &A ellojd Al =}

3
=

as

-

1

FA G ol Eo AAA I}

°

2

= °]8

=

o] A/ A

FHe

B

0] YAt Atolell 717 =]

™
i

fite)

L
e

’

om, ojuf, it A A

gl glef o= 7hA AAe] gl

s

)
=

AEE A

-
1

FERE A

2

o}
B/
B

R

| =AM AbE

¥

Inverse Magnetron Sputtering < A&
ZFA 3L Qi T}, whebA], o] 2] gk

g0
=

S
=

-

1

18] 7|==2

keVoll A 4 keVe A0 F A

o~
T

=]

5ol ALgHolA gk 2ely A1Ee )

7. 200mpmth -3
ol 1 A7)

7N

KeX
=

o

2

]

A -ﬁ— [e]
9] 7% Linear

d

m%=

R4

g 300m

o] & Aelg 9
ool et et 7}

]

=

151

=]
=

7N

A&

=

"

, -7 1550mm

sh91. 0.0

=13
=



Type ©o]ZHolB=E o]2o|HA|= 4~bBkeVA L &3ttt o -5
10nm/s(Si 71) 9] @&+ 7FAY, ol 2 d=dd A7 o] Fsee] ZAE

ZFA AL

8 FrALA WAE A

- -l ol A= High Pressure High Temperature (HPHT) &WH-& 2 &3to] fAH A o A o]
Sl et 7ol N Ha o, stuE 5 AP AAE el A AR ZAtel] o A

FABE AR Qo AN A AR Eaa gk B thelol B obf A
o gulE o7} gick.
- Ee] B b A Abeol A e Avbe A8 e AR Wel A Ak f4 B S

of Alg &gl Atk Aoltt o] Ao At Ao FA X Ay F7F Ha Q. o

Fl

Al ZAF Aol I o] A $o] Aol thatt= Al Yxbe AT WA A
U Al A QL TR (color center)S WHEo] WASHA H&= AS &3] o= 2yo|t)

_10_



O

A24d =9

Mo

REZHAZE we A st

- i
EE =3d

Al

Aoz deA glon =l 7]

gl

A

3

E
==

il

)

ox

™
3

o

Mo

AL
;OO

2. tfi¥ A LCD A=

elo]

=

<
— =

FAA o AgEglon, uaba, AA T

2l

o] 23 % ofalofel A b 3L

ST
™

Nissan chemical A}2] A

glo] xfell glojA] o

-

1

teh TN wi@dets of

[}
of low, A

Aol ool

th F%, FopAlope]

]
H

ERES

ol
ol

9

i)

AL
;OO

o

i)
2

olo

T
3

i)

3} 5ol k. v geld st

1%

23 o

—
o

3}

)

-
-

¢}

€

M FolF

=1}
=i
S

I

ol

RN

spae] A4l FAtel o

2ke] o] ol g7 o
A=tl, carconeAl LA A= poly(vinyl

-
1

5t

°

IEAE AEHL

3 carcone

)

17F AHE5 71 A& 5o o
‘(‘)4

571

o

poly(vinyl cinnamate)”} 7 E % 1 o1} A&
]_

3}

Mo

L
=

- # < Dinippon Ink 3 A}

7=

]

o
il

&

S
&

A Hel| #3352}

)
=

11

stk DIC Abe A

o

o 4

iy

g o) oy

q]jlx



tol & o ol|yA] Z&o] 2v) o] Fom JiA

S

B

Mo

3~4do] o

-

1

8874

i
fite)

o

I DLC(Diamond like carbon)®l ©]

-

ylalo
b R |

- IBM2 2001 7]

~
;00

ol

(Non-rubbing) ¥ 2. & 7)< 7/S

ol

B

B
T

o

o

Fe =24k A5

FA 22 2t} (Nature, Vol.4ll, p.56, 2001)
e}

7
A o] g}

KeX
=

o]
3
=

=

3

]7]

=

el

o} vl 2%l

=

3T

ﬂU
ToR
!

o}
_z_o

g

4., Metal PCB 7] Cu =

AL
;OO

ToR

o

B

i 7]

A
o, 94 =

a1

“

]

¥ ot )47 (%

LN

HH

kom A
of we} 3

99 §4 %2} Makerol A

=
o

2, GM, BMW

j
a-

+

o

el

4

2, 5

F

w7 2

4
.

ol
ojn

R

™

—
fite)

ox

™

fite)
o

el

i

)

R

B
+

.Z._
N
o
olo
olo
el

i

!
N
ol

_12_

A 2l &

o 2

-
it

2} =}

e

4

o

o~
T

o

—
=

et

- ol =R A g



SEok7F Hol olF A o AFAE dolgr ATFEHvIEA At s AP gl

nt

7. 200mpmt-§& WA AHE ol o] N
- mEA F2ed 2 UwerbE S ¢33 FIB(Focused Ion Beam) &% 5o ¥ SIA} So] 7
o v GPAMIIA &= ol 8 o] o2 Closed Drift o] 2 S
Nakate] &stel Aaatadth 22y olfg o2 52 WA ZAH A Ay

A Ao EAAE ol AFHJ] A7 FAEHL e Aol

8 AEA AT s

- ThojolE =9l AL oA YJAEFEEA] pale yellowoll 4] fancy blue, green, brown,
orange, very dark green, 18] 3l yellow= W3}g 4= Qlvf= H vl 9lom o8 dk 1oy ]
A= A S47, F4A Ak, 43 dAss E23sn v (EE 60CoAHE )l
Z ] blue & yellow color center A4 3} brownish & brownish green color ] %< e}

U™, yellow color center= @A 2ol o] A AALAG. T3 A2 =E3= 457
A=t o] A4 deep blue color(sky blue #ti1% 3hHE A, & A (PZ == 71Y)
£ oW vhghAlEhA] & Xk yellow color7b AlA €T AR A &FA A o] S5t
blue colorg W 7Z4-%7F Jlow Bt} 2A38] = medium oA dark grayish blue
steely =& inky 2 WH3l7| % sted 3 dxg 7 glol® MAto] a2 X ETE Bt
A

- Z- A (brown H+= pale brown)te] o}l =% High Pressure High Temperature (HPHT) 3
S A g3te] 3o A 7FLE 3] color centers A ATAY =] A FA E= pale pink B
pale blue® = A o] Hujdt 3971 =), o] HH S GElA 7H2&le] Pegasus Overseas
Limited(POL)AFell A “GE POL"®.AJ o] 2} W rgste] dujstar 9l

- Saito 52 IZLE o] &5 Atatolojo] Felake] z}2} 800 T<F 1000 Tl A & 2fsfof 2zt
A Qe FAE DS Abgtolo]E AThal st Nuclear Instrument and
Methods in Physics Research b 218(2004)139-144]. 184}, o] 5] AF&3F o] 2o x| += 20
keVol7] wliof o] 29 HF Zoji= vl Fom A JUARZ A3 ZLET} Alufo]ofe]

|74 sttt A& Qs oy

O

oX,
(o
[
r o
e
!
=
o
i)
2
o
lo,
N
RS
Y
-
=2
rlr
ot

o
il
%
o

o



- E3 Alves 52 HEE 2

)

1000 CT7kA

<
T

o]
H

b o e

R

9]

o

el

ol

o)
o

=K

il

I

o
o
)
—
fite)
o

N

7+ 3}

3

137 319 tHNuclear Instrument and
B
24 3

1o
=

o
™

F 2}A|

ko)
ol

ki3

%o

AT TALH O]

i

ko)
ol

Methods in Physics Research b 207 (2003) 55-62].

A 348 ZFA}

Mo

i

o)
_z_o

ToR

_z_o

\A
B

Mo
e

"
el
G

Ho

2. tfi¥ A LCD A=

B

)

—
fite)

X

el
XN
ok

il
™

vzel
Mo
I

al

A u7E A A E o

4% ¥

[©)

=
o

T

o

s171el

1

-

B

o

ZIAAEA ALE

=i}
=

T7F &

LA )P 3hs o) 7ba
ot 4

al

]

- el A
%

wmo
ToR
e

o)
_z_o

e

4., Metal PCB 7]3e] Cu =

_14_



R

(¢}

=
=

seed layer

ion beam mixing 7]

SR

ok
p .

KeX
=

"o

%

B

ol
oF
el
o

A4
Ma

N
il

ofy

B
o)

!
e
4r
il

—
fite)

il
il
)
o

Tho
o)
==

N
il

B
+

N
o
olo
olo
el

i

—

N
o}

= HAHE

B!

ool = At

o3

9] Aging&

=
L

7]

Mo

B

)

—
fite)

il
el
-
4

=

B
22|

st}

=E

o

st

=0

H

—

0S
B
jes

)

il

eyl

o

7. 200mpmt-< Y

B
L

N
B

X

M= o

Fed 4 nm/s9] AAEES

L RIEE

5{‘1.

7¥

)

—
fite)

o
rd

i
)

o

s
=

SRENT IR

2
=0

Ok X

ol

fite)

- 3 MeVo]

=

A dell A F

ol

E

I ]

~

G

G

)
¢

ol

2= B 73 vl

S B

il

=3

R

-
7ol
o
o
el

—~
fite)
il

-
B

el

- agwslel U 9 ol e

A%, Abstelof )R 7}A

_15_



AH oz wourt

| 4

£l _
T Ay X IR IR R 8RN
W N\ & < S 3 S S |8 = =
= - =
0 o0
=)
™ 5 |7 ol
Polr | = < ol
- T 2 oD& m - e - m TH
ML e e e 1 e |8 ~
N DTN < %" No
vze) o ~ N AT —~ AT
X E’ == 0 N (@) A_H — _ frent
= — =t B U o AE NR T 1_ K Jl
2 Mo ®K — |Me (LS Y o B
oy G | W ~ | g X
N O I T G o e
TR ko BB W MW A BT N 0w
_Eu
o do . m
zw T OTE 2ol
{ ol - | -
Hﬂ S n Hﬂ
L o TR - R I = ¢
— m | Nl E o |io ~ | € X o|
N or|o 5|8 £ X = 0
w EFEe 222z e L TOZ
7o (Mga SFLS R Wy B
I el A N S Gl N
TEN g U R w2 R B T o
T ook 2 Ho | A Y AT NN A
B0 gla
[t
e & P o
@ A E TR T oy gy ¥ A
~ o O <~ 7| o = i I =
~ w 3 B i N N =
<A s Golwr e 27 | m] we o
I L - R =i O ey L i i
TR )RR of|me xojmh TR B A T
e & o Mo W o | WM TN M M gl

_16_




EWM W % B oy of
put (2 0 iy "
| < mm 5 s TR g TN E a :
—_— — —_ 5 A » 0
- ~ Wy N oo N ANE N R
[ ﬂ% ﬂAIL b HTd o ‘Nv_ﬂ ﬂ - ey
= oE o i - o= 5 T » Ak
N oq o B ~ N N n o o R w ofy
o ~ Y L o " m W -
X il —_ = el o O# R 3
Mo E N o2 —_ i S o Ty e o o
~ o] B m ~ ol NP A DN
— ™ —_~— B JJo o No =0 T~ |
r eI o KN = % TN v = of Ko ~ i
oy No N~ G0 o B S = =
o W <0 w g o Ho g B X
@ T ™ W o o N T =) ul e To R oy o3
ol o po o &= o . o - T X o X _— -
il - E TR I s WOE A s
0 ,Q ,AL ,N_.o ~ = o X = OT N AT =
Rl —_— o — X = oo i e o ~ N —
%o o °© N o @ b o B H Uy N o
S = K -~ N = oy BW b o o -
roON ~ nm o N rou s i ~
o TR oL o I B ok Mo P B A
WX T N S do Hi T T T 2T ~ T X "R %o G
Y ZigeE &l E o ~E Y g © &
CalE = = ) # e n o T =) o AR "
i T T o Lo ° K] 4 * T 4 V%ﬁo@ﬂLﬁ i
W R R T g - Mok om T N S T D
. oF i~ ol B X o = e Ak o BT 5 T T = W o
o G G Mo - T 0 Z oM ow i >
LR T oW = o Mo ow = W = ' P 0 B
= = T oz A o oA @ w8 2w P %0
= o o = = B 2 0 o AR W ~ M oow N o o R ot
" Wy T o = N o 7 I I\ o o e 3 g
o= M WA o = o of it 5 7 W A B K
ﬂ% = “U_/” o Ry N ‘NL W:.D OL ﬁo EO 0 —_— JU ‘MAF ‘mﬂ
N ~ e F o= oM o = — ol 4 X < F
= = o B iy o o X ol LO . N X - < G o o e T " = i No
éﬂ%moﬂmﬂﬂ F o2 o oo P Y g T om P ogy W g
—~ b ay g ' H o X = o R R RS T ™
> B o = % oy T ~ — o e o w
—_— —_— N oK 0 X_l Ot ,UrL N nﬂ )A,.# 0 X ! T [nze) jm
S TIETTE ., ®E o o o T e 2
L NoH T o) = - ) T = Ho o e
= X w oo P AR I E e oF 2 T T
L R 35 o % 2 ? %m;@&m;ﬂ 7
o M oo O X T O SO o b o = R g N
4 NN = < . m N T 0 o oo o= B —
Lm T o B o5 X O O g = B T By, M o ®
A T4 & oo R q g oM -
. i Ry = ™ om B E =« = 5N =~
— T oy o= tor Fom g B o T o D —
I | mo = ol iy . < Q i o <
o Yo % TR Wy o £ ol w M o W =
! | “ S E e 0ox K =
| | 4

- 17 -



w okl J=

gt g (o] 2etolE) PCB 718+

=

=

9

=
L

A 7]

o~
T

IREy

I

=

=

Al

RN

wAlek Sy 2

=

LIS

7}

o

B

5

of %

i

MJ
ey

3 o]

o

b= A/ H A F e o,
o]

A A =

}

0]
pul

7]zl o
T AL

I

el

ol

B
+

.Z._
N
o
olo
olo
el

A

o1
N
o}

=]
.

#7F 71

3

tH, olelol = MY WA AFo R v

°

o

1

o 7}

eyl

o

7. 200mpmt-< Y

ol
oF
el
X0

A4r
B!

B
~

o

IEEECREE RIS S-S )

0
Do

ey

o

371 71 .
— 18 —

o] o] A Apspofojo] o

uhy

2 Aol of

3

8



A1

ol§7 A9l

vl
=

+
=K
o
i

™
o
o

el

Mo

Mo

AL
;OO

}

NI

- |4 LCD A

wmo
ToR
e

o)
_z_o

29

- Metal PCB 7]l Cu

B

—_

i

o}

_o]

=
+
=
N
o
olo
olo
el

i

—

0

N

_ o]%

o

Mo

A Al

-

TN

25
Oi27]= X[ Al
AW 7%/2Y

0

| 2z | sxue | 4xdE | sk

XA =

=3 n
REES
T 0
K X0R0
1o 70 <!
K I 00

=

B, 71X o=

H

1A 29, 0|8 K|

SR

Metal PCB

\

£~

2
7

0|27+
A
&

W EES
ZH 07|
Sn REE

o

=

"
EFEREE

=<

Ki M
FLES
ponLl
0N
Ly
RIKO

_19_



A2d AFFY P&

L AeluA w ]

&
Ao U] o] &7} 21>% ol

271930 sEATAA

7 HE7|=ME
(1=838715)
AU AR A

7|98 SSHT
[o

to|d &= S& A+
(MHF 7HE)

1 2:
1,008 #HAFINEH 1003
hydrogen | 28 2B 1B HB 6B 7B heliurm
3[Li[4][Be [REE 5 5 7 B s |F |10

6.941 9012 HAE 10.81 12m 14.01 16.00 19.00 2018
lithiurn ] berylium 202 boron cabon | nitrogen | oxigen | fuorine nean

E.LH _'C_I>_OEI g._’_l.\_olghél X-II_CT;_ 13 14| si|1s 18| s[17|cl|e

2698 2809 3087 32.08 3645 3985
5A BA TA -8 — 1B 2B sllicon | phosphoms | sulfur chlorine argan

19| K 3n 31 |Ga| 32 |Ge| 33 [As |34 |Se|35

<
o
R
=
7
“
5
“
3
“
B
<
=
B

310 | 4008
potassum| calcium

44.96 5094 | 5200 s494 | 5585 | 5893 | sam | 6355 | es3s || esvz | vzse || 7asz | 7ees | 7eso || s3s0
scandium | fitanium |vanadium| chrommium | manganese | iron cobat | nickel | copper | zine galium | germanium | arsenic | selenium | rorine || krypton

37 |Rb|38 | Sr 41 |Nb| 42 |Mo|43 | Tc |44 |Ru| 45 [Rh|46 [Pd |47 48 (Cd|49|In|20|Sn|51 [Sh(52 | Te|z3| | |24
8547 | 876z | sem @22 | 9291 | 95 (98) 1011 | 1028 | 1064 | tore | 11z4 | 1as | vie7 | 1218 | 1278 | 1268 | 133
rubidiun | strontiun | yttrium | zirconium | niobium |motybdenum | technetiom |ruthenium | modium | paladium | diver | cadrrium | indium tin | antimory || telrium | iodine || xenon

55 [Cs|56 [Ba|s7] La [72[Hf[7a[Ta| 74 [W |75 [Re[ 78 [Os[77 [ Ir [ 78] Pt[78[Au[e0[Hg[e1 [ Ti [82]Po 53] Bi | 84 [Po| a5 | At [[6 [Rn
1328 1373 1389 1785 | 1804 1639 186.2 10,2 1822 7851 1870 7006 044 7072 08.0 205 210 @27
cesium | barium | larthanum ] hafiurm | tartalumn | tungsten | rheniom | esmium | iridium | platinum gold mercary | thalium lead hisrouth | poloniurn || astatine radan
87 |Fr |88 |Ra|89| Ac
29 260 7270
francium | radium actinium

2t |58 |Ce| 59 | Pr |60 |Nd|&1 |Pm|&2 |Sm| &3 |Eu 64l65 Th (86 |Dy|&67 |Ho (88| Er {88 |Tm|70|Yb|71 |Lu
=
o b B2 02 g 1401 | 1409 1442 | e4m | 1504 | 1520 | 1573 | 1see | 1625 | te4@ | 163 | tese | 1730 | 4750
eSS cerium neadymium | pramethium | samarium | europiurn terbiumn [ dysprosium | holornium | erbium | thulium | ytterbium | tutetiom
oNMEE N7 012 é’ a0 |Th| g1 |Pa|92 | U 93 |[Np |94 (Pu| 95 [Am|96 |Cm|97 Bk |38 | Cf (93| Es [100(Fm|101|Md| 102 No [103|Lw
PP i E 2320 3.0 2380 237.0 244y (243) 247 (247) (251) (252) (25T (268 (259) (2600
St = | therium uranium | neptunium| plutorium | americium| curium | berkeliur [ califorium| einsteinium | fermium | menteteuiom | nobefium flaurencium

<29 322 Y ABlA AT diA>

_20_

of



olo

-
1

A4 Aol A

AP o2 ALgH

gl

2 o

XA o
= 1 —

Tk oy 71X

&l k.

=

23}

=

"o

0

4r
il
)

R

™

fite)

N
Nlo

B

Ny
0

—

G

o)
E

X7

X

FA] 3L

==¥e]
ST

How

"gayol 41

g

o

=

]

WA o

=1]
P

d

s

=
LT

o

o}
o

X7

X

s
OH
X7

X

)

ox

+

—
fite)

il

24 Duo-PlGatron ©]-2¢ 2]

=
i;
™
™
uy
‘_WM

fite)

Al

_21_



=E

=0

Hefdel4 s

ki3

AE AL, o] 2Rl ¢

S|
=

3 E| =2

(¢}

&

2

3.2.4>0l “ERR AT

o

24mmoll Al 75mm=z =

sttt <2

A2k A7

2le)

i

]

(e}

)

[e3]
2R

3.25>&

2
=

<75mm A=F3+AE>

_22_



- A% UA : 20keV
o2 Q%A ol AR oAE Ss AFFoz ALE s ulolgel 1KV ~-2kVH el
Age QAzkste] ol AAAT b A& WASGom, Ao 11718 FHelA U

FoAE A ) ARNE e A57Y s 342 M2 sa 29as 1)
o FHelA o 470/ ES] W ARDEES agSAA T, DA ZAA A= 4150/

' o] B2 oF 10~16% A= Atol& Holal vk <I¥ 326> ol 24 AEA] o2

ﬁ
o
A\
o
it
>,
fr
=
El
rot
poy
o,
2
=]
w
[
—
rlo
ro,
rf
-
=
=
)
=
B
)
r o
rf
2
S

500 — 500 —

1Haole

1 Fsmm-20keY 1Hole 4 [75mm-20key
450 o 3Hale as0d Jiiole
i ——11Hale f —— 11Hale
400 400 J
350 250
300 200 -
o
£ 1 o j
5 w0 5 250 |
= 4 2 ]
200 o = apon 4
150 - 150
100 - 100
a0 50 -
o T T T T T T T T 1 o T T T T T T 1
o 20 40 60 80 100 120 140 160 180 60 80 100 120 140 160 180 200
mm mm
- = -
<o) &A1 > <GS AHA>

<2 326012 IEA ol EA¢F S A Hla>

<& 321 =T e diHl AT R HAAFEE B>

Sy o oux SEFONE agoismp HUCESS
1 7.4mA 46 .//cm?2
7.5mm Ar* 20keV 3 11.5mA 140.A/cm?
11 50 mA 416.A/cm2

_23_



N o

&3 o
A R g R )
T oy HrN B
XH J— —~
Zn TN o
A S
! T N g 7 Mooz
- A <
I R S S
~o X 0 Zw ‘_Ll — O_
X ~ o o T
vAO ‘mﬂ ) ﬂ OL . ;OU
o W 2 W om £ X
o) o) X = % HO =
T o d 2 5 o I AF 2L
ﬂ%ﬂo_lAMmmE%ﬂr. zal T
~ o (@ = =
N EH MH = AT ot a |+ES | |2 |+ =
D [N . Y |m_u| =0
Lf ‘mv_ﬂ . _— ToH 0 Elg 'E <o M m
T X oy J [~ i B 8 I
> F T T op o T
T om H® o RO ma
In o} T o ﬂr o & = X7
B oo % oy g =0
o T 9 o ogh Moo oy oy
ﬁo = < ol OL H;! it R
o T gy W o m
- o * om0 Y
RO [N T
ol MowE ok o w9 o }
- I [
QL 1 m ‘W——l \)AI nhU. 0 e = 5, = %}
- o £ = N & oS g S pEE,E § =& g B
i = @ O oy oA PR g # S92 8 <& 2R Fior_o
< 1)_.A o = Nr = = O m=EESE L < 0 oL 39
Ho ol oh A X B wE ) L put QW of
= e F o= K = 5 EEB
AF S 8 9 = & F g5t
1 T2xoeseide o
ul T oo o < X oo ®OZ
,,WL ol — O—H b =
o Ho mm P o AF o= g
7 2 b F o X g A
¥ Lo oo g
il X Tk oo § g
X O JD — — _— i =
) ~ RER RO S mw
X 50 ~ T 2o Mo | )
: R o~ T @
£l oo R T W AN

)=
= YEh L

E =

|

HES

2}

)
=

ol 3

=

37HA 3

[e)

o

ool <29 3.2.8>
— 24 —

°

<219 3.2.7 Duo-PlGatron ©]

o 314 E7e) depiES ALE



>.
o

_I

W-Th(e1 R E£E) W(®1.5Lk

)

.

<9 328 ZEHES] FR/>

<9 32950 Aol e Aepde dde] AF WHAFS YEAY. BF gad 2@
) A 100V/7AN A S5AIZF 5040l oA H o} kg

Zolith WUE Bepzr G ofeol Aol 9T W welste] ok AN AY/AFE

WAFE S0V/7A 02 Wil AL 9L A3 12077 o % BeWES] ALgo] 7bs
stk AHoz Bede
9t

[
32
&
rlo
)
Hu
Y
EEZ
K3
H
X
1o,
(i
e
e
v
rir
s,
o
fu
do
[-'O
ot
4

—— W-Th(®1H 281, Arc PIS(100V/TA)
—— W-Th(® 18 231), Arc P/S(80VITA)
—— W-Th(d1 & 28), Arc P/S(80V/5A)
— W(D1. 5U; q8l), Arc PIS(100V/7A)
——— W(®12{BHS), Arc P/IS(80-100V/7A)
—— W(e1 R B, Arc P/S(50-80V/10A)
W(e1.5LEA ), Are PIS(50VITA)

Filament P/S Current(A)

v T ' T
80 100 120

_25_



)

130
X

45

W(®1.5Lk

244

g

H 3210 o] =

<

I qlth W(Dl

2 A7 gol 371

<19 3210>& ol

ol

ImmA Al A 05-0.7mm= A

| E =

il

2}

e

0

jont

o

-1.Imm=

A 04

73l

1.5mm*Al

<19 3211 o] &4

_26_



W(@15u4Ag) el e 1204 7F

<39 3.2.11>2 W(O15HA )

Ao A 1.4mm= 7FAE Y

o xﬂ & ‘l‘ PSS

g 5

Za R o ed

R

Mn, Na, Ti, Al, Ag 52
WA =8t Na'(ds&

w ol Al 150Aw 2

PN
i, A 534

AT FF- o= 4l 80Velx

A A

age

: NaCl) ¥} #2+2 evaporation 2= %7} 500C o] A

B39

g
dpx
s
rfo
o\
o

B
o
rfo
el

o
{

RETA
o

il
off
ol
N

_—

evaporation A7 o]
o™, Co, Fe, Cu,
T3 T3 Crucible A9 9] €25 100A

Qo2 EL AEFAUL <E 322> 479 oled AF L 2AEAL e et
% % % 520l e Mg, Ca, Y, Ca 59 0¥ & #71% A2 AFo|n
<A 322 ol QIE 9 FAIEA>
o] 4l ] Parameter Mn" Na’ Ti' Co’ Fe Cu’
Crucible current 90A 125A 25A T3A T70A 47.2A
Crucible Temperature 360C 510C 180C 430°C 400°C 200C
110V 150V 180V 150V 150V 180V
Are voltage /current | 5070 | 10-154 | 07A | /06-08A | /02-03A | /0.4-0.6A
Mass separation magnet 11.3A 7.3A 87A 11.8A 12.1A 9.0A
Extraction 9kV 9kV 9keV 9kV 10kV 9kV
Voltage / current /5.0mA /7.0mA /10mA /6mA /3-4mA /AmA
Acceleration 91kV 91kV 91kV 91kV 90kV 91kV
Voltage / current /0.7-1.0mA | /12mA |/05-1.0mA | /0.6-1.0mA | /0.6-0.8mA | /0.6-0.8mA
MQ current 1.2A 0.8A 1.0A 1.2A 1.0A 1.2A
Scanner voltage +3kV +1.0kV +3kV +2.5kV +2.5kV +2.5kV
Scanner offset +3.0kV +1.0kV +3.0kV +2.5kV +2.5kV +2.5kV
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SRIM simulation result TEM result

ION RANGES
lon Fange = 988 Shewrmrs =037
iraggle = 2984 Hubodz = 8423
1zx104
lon Range = 404188 | .
Straggle = 2194 T

1600 A | -ito

[ATONS /em3) / (ATOMS /em2)

4wt
675 KeV 0 deg. tilt [
Jﬂ' -'Il‘m’t[)qn- — |...'I,.Ir]l 290 i)

v'850 A-thick-N+-implanted layer is formed at the position of 850 A from the
sapphire surface as calculated by SRIM.

PL spectrum
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T T T T T i/ T T T I T i
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» PL FWHM decreases in the ELOG GaN on N*-implanted AI203

HR-XRD result
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» Lower values of XRD FWHM are obtained
in the ELOG GaN on N*-implanted A1203
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(3) = 38ty / o]s4
1. 12FZ2AH2009. 5. 13)

- sample : glass/ITO/polymerl (polyimide],800nm)/polymer2(PET A ,50nm)

Lk

#1#2 | N'5kev 1 x 10™ions/ar

#3#4 | N'5kev 5 x 10"ions/crt

#5#6 | N'5kev 1 x 10"ions/cr

#7#8 | N'5kev 5 x 10"ions/crt

#9#10 | N'5kev 1 x 10"ions/ar
#11#12 none none

- UV—visible spectra

14 — sample2

—— sample4

—— sample6

— sample7

sample9

wavelength

- Device characteristics

1.00E-007

5.00E-008

-5.00E-008
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current

-2.00E-007 4

current

-2.50E-007 4

-3.00E-007

-3.50E-007

-4.00E-007

T T T T
80 60 -40 20 4
voltage

T
0
voltage

<No ion beam radiation> <Jon beam radiation>

_52_



2. 22 xAH2009. 6. 18)

- sample : glass/ITO/polymerl (polyimide],800nm)/polymer2(PET A ,50nm)

- XA
#H1#2 none none
#3#4 | N'3keV 1 x 10"ions/ar
#5#6 | N'3keV 5 x 10™ions/cr
#7#8 | N'3keV 1 x 10"ions/ar
#9#10 | N'3keV 5 x 10"ions/crt

- Device characteristics

— Vg=0
4.00E-008 — Vg=-10
2.00E-008 — Vg=-20
0.00E+000 —— Vg=-30

-2.00E-008 7 Vg=-40

-4.00E-008 ] —— Vg=50

-6.00E-008] Vg=-60

-8.00E-008] Vg=70

-1.00E-007

-1.20E-007 Vg=80

-1.40E-007

-1.60E-007

-1.80E-007 ]

-2.00E-007

-2.20E-007

-2.40E-007 ]

-2.60E-007

-2.80E-007

-3.00E-007 |

3208007+ : - *samplel: no ion beam treatment

T
-80 -60 -40 -20 0

current

voltage

— Vg=0
4.00E-008- — V=10
2.00E-008 — Vg=20

0.00E+000 — vg=3d
2.00E-008 Veead
~4.00E-008 g=4
-6.00E-008] = — Vg=5(
-8.00E-008 i Vg=6(
-1.00E-0074 — /// — Vg=1(
-120E-0074 — 7 — Vg=8(
-140E-007 _

-1.60E-007

-1.80E-007 " -
20080074 -
-2.20E-007 -
-2.40E-007 -
-2.60E-007 —
-2.80E-007
-3.00E-0074
-3.20E-007 ; ; ; ;

o w4 o xsampled: 1x10™ons/cn

current
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—Vg=0
— Vg=1Q

Vg=2Q
— Vg=3Q

Vg=4Q
— Vg=5(Q

Vg=-6Q
— Vg=T(Q
— Vg=8Q

13:
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HI1 - interface trap was observed to be located at 0.23eV above the valence band of
Si and annealed out effectively above 700C, due to the SiO, formation.

3. The behavior of defect states in poly-Si films fabricated by Excimer laser annealing

has been investigated using photo-induced current transient spectroscopy(PICTS). A
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deep trap is observed to be located at 0.298 eV from the forbidden band edge of poly Si
with the capture cross section of 1.51 “ 10-15cr’. The carrier capture behavior of the deep
trap was explained as Coulomb barrier model and attributed to the extended trap such as
the Si—dangling bond or the grain boundary defect. We could suppress effectively the

deep traps in poly-Si using a proton implantation or hydrogen plasma treatment.

Hydrogen-effect with post-annealing temperatures on poly-Si
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TE1D

<¥ 3243 oAbl wE AE Al WA >

2 3lstx WHIlE dolr ] 9d XPS(X-ray photoelectron spectroscopy)
2 Raman, :LF/]IL AFM(Atomic Force Measurement)S #2131t 3keVe o]2H oy
A]

atoll A 1x10", 5x10°, 1x10"%ons/crre] o] &xAbZo 7 AFE AW XPS Ao A&
<9 3.244>0 4 He vbe)l o] o] Aol SUME S E C-Clsp2, sp3) 2% 5714
S F A, o Ade 5 AGFELAR} s A o= 5 2
ol A H = Aok & n
o M &=
AW A C-C(sp3) 2 e o
ATH.
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alell A1 Ral(
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Intensity

Roughness Ra (nm)

800 -

——DLC film

—— 3keV/1E15
3keV/5E15

—— 3keV/TE15
3keV/ME16

700 4

500 4

500 4

400 4

T
1400
Raman Shift cm™)

T
1200

D peak increased with increasing the
jon dose due to C-H bonding scission &
increase of C-C bonding [SP3)

<19 3.245 Raman w4 23| mE D-peake 71>

2.0 T J T X T L T T T 60
#1  Suitable for Cell
" M L ]
1.6 Fabnﬂatlﬁn / L 50
1.4 - o)
] /Ox . 8
1.2 4 == =
1 (H) g O%O Lao %
1.0+ O m
T |
0.8 4 3
A ] 20 g
0.6 - e / =
1 3
04 5 — Ra(3keV) =
1 —o— Ra(SkeV)
0.7 - ) —e— Rmax(3keV) [ 2°
1 Bl e —1— Rmax(5keV)
0.0 T T T T T : T . T : I
0.0 210" 400" sod0® soa0® 10x10"
lon dose (ionsfem 2)
<7¥ 3246 AFM 4o m& HAF3AHZ=A>
2
. 1
Fue #7ol o}F My AR pe A Age P4 2
T2 VHR(Voltage-hold ratio)¥, V-T(voltage-Transmittance)<}
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pre-tilt =4 o] o]Fozrh VHRE 0~5V ¢17HA Hghe] dvperd d4 gt

T 2% IAE

npelx] dEFE EAoR 3wt Ay
f

Zo 15~20nm AEEZE 3keV

rlr
J|m
0>~
M
1%
o,
=
A
N
o
w
N}
~
§
\VY
rlo
)
—
@

N o° &
N

Ao}, o] &xAtEo] F7FE 4 E transmittanced Y= E
L owtes As A F Ude 1YBEE B ol
E golgof v} <Y 3.248>8 o] 2FAlHo] WEle] wE of
= & Zolm, 02%=~0.6% Alolo z#d

1. DLC Thickness : 15~20nm
2. lon Beam Energy : 3keV
—8&— Rubbing

—e— 1E16

—h— 7E15

—¥— 5E15

—4— 3E15
—»—1E15

100

oo
(==}
1

o
=
1

Transmittance {%)

[~
=
1

Voltage (V)

<18 3247 o] LzA e Wl wE V-T EXTA>

064 - 0578 1.DLC Tickness : 15~20nm
2. lon Beam Energy : 3keV

0.4

0.328

0.3 4 .\
0.172L\ 0.326

0.04-

Pretilt Angle

T 1 T T
2.0x10" 4.0010" s.0x10" 8.0x10" 1.0010"

lon Dose

<9 3248 o] &AL H WEle] wE ZYHE 74w A>
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2230.@ | @ Ness

(c) =<t A4

<19 3249 vtaF AA>

(5) AIAIE A2

1ok o] 50A8 glass 9ol wtAHE AL F, 15~20nmB =2 DLCE S 2sk3
th. 45% AAFE 7HAe= A AlESs w3, oW dyA 3keV, o]&FA)
3x10"/5x10"” ions/cn &2 A AFo] E0]7 AZo] o] 2We xALET 2¥aL, vps
Al uwpel zhzbel FAS g1skr] 9la Zzbe] 2o ks dvtetda 1 A <1d
3250>3 o] 6AE yehol Rt Egk olH A AFtE AlHE w4 str] A FEIE
& Astr] fal, <29 3.251>9 o] FEIEE A on, <19 3252>3 o]
TEIEE Foto] AAE AZS s
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Cu #

t}. Metal PCB 7] %)

(1) 1&
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TH 55T ofg HgHow < fgA HAAE dHSs B oy dHEs S5
sb7] flal  SFrE AsEdddl 7 Sse A3 TS o]E Metal PCB 7|#ow 2§
s719lske] olew W71 Aeat A7E AAsr
This work
Cu laminating Cu laminating E Cu electroplating i
! i
 Coramic filer POV Cu IBM coating |
| Anodic oxide | Anodic oxide |
! i
Al base Al base I Al base E
i !
Better thermal conduct_
<79 3.253 Metal PCB9] 7|2 +x % 2 AFoA Aed x>
(2) 2%

B AT A8E ooy wAe o&d THT SRS <17 32540 e
otk WA AT EAS FFAGPOR HakAe so] somTAL) AAZL FYstw
O EWE 10keV AR oUAE ZtE Dol LoR 45° ZtER ZAMEY] BW AAIE
A7l 79l A4 Tted Ees 55 AA o s 3HSE 100nm el e
FHFS ARG ot o2y WYL AT FHUAZ 1 FAE £Aole] EF
ool s AgEr ALY AAY FAW (e-beam evaporation)s AH&-SFATH

- Pre-implantation lonsiiil e
i Cuimr i
= 1.0x107 jons/ecm?
» 800A Cu layer « 120°C. heat-
deposition by Zesietad
e-beam ‘
10keV N-ion evaporation 70 keV N-ion
\\\\ Cu Cu
. Ll
Al base Al base Al base

Cu

Heat-treatment

Cu Cu
" Cu-AO chemical bond ‘ B a— ‘ e —

formation by heating

= 300°C, 2hrs in vacuum Al base Al base
Additional Cu deposition IBM mixed layer
for electroplating is formed

» Electroplating process
requires Cu-seed layer
larger than 5,000 A
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o) HFES St
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50im Aol Astes @A olfA F4E bste2 Ad

2,300VDCel o] dAatadsts Bl Absts #W el SEM Apxle]l <21y 3.255> o &
A 5] T

<19 3.255 of:etheold APy &Fvlw EWe] SEM AR E>

- EAdERE 2 Aol FAE CFAE AFESA ¥ Metal PCB 739 dAERE
2R3 A (~150W/m-K) 7]F¢ Za}~E (~ 0.1W/m'K)¢} EpoxyE Ab§3t
Metal PCB(~ 50W/m- K)ol Hls] €53 %L A= 54& How oe n&yd

2o ds HAstE LEDY 7|#o 2 A3s 548 Hr
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- SEM ©HARZ: <9 3258>% oW =4 uld&[(a)], d&[(b)] F&u/As s Al
< SEMo= st Ay} WA o]l ulA
Fol7h skl UAE Egol o] ol
[e]
= A

AgehA g A AW FEe] Ay

- Auger depth profiling: 2]9/4kstS AHAA S Fg, &F0H, dardae] A=
g 2uny] s Zol mE  Auger VS AAE Ayt <2y 3259>9] e
U it ofe] mEw oWl WY dAEE AE&FoEM AW Atk A5 £
o] 7t Aes & F U

Cu without IBM

100
80
a0
LR
20
100

Cu with IBM

o 4

o |

w0

20 ]
_,__g,.:—?ac-<£:

Cu with IBM and
heat-treatment

Atomic concentration (%)

Atomic concentration (%)

——¢Cu
—N

—_—r

_\
LB
. 7*—/_/
o T T
20 100 120

0 =0
Sputter depth (nm)

Atoric concentration (%)

<9 3259 FE&53 2aEAHE el Auger depth profiling 2 3>
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(6) A=A H=E

- Temperature Cycling Test: 2 A PCBe] 2}-&3t74 3 FAFSE 3o Ao 2134 & Hls)
7] 9ste] <29 3260>3 e 2How AYS

=
W% e A5 Y HAER we, AL WRse] K54

yRiel ot
150 C/15min

1,000 cycles

-65C /15min

<29 3260 E Ao A HAAE temperature cycling test 24>

<a¥ 3261>% ol2d HAS A& 20002 AT FEE AlAe

)
Temperature cycling test 232 S #ZFA] Fgjute] ofifd W7l A7 =] &

o 0 o)
wha = =
T Atk [29 3.261()] 19 3.261(b)= test AF AHE 27 olnA 2 #Z3 Az
L= 2 Wyl B Fdes & T ATk ole 22 AR AR ol2R] HAAS A
gatel A Fvte] A5 o FAE ol 8aH ] wiel Aol w§ FF 54 u
& ¢ & ol
(@) (b)

<9 3.3.36 (a) T/C § FEluhe] Fwadst (b) T/C A5 Fe=he] 259 ofwA]>
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Er Fe Co Mo W

488 7062 773 12,94
344 3001 373 2255 37.48
4,31 8211 807 3.9

3.29 3237 389 2164 3623

Cr Mn Fe Co Mo w

417 053 8233 922 3.03
3.37 31,96 365 21,45 3691
372 057 8592 888 0.34
4.21 8246 904 3,47
4,65 38.08 4.40 49,56
4,39 84,66 912 1,13

Ct Mn Fe Co Mo W
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I g ol%, Aol A] (<50 keV), A ol&ZAl# WHAoldE ¥ vrg] 2 wajo]
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AL A A A gtest PC/ABSe] ©H morphology
o] FE-SEM ¥# Apxlolty, ©hil Apxleo A ®H5 oM FAL 49 3l pristine G o] 5
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250 nm<ldl 70 keV Ar< ~200 nm=E o]2¢] HFo] we} e oA oA Z2AEA S
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Plat surface Micro/nano-roughness
Young's equation Wenzel cos 6’}_“' = 1'COS 90 - A
cos 0, = Yo “ Vg : wet Ap
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C |
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< Uad 2

- Fe compound : FeCly (99.9%, powder)

- Crucible Current/Temp. : 70A/400C
Arc P/S Voltage/Current : 150V/0.3-0.4A
- Mass separation magnet Current : 11.6~12.1A (~2600Gauss)
Extraction Voltage/Current : 9~10kV/4~6mA
- Acceleration Voltage/Current : 80~81kV/0.5~0.8mA
MQD(x-axis) Current @ 1~1.2A

- Electrostatic Scanner Condition : 1kHz 42ts}, +3kV

919 Fe ol&W ZAlzzpoz 1547 A3 F (1.6x10"/an), 950TClA &7 FolA
SAIRE EA LR A3t #dF FRFHAoR WA= AL <ad 3294>] YEdy. £
T Abgtolol= B FARAX G AL FAES S Ay FdAl e AL

2AhH 9,
Fo' il %2| > . ei#z|

<71% 3294 0keV Fe' & 1.6x107/cr 2 Abubolojo] A} & Axlg] A3 ukal
¥ 5} >

f

% 1x10ons/ai 2 Abstolole] 2Ab ¥ AAe AF WA
th Mne e oledti el ofgk 2@ 44 nglot 950T A
= Ago] ol Aom wrh FYsA Watm

N

<23 3295 100keV Mn < 1x107/ci 2 A}sfo]ojo] =A}F &
Al A dA wHsk>

<% 3296>% 90keV Co o] 2wl 16x107/cnZ Absbolojo] FAF & Az st A
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Aoi7k bsetmi ohdlsh Lo LAEAY PHE BEES

Cryo Pump REGEN. &=Af

W 7|23 Check Atgt
(1 (QE)dZha= H 2] 18°C setting
1 2. (2| E)Air Compressor St & His 2 ¢

ol

B REGEN =X
D (M O{Eh Power ON — (Z=6}CH MANUAL 22| — Stage_Main Chamber 22l

<E™E : 0.2Mbar>

— CRYO PUMP 2 7| 300K O] & =& — CRYO PUMP REGEN OFF —

<ZA|ZE CRYO PUMP OFF&EfZ Z 20 305KTHA|
S8 | / 271 PURGING El&= £2|7F LEA|9H
L7 ALIG 42| FopE>
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<MANUAL &}H>
1X} Rough Rotary Pump ON — CRYO & DP Rotary Pump ON
—L.B.P Rotary Pump ON — R.B.P Rotary Pump ON — (30% &)
— L Booster Pump ON — R Booster Pump ON

<Stage Left Chamber 1 $}H>
L-FV OPEN — L-DP ON

<Stage Right Chamber 1 3} >
R-FV OPEN — R-DP ON

<Stage Main Chamber 2 3}H >

Ion TMP BAC RP Run — ION TMP START — (@TMP m}gJMZzt0|) @PHE +2
RPMAF£2t0l — ION TMP MV OPEN — ION rough Valve 5 OPEN

Lo e

ot

<Stage Right Chamber 1 3|3 >
Gate CYL 2 UNCLAMP — Gate Valve 2 OPEN — Rough Valve 2 ON

<Stage Left Chamber &3>
Rough Valve 1 OPEN — ZI&Z E 10-1 Torr0{ A{ — Rough Valve 1 CLOSE

— Rough Valve 3 OPEN
<Stage Right Chamber 1 3}&>

Rough Valve 2 OFF — Rough Valve4 OPEN — 1A|7t= (DP O €%F) —
— Rough Valve 4 CLOSE — Main Valve 3 OPEN

<Stage Left Chamber &>
Rough Valve 3 CLOSE — Main Valve 1 OPEN

<(@5x10-5 Torr) Stage Main Chamber 2>
Ion Gate Valve 3 OPEN

<(@Low E-5Torr) Stage Right Chamber 1>
Gate Valve 2 CLOSE — Gate CYL 2 CLAMP

<Stage Main Chamber 2>
Main Valve 2 OPEN
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Right Chamber
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Cryo Pump ) I w2
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