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WFFER R OME (3E30) : The goal of this research is to clarify the interactions between
incoming species from the plasma and the surface material in a plasma process and their
synergetic effects, i.e., nonlinear effects that cannot be accounted for by superposition of
elementary reaction processes. In this study, it has been shown that, under certain
conditions, effects of ultraviolet (UV) irradiation from the plasma on etching rates cannot
be negligible and the conditions under which damages and relaxation processes caused by
hydrogen injection affect the final states of the processed materials have been obtained.
With these results, it has been clarified how energies and fluxes of hydrogen and UV
irradiations need to be controlled for high-precision plasma processing.

AT IR TERA
(BHAHAL - 1)
[ERPSES [MECTES i
19 FHE 15, 600, 000 4, 680, 000 20, 280, 000
20 M 10, 200, 000 3, 060, 000 13, 260, 000
21 FE 8, 200, 000 2, 460, 000 10, 660, 000
R
R
# 34, 000, 000 10, 200, 000 44, 200, 000

i il e ¢/ E R
BHFEE D43 FL - MIE « 7T A~ Fh
F—U—NF: T I RXw, T X7 mt R EHERE



1. WFFEBHAE SO 5

FBAT N ZABGETRECHORD T
T A= 7a ATBWT, BVER T RILX
—HFf o TWEERIICARNT LA A 0%, 7
T A NLRERFFCEH EIND - TV -
HOREIZLY, REWHE & D CTHME
BN 7 . WEERE DT ) A—
MVORSORE (FwT/ BOGE) [ZHET
5, LvL. ZHSWHEROFEMT O
I, YERHIEA TN TV Do Tz,
2. WMEOHM
FRoEROL & AKFETIE, TR~
ot R IBITDL, T RXnbO AR E
Wg s OMEEREZHLCT D ELED
2, EOVF TR (RISHFREOERS
DEDBRL Y LT 7o WIS, BTG UG
DOFFEZNE) 2SN LT, & HIE AT
BARH LW T A~ at A5 EHRETH -
EEHEPE LT,

3. WDk
AT, Bl I 2 L—3 a3 v EREEIC
A X 207 208 ©— A RIS 28R 2 F
TT 7 A~<% g L, BREEIZVAT A
EHET5Zticky, 7T X WEHALE
HOFREEH BT LT,

4. BFZERR

R 19 AEEEICIE, B ICERE LB EY
iAo E—b s TUHNLE—AREKEER
FOBERROE &7 BEA A v B — LIRS
ZHWSZ L2k 5T, Si02 X PMMA ZEoD—
v F U TNERBT DA A - BRI IREHC
KON ROFEREZIT o7, ZhDDERR
W2k, 72& Z2I1E, Si02 D CF3 A A B— A
AR T T T DA — )L KBRS D[R
WEIC L > TFEFNRAZ L, £72, WIC PWA
DA Z ) T A =)L KNCF3A A4 EB—
I AR IC L 5T, A4 E—A
BEMBEHO L XI5 TEND Z L2k
TN, F7o. Mg0 72 E DA A o MERE AL~

DEESHHE = RN F—A T AH BLON

KHEBOXEE T 50, 414 &
TRIFEAR 2 EOFEBREZLZ o, Ko xv
X —HERICBIT ANy XA — )L RF— X
NR— A B LT,

SERE 20 AEREIZIE. Si—0-F-C-H R D4 TFH)
NFIal—ya VI NREFEAEAL, £
NEHNT, EFRAEEOHFE S I 21—
3 U EIT) WD -, — ), KB ERE
MlHeiiE, & bif, SiOCH O v F o 7
Ralb—var, BIXO RERERE (77
T7A RN TENLNT 7 AI—R) 1T D
AKBEAF S I ab— 9 VO BT T,

B, BESHEA A E—AFERIZEBNT,

A A E— A EERANRBEOMEY R %
Si02 BLOR Y ~— (PMMA) BEiZkt L CT&
DIZRE L < f#HT L7,

Rk 2 14X, Si-0-F-C-H R D48l
hFEYIalb—yvara—RE2HAWT, 7%
MUY A D B LB AR Y < —PMMA
~DTaaH—RTIHI e A I DR
VIial—varERBIRolz, ZHITLD,
TIT R ERY ~—OMAEERO— RN
BHaEHLMZI Lz, £, PWMA ~DRIEEZ2 A
F e — AR EREIT., V32l — g
URER L O AT o, F2. VU av i
Wi E~DOKBAFICLDZERHRL A —TD
AL LTFE— ABEERICE VAL N
L7z,

INLOMERREERETDE, 7T X~
NOWERHRA~RE SN A A4 - FiET Y
TV A - BT OMEERICE Dy T
VIRHERE S 0 A~D BN A KA
oL, £, BEVI2v—va %
HAWT, #N6DFEO—EHIZONWTIE, %
OYERIBERE N S0 & 72 o 72,

ZOEIELNTEEREOENICEIT
HANESITEA L7 MIRDOLEEY TH
2o
WD ST A<l I XA~ ak
AR T, 7T A~ZDH O & EEMEEE
HIZHET 5720, 7T X~hoA 4, HF
MWZ N, Tt EFOENN, EDXD
TR T, RESSICAREICHE L
TWADAMETIZ AR D o T2, AWFZEn. BN
SO DIFFEIT R T =— 7 2%, A A
Vo T UL - SO O EF (VT
V—R) IZEHE L, ENESSDOFEIEE
OERHDOETITHIN2WESR GERIED
R) ODBENOEET L L ZAITH D, T,
T R<REAE/EHR MD - MC I 2 L—
gk, PR 18 FEEIGRE LI LWEER
SYEEIR T R L ¥ — A F v — A IR R ER A
Bratbr2 ko v — ARERIZL S
BT R X —SRELZ O — AR
FEBREZMAEDE T, B - EBROW )
DREBICA S FIBR T L, ZOfEHR %
HLEILT T AT ARERIGEDARE &
BB IR 2 FIEIC S . AR E D &
V. FRRFEEZANT, 77 XA~ FREHA
VEH D & OG5 D WF9E 7 — 71, it
FHNCRTHEETH B,

ZOHOLEELNTET S A~ HEAEHICE
T DeEA 72 IR, JEEER 2R BFGEIC LD .
J A — "V RS — )L OB T 23 8
RENDFEE T OB ARKE A VE L NG
E (EET AL AGH) 07T A~7n
B 2 O I 2B 7 3R 1 SO A D BRAE L2
HIRREND TR, BERAIFHE—BEND D
A A N RBERESC N U T U A ERES O H
BRICH LT —EDHE#HEH -2 DB D
THY, TOERITMD THRNEEZEZTND,

ASBORELE LT, EWFRRRERL SN



HEEZONDLA—TOEAZBZHL
VPRERE IR T A LW T T X~ T e
TR (Fo b 2, HEREERT N A 2D flE
\CHR SN DR v F 2 A 2k
THELRDETRIND ST A~FKEMH
HAERNCBET A AT0, IRIERRET 7 X+
kB Y7 h=F U 77 et 2AHERICE
57T R~ REMAEERRITE, HiLng
2RI D 7T XA~ REMAEERZRIC, A
MR CTHIZICB N R L e FIE2 G
M5,

5. TR EmRLE
(FZEfR3E ., AFge 03 B ORI ZE 35 12
=Y

UEsEamsa) (Bt 13 1)

1. Y. Murakami, S. Horiguchi, and S.
Hamaguchi, “Molecular  dynamics
simulation of the formation of sp3
hybridized bonds in hydrogenated
diamond-1like carbon deposition
processes, Phys. Rev. E. 81,
041602-1-9 (2010). 2 FHif.

2. S. Yoshimura, K. Ikuse, Y. Tsukazaki,
M. Kiuchi, and S. Hamaguchi, “Effect
of Ultraviolet Light Irradiation on
Etching Process of Poly(methyl
methacrylate) by Ton Beam
Injections,” J. Phys. :Conf. Series
191 012030 1-5 (2009). #FiH.

3. MEFREK EOFEE TH1E/1F
o b—3 3 T KD R R A
T = XL OfEMT ] J. Plasma Fusion Res.
85, 674-679 (2009). #FHiAT

4. K. Ikuse, S. Yoshimura, K. Hine, M.

Kiuchi, and S. Hamaguchi,
“Sputtering vyields of Au by
low—energy noble gas ion

bombardment,” J. Phys. D: Appl.
Phys. 42 135203-1-7 (2009). &4
5. SRR, HAE, HBRHE, KNIE

N, EOREC+A A E—2a%HN
TRV AL T VIVEEATF VRO T v
F 7B T DN ORI .
Vac. Soc. Jpn. 52 127-130 (2009). #
Es]

6. EHNEE [FIA =y T 7 REM
M A —n 7 7 a—F | N
RI A4y F o7 OREEEROHR
M, 77 A~EMETR5E 85 177-184
(2009). #EHA

7. Y. Murakami, S. Horiguchi, and S.
Hamaguchi, “Atomic-Scale Numerical
Simulations of Structural Properties
in Carbon—Based Thin Film Deposition

10.

11.

12.

13.

Processes,” Proceedings of the 19th
International Symposium on Plasma
Chemistry, (ed. by A. von Keudell, J.
Winter, M. Boke, V. Schlz-von der
Gathen, July 26-31, 2009, Bochum,
Germany) 07.05 (3pp) (2009) ##i
i

K. Ikuse, S. Yoshimura, M. Kiuchi, K.
Hine, and S. Hamaguchi, “Measurement
of sticking probability and
sputtering yield of Au by low—energy
mass selected ion beams with a quartz
crystal microbalance,” Journal of
Physics:  Conference Series 106
012016-1-3 (2008). ##iA

K. Hine, S. Yoshimura, K. Ikuse, M.
Kiuchi, and S. Hamaguchi,
“Measurement of Au sputtering yields
by Ar and He ions with a low—energy
mass selected ion beam system,”
Journal of Physics: Conference Series
106 012019-1-3 (2008). # @i
SRR, HAE, WRECE, EE—
W, KWNIEAN, \OfE e+ ®E
EBELZCFR3 A A E—AI2L5 Si02 =
v F o T RBROMPIE ]| Journal of the
Vacuum Society of Japan 51 158-161
(2008). #EHiA

KRR, AR, WIRECE, EE—

W, KNEAN, EOfE ME=xr¥—
HEHEA A v — AR EEE Z D
728102/Si B ~DA VU AA F U
AJ Journal of the Vacuum Society of
Japan 51 218-220 (2008). #f&e

K. Hine, S. Yoshimura, K. Ikuse, M.
Kiuchi, J. Hashimoto, M. Terauchi, M.
Nishitani, and S. Hamaguchi,
“Experimental evaluation of Mg0
sputtering yields by monochromatic Ne,
Kr, or Xe ion beam,” Thin Solid Films
517 835-840 (2008). A FifT

K. Hine, S. Yoshimura, K. Ikuse, M.
Kiuchi, J. Hashimoto, M. Terauchi, M.
Nishitani, and S. Hamaguchi,
“Measurement of Magnesium Oxide
Sputtering Yields by He and Ar Ions
with a Low—Energy Mass—Selected Ion
Beam System,” Jpn. J. Applied Phys.
46 1L1132-11134 (2007). AFHiA

(3R] Gt 411F)

FEfE s, BHRE, o BE TG
MEA A2 kD Pt, Co BE N PtCo = v
F 2 VO] 2010 HEFRZE 5 57 Bl Y
HEBMRE SRS 2010 £ 3 A 17
H YRS v XA P



10.

M EE, EO8E MDY 21—
3Nk BT T Xt RFEMEIO
v F TR BARRTFAERE T 5
42 [P 2009 &£ 12 H 5
H BARRFZAETLFHTERES v~
INA L HEHE

C. Thomas, K. Karahashi, and S.
Hamaguchi, “Thermal desorption of
hydrogen from H+ irradiated Si (100)
surfaces,” the 4th International
Symposium on Atomic Technology ( Nov.
18, 2009, Maiko Villa, Kobe).
Tomoko Ito, K. Karahashi, S.-Y. Kang,
S. Hamaguchi “Si etching by Br+ and

HBr+ ion irradiation,” the 4th
International Symposium on Atomic
Technology, Nov. 18, 2009, Maiko

Villa, Kobe).

Y. Tsukazaki, K. Tkuse, S. Yoshimura,

M. Kiuchi, and S. Hamaguchi,
“Measurement of sputtering/etching

yields by CF,; ion beam injection with

UV light irradiation,” the 4th
International Symposium on Atomic

Technology ( Nov. 18, 2009, Maiko
Villa, Kobe).
Y. Murakami and S. Hamaguchi,

“Effects of Hydrogen Incorporation
in the Formation of Hydrogenated
Diamond-like Carbon Films,” the 4th
International Symposium on Atomic
Technology (Nov. 18, 2009, Maiko Villa,
Kobe).

K. Karahashi, T. Ito, Y.Matsumoto, and
S. Hamaguchi, Etching mechanisms of
FeCo magnetic films by chemically
reactive energetic ion injections,”
American Vacuum Society (AVS) 56th
International Symposium & Exhibition

(10 Nov, 2009, San Jose, CA, USA).
T. Ito, K. Karahashi, M. Fukasawa, S.
Kobayashi, N. Kuboi, T. Tatsumi, and
S. Hamaguchi, “Effects of hydrogen
bombardment during polysilicon gate

etching by HBr/0, plasmas,” American
Vacuum Society (AVS) 56th
International Symposium &

Exhibition (10 Nov, 2009, San Jose, CA,
USA).

AR, BERE., KNIEA, EO%
B MR R LX— o o v — AR
BEHWE U BER~DA T A
BIOHY T ADEAN] 5 50 [AIEZEZ
B9 2 AT E 2009 45 11 A 4
H ZEBEHAF Y 28R, AL
EARHOR, MM, EOEE 178
HFE I a2 —ya raHWIEHEE

11.

12.

13.

14.

15.

16.

17.

L Si0CH = » F o RO | 55 9 [A]
B an %7 LETT NS AT —7

EAVA 2009 4= 10 H 22 A B7E K
EZNIVN /3

S. Hamaguchi, “Molecular dynamics
simulation of plasma surface
interaction for low—damage
processing,” the 21st International

Conference on Numerical Simulation of
Plasmas 2009 (08 Oct, 2009, Lisbon,
Portugal).

R 7, FERE U, B, RORE
[Cl+,Br+ A AL D ST =y
F o T ROSITB T BKFEORE] 2009
ERKZRER 70 B Y EF2 FAaR

20009 A8 H EILIKE &
Y. Murakami, 0. Watabe, S. Horiguchi,
and S. Hamaguchi, “Atomic—Scale

Numerical Simulations of Structural
Properties in Carbon—Based Thin Film
Deposition Processes” the 19th
International Symposium on Plasma
Chemistry (30 July, 2009 Ruhr
University Bochum).

S. Hamaguchi, “New trends in modeling
and simulations for plasma
technologies,” Memorial Symposium
for the Retirement of Professor
Tachibana, “Toward the Next
Generation of Plasma Science and
Technology, ” (30 May, 2009
Kyoto University, Kyoto).

S. Hamaguchi, S. Tkawa, T. Ito, K.
Kitano, and A. Tani, “Atmospheric
Pressure Plasmas and Their Biological
Applications,” the 7th EU-Japan
Joint Symposium on Plasma Processing
(April 24, 2009 Chateau
Liblice, Liblice, Czech Republic)

Y. Murakami, S. Horiguchi, and S.
Hamaguchi, “Molecular  dynamics
simulation of carbon thin film
deposition processes,” The 6th
EU-Japan Joint Symposium on Plasma
Processing (JSPP2008) 2008/4/21
Okinawa.

A. Suzuki, T. Takizawa, M. Isobe, and
S. Hamaguchi, “Atomic—scale

numerical simulations of SiOCH film
etching processes by energetic CF3
beams,” The 6th EU-Japan Joint
Symposium on Plasma Processing

(JSPP2008) 2008/4/21 Okinawa

(XE) GE1)



FOBE (K74 - U=y bz y 50 7 ki
et (O 3 =5 1 HiEHY) 221-237(8
it @i 2009).

(PEZEIY PERE)
Ok Gt 1 )

S IRFEEORE L

U EOFE, M EREK
PRI © RBRKZE, v /) 7 RN
FE¥E . 45

5. 2008-109129

HFEEEH B - 2008/4/18

EWNS DR - [EHN - KEH

(& D fil]
R BR— U5
http://www. camt. eng. osaka—u. ac. jp/hamag
uchi/

6. HWFITHLR
() WFzefRE

O B (HAMAGUCHI SATOSHI)
KIRK » T2 9e R - B
9% 5 : 60301826

Q) WFFsrias
AP 4 (YOSHIMURA SATORU)
KPR « TR - UEHR
WFgeE &5 1 40294029

JeBr S (KITANO KATSUHISA)
KK « TWFER - a2
WF7EH %5 : 20379118

(3) M TEH
BEF  E— (SHIKATA SHINICHI)
MSEATBOE NBE BN A BT - &4 A
Y FERE 22— Bl ¥2—F
9EE %5 : 00415689

[ ZEB] (YAMADA HIDEAKI)
ISTATEOE NPEE R AWIZERT - A
Y KRR 22—« BF3EE
78 & 5« 90443233



