BEIKPRIEMF IR HERE S 35 CREST
WrgesEN | 7o AL T L — v a il iHh T v
AT LAY |
WP I A AT L — "B TIC L 5
3 It G O HE & FrigeE R L

WFZEHM Rk 21E10H ~ k2743 H

R AVE - I |1
(R AL R FZIRARTL 25T A . 208%2)



§1 PFREMOBEE
(1) S 2

RELT T T O RO NRAG T T — Ml by T X T A THL R — ATy
F L TN B DT AAE T T — MR LA W T TR TV Iar B
LB AR D MK G - ¥5)— - i@ 8 - BRI - 7 A7 RS A TE R L . mh 3 &Ry R
BB L& Ry b —F—~ S 3528 % H It 7=,

F9, BIGrBL O M7 GrTiE, & FRyhKEEmH O YV ay Fry~v=y s&1) )
T AT REEVERI I OMESL AT o7, 72V F v BELOWATY T Dps DUy E~DAfiA4
Y7V—DERHE 2 ok ba FEHLLTC, 2 IRoThEmIbIIZBKMEZFF>7 2V F R LD iR
B 7. BLORIERESFEIE S SHITSVar R R COBELE nm FE2E OB B OR#
BHAEFIHTHZERMETHAZEEMIAL, 2 WItEEEREZ ALY a—NETHEBTLHH
EATESI LT, FT-, B3R - Pk 70— 2% W TARIR R L 2 Tl B — 2 BN 38 L OB K M
DOHFIEN S FTHE CHARAY AL BN EBL CED LNy oTe, BMLHEIC K> CTH B aRE LT
%, BT E~ AT ICE R E LY ICiR E SNV a3y SN~ 2 DB )T A AT T LA
EOERNZ R LTZ, — )7, &Ry —V—HOMBEHIE LV AEHE, AP L0
DA E B AT T A AEE RN A TS LT, 7 =T O MEHIEELE T, 7=UF D
SMIZR =T Lo 7 a— AL RIERT T 528 T RS2 7 =V F AN D AR = F
Lo 7 a— VBT KD NARFE F T Lok F IEEBE O HIENZE s LT, Bl SN gka T 2~ A
MR B P YERI A — Ay F 71210 20nm FEEE DO JIFE T 10V em 2L EDOE B FEDE T AT
"VD A BB IO DT 2TV MMt TR & /87— B L O E DO ERIC R LT,

FIUGrB LI OMFHHEGr TlE, SiC BEW SiO, NUT &S Si T /T4 AZ T L AREEICBIT D)
DL U7 DM ElH S A F I A P RE S R L KB NI U, T70bb  13E
BB TGS DL Si 7 ) T AR T VARG W T, S= U R BB SR O & 03
ECTWBAIEEMZ R LT, ZNHDFERIL, T/ T A AT TV AREE BT HI= U RIS
IV RN LD vV 7 O i g D Bl 5 A /R L CEsh, 2o SiC FERERE 2 =3Ik e Si
BT )T AR T UAREED, SIERREO &Ry MR EMA~OIS BN TODZEN D>
o 7 VT LT/ T A=y DAV A FET /8T — S O TR Y AR EE R A O )
TERERID ., X vV T EOEIMIIV T )T 4 A7 IR BIZ B W TR YU T OA— ¥ = #iiL
WAL, ZOFEE 10 ps FREDOIEFIHOF ) THIIEN AL TODZENbhNoT-, Tk
BRIV, BEEOXYITIEAETOIL—F —FIEORRZ, @5 O B b E Ry hodH7e =
WICIRAVBZFFIZ 72 WK T )T A AR, i8R E AR CEA s OF v 7 iE
ABAEETHDHIEN DT,

ZEIGrTlIiiEBEIEREINT-EF T /T 427 AV -EF Ry b RGBiB L OE R b
L —P—~DREREIT o7, TR SIC Z W23k e Var ) /T4 A7 7L ARSIk &
OEBEREHEENZ LD =/ S RO R O FEREE TSRS < e FAORFE L O BIFR AT BT, BAR
M7 KB5S A R 2 9 AL TR ER I 2R eV arF ) 7 4 A7 K la s EL T=x/v
XN 12.6%% KH LT, FIZHESK LIV T /T 4 A7 K Emm ORI EEED TRY,
BRSNS TI= AU ROR CEIHRGTS TRV ER D M LT 52200
U BT & 7T ) T A A T U AEE TIERRI O v ) 7k TR HY | ERFFEI
BOWTHI=ANURBERINTWENRAEFHER T HZ LI PI LT, £72., GaAs/AlGaAs,
InGaAs/GaAs . InGaN/GaN b~ PEG &7 =V F N LD 7 =V F R & b i i 2 ZEL L
PEG &7 =V F U ICkVE BN 8a 7 %~ A7I2 GaAs/AlGaAs, InGaS/GaAs 3L
InGaN/GaN DB EIN T2 EH L, FIC, o 23 vl E TH®DIAAT GaAs,
InGaAs BE W InGaN F /7 A AZHEE I VEEE 7 + ML IRy A MR L . GaAs BL N InGaAs
F T4 AT G T O TCEREACEIS IR TOERE LED Fitt 2552 LTkt LT,



(2) B 72 R
<ABIT SRR EE L CORE >
1. SR EE Ry MDA = U R AR

I IZ SIC & AW =3k TeVar T )7 4 A7 T L A& L OWERER BHEEIZ L A=)
‘/F‘@ﬁjﬁl‘m;@:ﬁ&ﬁﬁaﬁ HERRHEL O BIRZ LM Uz, BERARRY 72 KRS i 1 A 2
FTHEINTHEERIR T T VA F )T A A7 Kt O FA D TR | & H Ak IE O i
/\icl%ﬂ% tl:f\fz%/\/}\ TERL D ZNH T IR E O EFNHEHTA R VI BRI M 2
ZEEHLNT WNERL- BT ) T AR T L AEE TN E 2RI W TE T/
7’*\4?@7’1/4’2)3%&’@3 IRELCFHE L TNLI LA MR THID THER T D2 LITAEI LT,

2. }/7 & '7/j][]:|: \—J:Za,fh/\q:ﬁi%}\ /]\ \—ié%&ﬁﬁ%%ﬁmu

GaAs/AlGaAs. InGaAs/GaAs . InGaN/GaN _~® PEG &7 =V F Nzt n 7=V F  BliE
b il 2 LB L 7=, SHIZ, PEG i 7 =V F kb7 %2~ A2 GaAs/AlGaAs,
InGaS/GaAs BX N InGaN/GaN OEBEEEN TAFEHRL, ot ¥ 3T v/L R CTHDIAATL
GaAs, InGaAs BE W InGaN F /7 A AV G SV E T A ML Ry B A% R L, BT GaAs 15
LW InGaAs /T 4 A7 % O CEIIEANCL DR TO R LED FrEA 552 iR
THID TR L=,

3. BE RIS v BT AR S R R i D e ST

B RGN R W TR mE O BAEHZHIE CEAIOICREILIZ& R A X Y
BT xVF L BILOVATITDPSD 2R TG fu eI 38 L O PEG (B~ =V F N L5 M il
TS E AT NI L, T ICELE A HERF LI IRIE CO XL R R EHT, REBILDRETOH
JVALERFE T 35 S OMIE R iy » PRk -2 — 2 LR S A B 52T, vay Fi~v=y
L VT LG ALV LT 757 2 AT 10nm DX — - 555 FE - R fg ) H &
F 7 PR TS (R 2 i FL TR THRENL LT,

<BHFEEANA /R a N REL T 5T DR >
1. MR ET Ny PR EM OB GHES 2 PR

[EAE 10nm, M@ 2nm CHLE SNV ar BV v~=g A 71T VA% VTGRS
B3 L OVE SR SEBR AT K ORI LA BRI 72 T 2 2512 &1/ PSS R O b3
=NNURTERE EBLCE L HE L CSICIEN i ThHZEAALICL, Fo, SEREE O
JEREE CH 7 WA FIRE T D Ea R LTz, FTo, N RF Y7 2.0eV BELU 1.5eV #fF-
hfEfEE B T VARG S 1. leV S Uav A LA G bR 7 2K E
IR =W RA8Y , /N RF vy 7 1.8eV BLD 1.4eV 2Fi~7-5 @b & /7L A
LA DELERNE 0% L2 FEBLTELTELBEmANTRL, ERE~ORGFHEE A
ONILTz, F2, VA E Ry BV L~ = A B Ry MZBWTH SR RUKEG BT
DIRFIHATVN, 50%LL EDZEHNFEEFGHD FTREMEL RIE LTz,

2. 600nm—1.55 u m FEIL CO &Ry - —% —ik it ¢t 4 B (L

ELFE 15nm TR 20nm 5% L - ) — R KTV MR/ T A= DAV MR A DY



LIV BSE/ TV BLFE A T DTV BEAW)/ TV DEL) &1 /P T VAR
ZERL, BIEPLEBLIO=RIBLEDZEB TEXHI 2R LTz, 2, ZORBRITIE ST,
600nm-1.55 u m FEHIK COE Ry —HF—FHELDO=D DM EIOMAE OO L, L —W
—HERE ORREHEFZ BN LT,

3. AT T L — MBI L7 me A0 £ bR EH B b

BRI R TSN A AAT 2 T — M ERAER TR FE SV PPk - B — DT O 5
bz BERL. BEHES#ZM LI,

§ 2 WFFEE Al

(1) WHFETF — LD HNT

© 3T /74 ATHER) 7 —7" (FE)] Gr. +II'FH 7 Gr. )
WHIESINE

K4 B (i SNk
ENIE - ® jtj(%j"ﬁﬁ“ﬁgﬂim% Hifz H21. 10~H27. 3
REFHH = ﬁjhki%ﬁ?@%ﬁ% = H21. 10~H24. 3
E#Z I ﬁ;ﬁ;ﬁgg;g;g“ Bh# H24. 8~H27. 3

PR HAER %"j%?gﬂ?m% Bh# H21. 10~H23. 4

S R ek e Hi25. 4~H27. 3

FZILIERN ﬁ_ﬁjﬁ%ﬁ;iﬁlig HEH R H25. 4~H27. 3

L~ —HR =L jﬁus;ifmj(i Hfz H21. 10~H27. 3

] 11 it AR ?%ﬁfﬂ?ﬁ%‘ﬁ Bh# H23. 5~H27. 3

[ fifr =] ﬁjm%i"}gﬁgﬂiﬁ% B H23. 4~H25. 6
R H

c NRAFT T L— MBRINTIC L D EY— @B E - HEE 3 RTT /) T 4 A7 HEEOK
AT O BA %

@ T®&FF/T4Rx7V—Y—] Zr—7 (KilGr.)

isie =y
K4 i Bk S NNHF
i Bz AbiEE R iz H19.10~
KFBels HwEH AR
A Pz GRS | A= H22.4~
irgEE E



BT FI)TARY cF )T 4RI T A DRI L OETF Py b L—F—0#R(E
Bl

@ [EFTF /T 4 AT SR 70— (i Gr.)

Wrges g
K4 GiE Bk SN
PR B S AR A T 220 % H21.10~
WFZETE B

© T T4 AT HEE ORGSR MG BT IRIEOMRP & K m LB AT o B 5

@ (& Ry b T3 AP S RS Y7 7 v —7 G Gr. )
WHESINE R FIAT  ME RO e o 7 — B3

WIFREE : » A AT 7 b— MBRINTIC X VB L s — @ - 484 3 ko)
T A RGBT B3 FHEIE OFFAT & il



§3 MEEBAEROERR

3.1 &I /87—BILOEAST/TAAZER T o ADOMENT (5€)1] Gr.+ [ %7 Gr.)

(DBFZE SR N AR B OVl

F I T AAINERF AT O/ 7 757 o REIRDBSEFINIX, by 7 XD T av A ThHBIKIEE
HYERL B — Ay T U T HATER N LT v 7 e A ChH AT 7 — N Th D,
HPERL B — AL, TIRRICEENDAT L% ZHOET ARINEDT N—F v Bl 1-77
77 ANEMRIE T LI ER R TR AL L TN T BRI T 280 THY, 7T X~ BH
SN E RIBIARI T 228N TED, ZOZLIZINE A= 7Y — LN Al REL 72D, £
= NAFT T —MEIL, 27 1E DNA OBRIERICHESWTESNAZ LB+
— X —TH—ThorZ e, AR FIXA DA LREEZFF>Z e 2R LA "V E a2 T /YA
RDY)—127 T —h U CRIHT 25T TH5,

AWFFETIINAAIRTVE =T a BN EFFOEKRIRZ L RV ETHDH T 2V F U RUATI T
Dps (ZNESNLRILEaT 2oy F L 7~ A7 U CRI AL BB E TR 2 — ATy T
TNCR BB R B e =y F U T T 9528 T, R HER & Ry s (T 2T A7) ¥ —4
AR T B BRI EZ 55, A X (EEEJES) RHBOHIES flgE Th b,

VA ERWT, T/ T AER T v RO EIT o1, B L7 m e A0 E A M 11T

N
Substrate

B R 52 RS
HSSAL  NFHR DPODDD
$iggey (T
REMCERE SYaAVvBETYFIY
(NFg+ k%S CHILRE) (EFRPHEHFE—L)

1774 A7 ER T mE 2

F9°. O Eic Vs EIREHERE L . Pk 2 — A8 L (NBO) T4 W TR 2Rk
LT ZOEEDLIa L FHEDEEZN, T VT4 AT DIEE LD, IRIZ, @7 =V F IR
EAE L aA—h 52T )T URLEAER T, 20L& RifITE KM THLIULERNH LD
a TV ar B bEE VS, BREHTEY, BRI L G iEk 72— 2Rk (NBO)
WZEOERL 72 LIEDIED 7 =V TF U N D L 2R SEEL E CEAZ LD o7z, ZHUE, NBO fig
(LR X F M S L2 TV TR RISFEAEL (M 2) | BRI EW (X3) 282k EB 26
%, I 5 NBO BR{LIES M 1B K MED TR Y (OH FE23Z ) Z X KBk MERR BB W S 3
FESTEY, 72V F U ER EEHBICYA 7L —2a LD Z ENMN B R E T
HIENTEDL-OTHDHEEZLIVD, Tz, B—XENNATHDH-O ., HENAITHFEL-7 =
VT LR FE O BNZIHO I MBI 2B BLFNIZEE ThHHI LD 75027 (Appl. Phys.
Express 4, 015202 (2011)),



FABR{LSIO,

/ \q: E?E_L\SiOZ

ESR intensity [a.u.]

NS GGy GER

342 345 346

43 344
Magnetic field [mT]

X2 B\ER(L L ek B — AER LD ESR R E s 5

Gf‘rﬁéo SiNBO  Si-TO

' ki '

6=158 0 : EFH

[
=3

A
k=

&
3

Zeta potential [mV]

%
3

CH,COONH, buffer (20mM, pH.7)
-100

X3 BuiRALES NBO MAULEDOBLIKME (Gfitfh) B L O —Z8E(L

2D crystalline domain
with 100-200nm size

4 PEG =—hEt L, BRLERNCBKIEY =) F 28 BRAKIC LD 2 RoThLS

WRIEMKR I N —TI12X0, 2 Ik db D= D7 =VF o OMiF 21T -7- (Appl. Phys.
Express, 5, 065201 (2012)), 2 Rokiifbiciz7 =V F o R EOUr RS | . £7- KRR BN
FENPMETHY, SHIV Ay FERERA~DO 7 =) F o OE E L nm B E OB EN A HA TS
CEMMATHH L EBRINTALINI LTz, ZOSMET -7 SFEEITHK LT FR



ERINMUTZ 7 2V F U R BAR AR LT, 2O E T =V F B BARIE, FHEOKEER T CIXAE
WZEFFOTIVBNES T, BREL T AT RAEMED D, ZIUCKD KR P CTIET7 =V F 8
FARES LI L ORI IR D, — | IRIR ORI L DMK O T HBENCED, 7=V F
258 BRI T FAR M C 2 IROTHIIZPACIA D B, sR BRI BB DT Bivd, ORGSR, Kifi
DHKMERTFROMEZLD 7 2V F B BRI A EE Wb A i 5, ZORFZHD
UDFM EIZRV=F L7V a— L OEEEERL T, 7=VF A LOEE N nm 2
JERESIL, &7 ) F U UL E IS BN L C2R et AMERICE D, ZOHG AR AL T
FEIE VAR IR . WEBR T L B =D DRI D7 =V F B FAKE PEG a—hESNz iz VLT, A
B a—NET 2 WRotfE S OERUC R B L7z (1X14) , D 2 IRTTAER DR AL AR ITBBLZ
200nm Tho77, ZOFERNSRIF L LT a— )L DONE — e FE T HZETRED 2 Roths
fah A REIC /R D EE 2 B,

— 07, BV —V—CENT B ) oy F U S~ R B ED T . T = VT ORI A
B&EAT-72(M5) , 2T, 7=V F L OISR RY =F Lo 7 a— L AL FHNERT L, 7 =)
F DRI = F L o 7Y a— )V Jg O SLARRE I J o7 [#] R BE O fil 48 2 1) FH L 72 (Langmuir,
29, 12737, (2013)), ZMD Fi£1E 500-10000Da F2EE D4y 7 EZFF ORI =F L 7 V=a—/L (PEG)
& ARSI T 2V F AR E O T K IEFE A S 5L 0T, PEGylation EFEIEILD
FIEOIATHD, PEG 5511 24 BEKTHH7=VF L DOFY T 2=y 2-3 HFEESNT
WHZEWNE BHTICEVER ST, PEG 3 T IHMbFAIC R E CHAEERNEL 278 1T
HIEECTHD, ZOZLIZLDT7 2 VF A LIFNARHEBR 2N RIC LY PEG BOREAITST THM |-
TEORIRBHIEHCELL O LTSN, —FHH 21X QCM 728D FEERND PEG 77 f- 1V
FEAR 72 ENT IR TR W S B B SNHZEB R LTs, ZAUZEY PEGylated 7 =V F 13 5E:4K
NTUH ALESNDZEN T HEIL, PEG BIZIVrBES I 2 IRTehE s MERLCE D Ll LT,
FRR, R MR EIREERR T = A O PEGylated 7 =UF 2% VT, SV Fib EIZE
BIL7-E2A, 7oV F BBERERIES - TEAL 772D 2 IRITCIEENEB X7 ([K6), =D
PEG J8IZ LA MEBERIEN LT N AED PEG Jg DR A IV/NSWEFZATHE T, Debye 723 PEG J& X
DRWEEIIEFERIE N T7 =V F U BIEEEN R D ZEG ML T2, SOITITERUT ORFFERE oD
HEIBTIRIZ LD 2 ot bR ICBLE 2T 52 LG ATRE Th DT LRSI,

Polyethylene glycol (PEG)

o [e]

Eﬁn ~0—C—CH; CH,— C{ O—CH;~ CHz)- 0—CHs
I I n
N\
o

12 nm

=5 PEG fEfi7 )T ()



OmM
' ammonium acetate

—A—  PEG2000-Fers{Fe)all ferritins
—e—  PEG5000-Ferd(Fe)all ferritins

Adsorbed ferritin number /um*

200 4§ ~0- PEG5000 do-ferrit
0

] 10 20 30 40 50
lonic strength of ammonium acetate buffer (mM)

[X|6 0.05 mg/mL 471 & 2000 ® PEG CTHthkL7=7 =V F L & ~7c 7 2 UF 4 bl &
@ SEM 1%, PEGylated 7 =V F AXZFNZ UMK H 3mM BERE T > E=7 A, 5 mM FElZ
TUoE=TA 10 mM FHET = A, 40 mM BFEET B =D ACH O DS ELTZE
DZAF A L7Z, PEG2000 45+ Ci% 10mM LA =D EE T Debye 728 PEG JE L0252
EM D,

WIZ, 7V F L DE N\ EEH G H R ET D HIEERGI U, BREICITBSR T =— V2 W,
LJHIJ@%%?ﬁ*-/VCO)*ﬁﬂ% 5. AR ERETDHICIE 450°CLL EMLETHY, — 5T
700°CLL_ETIEEka T DA I TLEIZED 373> TS (Thin Solid Films 393, 12 (2001)) ,
DT T =— VIREIX 500°CE LT,

WIZ . NF, LB Z LA BR VIR 21T 72, K712, NF LB o A% 7Rk d, OB DR %
BEZ2HZET, R8DINNEALIE T 7 &N, IEINIEREIND T /T 4 A7 DEL
DHIEICED, KT, FEBRHERILI-T /T A A7 ERO NF3 BRI R E R 3, /74
A7 EA %ﬁﬁ%ﬂf%é LNFEFESIUZ (J. Appl. Phys. 101, 124301 (2007)),

KEFT7=—IL

EREOERY
NFJ]Z 7K$7 CHhIL (NH4)ZSIF6 (NH4)2S|F675‘}§%

- e '

X7 NF3 D7 atvR7a—

A A

X8 NF, WLHELRFE RN L DT /T 4 A7 E ARSI OAR K]




o

& 15018
__14F_ NF,MEAL(NBE) 1508 ]
\E 13}
8 12f
£ 1y Sl
~ 10 1
[2]
T ’\ i
< RERILIR
S gt nm-EEEE *
2nm- B RMIEE
7 1 1 1

0 20 40 60 80 100
NF, treatment time (min)

X|9 NF3 ALBERFEINC LD T ¢ A7 B

R, IVEED/ NN )T 4 AZVERIG1ES LT, AME 9nm TEAL 4.5nm OfF{bEka 7%
WELTDYUATYT Dps EMHEINDERZRIRZ 38 (K 10) 3 A4 T 7L —hE L THWS ik
PRI LT, FOE R4 X 11 12777 (Nanotechnology 23, 065302 (2012)) .

ITYFY IJRF1)7- DPS
(Li-DPS)

<+“—>
9nm

12nm

10 "AF T 71— OFEAE

2zUF> YART7 - DPS

NF, JLERZ ([ ZHR B VR 7B — AL T ar =y F o 7 e THZ ETERIEN 7= ) T 1 A
7 OWri %A TEM 33X O TEM-EELS Z W Tt L7k a4 12 1277 (J. Appl. Phys. 101,
124301 (2007)) , TEM-EELS 2 Cl3& tENODEFE A TRIAL TBY GR=Vay | =R
F# k=85 . THUER (LIS R LIED BN 2 @B FAEL TODIEN D, £2, FD
FIZIESNFELEL, 72V F o DOk T Ny F o 7~ A7 U THEREL 7228005,

- 10 -



[

Oxid
'l* S

- _Si anodisE
'3 ld&

—Oxide layer]
P |

10nm

——1
Cross-sectional Elemental mapping  Interpretation of the
TEM image By TEM-EELS TEM-EELS image

(electron energy loss spectroscopy)

12 F /T4 A7 OWrH TEM {4

ZOIDNCUTERLIZEEE Si T/ T A7 SNE, 7= F o2 WSS I3EBE 7X
10" em 2 CTHEAIXS 2% £8.3% (Nanotechnology 22, 105301 (2011)) . VAT YT Dps ZfAW-i54E
WIEEE T 1.4 X 10%em 2 TIiEH-2% 10.1% (Nanotechnology 23, 065302 (2012)) THY ., T E
B CH AR — VRN T T /T A AT B S BT Tz,

FREDOIDTHENI LT Si T/ T A A7 BB OVERI A% | oM BHZ G BB LT, M EZE L
TR DR R OFREIL, FMEIRAE CRKME, Bk, B—X BN/l NI D7=0 vV a CThgil
L& 7 2V F U BLE S 2 FANAZ LN TERNZETH D,

Ge BRLIEIZ 1 75 4 OB L) (GeOx) NORER S TWBA, [FIL 4 fED Si LT HEA0,
BETEMEDMEL , WY EN D, T D728, Ge RIEIZT =V TF L BA LIZHA Si OLH7R2k Tl
BEEREBTHIENREETH T, 2T, Ge R Si MK (3nm) ZHEREL , €72 Si BBLIE%
NBO (2L TR T HZET, Ge RiAR#EL, SOIZEBE 2R L7 =V F VAL E % KELT D
AT o7, SiEIROHERE Ge HEFEEL IRl —F v/ S—PNTITV, Si-Ge S H SRR LI A
DM ZFA I T, X 13 12 XPS HE#S B2,

g T T

Z| @ /ﬂ\Si 2

§ J\—MVMWVTJA//‘ I L\-\«\,_M
110 105 100 95

Binding energy (eV)

®) ' /\Ge 3d
S
I .

1 1
35 30 25

Intensity (arb. u.)

&S5
o

Binding energy (eV)

13 SiF¥>7 Ge D XPS ANV

KRS SiITFEmIZ BRBLIENTEEL WA N, BEZE—H 7 et A%m L7128 7T,
Si-Ge FANIITERLIENTE RSN TN L0305, £72 ARM TR R A FEEL T& T
WA EEMERRL TS,

IHLTELNT St Fvy Y Ge Yo7 VEHNWT, 7=UFUELEE NBE #{To7-, =vF 7
FDEE L EAT ST /R K1AUTRTIDINCEEED Ge 7 /7 A AZERUCEKR I LTZ, ZD&
SOFPET Si L ELRIBRO m#EE (710" em™®) 727 =V F BB B O # EE (510" em ®) 72
T T A AT BN DO VERUZ B LT,



Afteretch 2y
~5.0' X lollcm'—x WL 100nm

=il b =h il b ab; o)

DkV 0.4mm x200k SE 200nm

ST 10 SLNBO & FIUATE Go by Fratd 7 ) F o BB E O 7 5 f 2 2

Fi2, GaAs T/ TAART DVERUZ DWW TH & T o7, £5, 7=V F U281 572D O K
FRALIED S LT, BARMRILIRE NBO B {LIRZMET LT, ZOfEH., ¥ 15 1R 33012, B
FRAVRR D 7 73 8 FE DBLE S A BE T o7, £o LAY EERTH D GaAs ([ZHOWTE, D
FR LI Ga BRbE As FRALIDMFAET 203, 12l 325912, HIRBRLIT Ga B b3/ 7z
<, —J7. NBORRLIFETIE Ga BAALM NN ZED D30T, Gaf b ny i I Sk iR &
OB —ZENIZEHL CT7 2V F URLE IO TNDZEE R LTS,

native/GaAs NBO/GaAs

5015 Gahs I IRBRILIEI.L X NBO B b ot ml F o ¥

WIZ. GaAs FDO T2 VF U BB OX L NNIERETEEBF L, BBE T IV
(O—Radlcal)\ e Mk 72— A IR SH(O-NB), BEZ2 KRR % T =— /L (LT-OAV) O 3FEfE%
REUTZ, EORER, WT O FIETHOE L SV EDOBREITHRII LI Fo_TEREIL - T
FAREEITART D GaAs BRI ORI B2 > TCNBZ LNy ol X T EREROE
D Ga & As % XPS THOMTLTZRE R4, K 16 (2R T, ZAUCLbE, BEFIRIRRR SR T =— /L3
&b Ga BB LN As BRAE N D I nNZ ey 537 oT,

100
9
8
70
60
50
40
30}
20|
10F

0

O-radical LT- OAV

o O

Atomic %

16 HFEST RIS DZ L 7 E R PR D AR R 1H D XPS 4347 55

- 12 -



WA, KRBTV ANEE TR DR EEIT -T2, ZOLE As BRALMITE TR EATRETZ N
Ga BT RITIIRETERWIEN -2 (K 17 12) , ZD7=8 KFETTH VLRI O
BB T, Ga B b DFIE DD I T e AN g ChHEB 2 biLd, X 18(FH) 1%, 7T &
BERTORmAAFL L THRERLIEE NBO B LA o7&, BRI RIREER T =—/WZLD
H R RE%DOFREE XPS TONTLTRE R THD, HIRELIED 5 M3, Ga B LMD ipnZ &
oD,

Gasd As3d
100 . . . 100 100
—=— Ga-oxide ratio Il Ge-oxide
= 80} —@— As-oxide ratio ] 80 180
)
s S
2 S60f {60
[¢) 2
9 2
< S 40t 140
5 £
\ o
8 20 1 F 120
Bl GaAs
0 Il As-oxide 0
native native
H-radical time (min) oxide 2O oxide O

17 KFEZV NV L DA IEER 2 (42) &\
IKFET VA NVALERT O FK E O ()

BAEHNTAEONT GaAs T/ T4 A7 DFEREZMINTIRT, MrbbinndoIc, HIRER L Z
MNHZET, IS LTIV ARNIE =12 ) T A AT T VA GG HIENTET,

Native oxide

Density: 1.1 X 10''cm™

X 18 GaAs /T 4 A7

HIZ, 2R T T 7 2 v —h DT )T 4 AT OW T e 2 T o7, 777 = Bz V=
UEIEAHEREL . NBO ICko T Vav g biEe Lz Bic 7=V F o a2RlEL ., =y F L 7 E24TH28
T TT7 2 DF )T 4 A%~ (X 19),

LG

19 7797xvF /7427 SEME
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ZDINT, AT vy = MM PS4 T T —MBIRIN T2 Ty Fv~=0 A,
{EEWNEEAR, 757 2 k2 IR EHZ BT DY 7 10nm 7/ PR E O ERU R Zh L, 916D T
[FICAEE CRA Ny M BRI LT 2B A8E i, X 20 (KM EtO & /7427
BEEICBITDT AAVESIZEID N R Yy 7 = 3K — O il LD -5 a4, FH5%E
BEITEREFIE LD —ODRMFA 2T A2 N B0 IR R LT A4 T T —h
RN VX2 D — D% @ FEEICHIEC& | 2O/ RAERD B O E TRy MR TNVRE
Yo 7 ORIESCR Y ME OB B O A 2 HIEI L9 < ANURREHRFHITZW L TRER AT Y
MNR®HHZLE R T IENTET,

N
n

N

AREvyT (ev)
-

0.5
0 5 10 15

*'.%’ FARYEE (nm)

20 BAET T 4 AT HEIEITIIT D BRI K 58 R Tl

3. 2 BT I)TAARITLAEEOYIETEHAM (38)1] Gr., #F 1L Gr., i Gr., Y~ Gr.)

(DAFFE SN PR B OVBR R

FT, SIONUTEHFFD Si T /T AR T VARG BT DHIEF vV T OB @S A7 A%
E RIS 6 653 T Z RO B BN LT, FECRR RN &2 DIREEARAF RO T LD 20 B =
FRREELL T OIEF IR W ER A EF O RV RICED . Si F /T A A7 BT E
T OZEMBENBEL TNDLIEAZHLMNICLZ (¥ 21),

T4 AIEFrUT (BT )EE
2D array T =20~50ps

T3=0.7~3.0ns

‘BHE"EF-EAXOBRES
21 FITUAY 2T VAR DEE N VBT E)
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Tbb HERBIRIEBELLDEBE Si T/ T AR T L AREBICBW T, SRR
BRI OFEE D ET CWBREMEZ R LT, £, SIO, N \UTZRFD Si /T A AZIZH L THE
D KGR AMERE AT REZR SIC AU T T8 D2 B AT~ (4 22) , SiC A7 TEVER S D B i
{LZATHIZ LTI+ IROFE AT VBB S AL, RAF7ofs 2 FED SiC U T @B S
NTCNDIERDIST, EBHIT, FAEFNFFEOFEMZE R O MEAT LY, SiC FREEm &Iz
— T LRE AL = RN X — R T BT AR R T HR SIS LR E IR IR E L
WV FICED 10 BB EOIEFITHOWREEE TT A AV a8 T 5% vV T OfFE%
Gz, ZNBDORERIX, T /T AR T U AREEICBIT DI= U R E R RV FIZ &
DIV 7 O i A Bl 2~ L CERY, 20 SiC EEEfEZ W -3WoT Si &7 /7«
AT UAREED, @PERED &1 Ry MR B A~OIS BN TWD IR bhoTz,

thermal escape

barrier
= ’ Em'l¢ o =
E level emissive level 3

SiC

Log-PL intensity (arb.units)
T T T

PL intensity (arb. units)

! [ 0 100 200 300
450 500 550 600 650 700 R

Wavelength (nm)

22 Si T )T A AT DFIEEIFITDONT

GaAs &1 FH T (QWHEIED A A7 7L — MBI TIZZVERL 7= GaAs /7 4 AZ(ND)
27 MEE O RAKFEE A TR = X% (H-MBE)Z iV 2 GaAs/AlGaAs MDA Bl &
(ot Xy VR E)FELZHNLL, by 7 Ao 7ab A CERILT- GaAs /T A AZAEED D
DENZHD TERILT-, 3BEHT, 4nm JED GaAs F /T 4 A7 %4 T GaAs/AlGaAs F /57—
1 (EAS 15 nm, & 50 nm, BJE 4 X 10cm ™) T, myF /<27 THWZREIER IO ka7
Z Ty MUBECER ELT-%  MBE F o N— T A LTz, 7RO FE(E S 1 X 10-7Torr) & HR 5
L RHalBt ORI 7V — =2 7 %AT o1 % FERZFEHALZR A5 20 nm— GaAs/60 nm-AlGaAs ¥
Yo7 AR Lz, FERRE %R O & F MBS (AFM) TR L7 fE R, #7732 AI%
1.6 nm EELEGHYERZ2REAFOILTIY, R IRKFE AT Loz m AL e b NS FEAR A
HRD N FAZ L > TH /e T —HEO M A O 5T T vy 7 RO E NI T T 5L 00T,
BHRELEREIO 7 3 I 2y APL)JIE TIE, GaAs 7SIV ZIZHETHE—212A T, 4
nm 2D GaAs QW & AlGaAs 7S/L7 DI R D IZ 7 v — RV ey — 7 3G bidz, £z,
QW JE DR B L OVSA AT 7 L —MINLEFIZE ST, ND OFEE% 2~8 nm (B 15 nm)iZ
ZALSE-bDL | EAEZ 10 BELON 15 nm(ESE 4 nm)IZZbS/T-6H0 2 DD F )L—F D /EllL
R EAIT o770 ND mE, BEFNENDO Y ARIMEFZEL TND DI R —N TR,
TIHDFIN T LT —NEES RS 72 ND B EEM B OF v 7B = L X — LT —
HL= (X 23), ZNHDFERENS F A= TV —D (4T 7L —MI L7k At H-MBE %
HWEFHREZA S DETEL, iR ) T AAZREEERICIEF A2 THY, ND D
TRV —YUEN A ND D ERL S S ST D/RT A= LTIV T 00 E Ol T2 1L
SEOLNDIEDNRINTZ, SHIZ, ND IEEREEHEIEIZI W T, T/ T A A7 DOFEBER AlGaAs H
MR L O EHEIEIC > TH /T A AV RO E - A IR e 2 2 b S H, ZOROLRE:
T )T A AT R REEIZ BT A E IREER O NI Y U T DX A F 7 A OWTRRET LT,

B Ry MEEOMERTFIELL CH CERIEICE DRI LT v 7 7 e AN BE AL VST
DM, ENELEL T, AT TV —MNLIZED N I X7 T o A L7 L5 7 o@D



HEPE C R Ry MEIEDIERZ ATRBIZ T AR WA T U o LVE R L CODZENARE RN DRE
iz, Flo, By MBS FAREEOERIC W Th A AT 7L — MBI TIZA 2 THY, £
DRk A2 A S PR BRSO 7 By SRS R E R DT A 2~D
BADS RN T& D,

| TE19K
lyer | ), =582 nm (2.33 eV)
Pexe.=20 mW

PL intensity [arb.units]

I ]
| | 8nmiQwW
i

Nw G o
disk . %dlsks

Wavelength [nm]

23 MBE THERULIZE I EE A4 T 7 L — MR T M LUz &7/
TARTREEIN DT A I F B A

— ) G4 B LBREMOVPE)Z VT GaAs £ 8 & (MQW)REED A AT 7L
—MBERIM TICEVERIL GaAs B+ /T4 A7 2 &G /87— #1E% MOVPE T
GaAs/AlGaAs I IAZ AR (FFoE XX Vv VR TFIEEENL LT, X 24 19880, FE
HOET—RIEICRMGENEL TN D3 bs,

00kV x1000k ZC

24 HHARXEREMOVPE)ZHWT GaAs ZE & - H P MQWIEED A4 T 7L —
MBI TACZVERIL 72 GaAs B+ /T4 20 %E& T /v T7—HEid

ZOWE hy T T a b ZATHERLLT GaAs BT ) T A ATREIEDS DX D TRRIE O
T F MR B R T C A CTRUAIL 7= (1X] 25) ,
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PLRR% FJL : BBIEDEE

1.65 |

1.0+
z 8nm 4nm 1.64
c 0.8r S p— =163 ~Non-linear
g G 2162 Y hamiltonian
~ >
> 35 meV 29 meV ,2-” 1.61 Bulk
® 04+ = parameter
g e PL resul
€03l -o-PL result
“ 1:59

0.0 - . 1.58

15 1.6 1.7 18 8 9 1011 12 13 14 15
Photon energy (eV) dimater [nm]

YA XPLENFEAELNF/TARID Y

= GaAs NDDFEHLARIFILH LR
25 fERIL 7= GaAs BT /T4 A &E T 26 RURE Yy T2l —i gl e
F T —REED DO BERRE PLI E ESEHIE

5T, EHAE 15nm, JEE 8nm D GaAs BT /T AATZDEFHENEZ . R IN =T %
AWz 3 e A REREEZ W 2 —T 4 H— O E H R A fif x| Bt X—%i
b RS -7 (4 26) , ORGSR, ND FLEEM HOF v ) 7 BB = 2L X —LIEE— 8L,

FAHEE R THDLIT NARERAMELOLE W 18R GaAs/AlGaAs &1 FHFITRL T, /A
F T T —heERI B — Ay F U NI DT T AR T U AEE DVERL AT ST, 4y R
TEAX T —OWIA SR KR EICLD Sy _R—=Ta R otfo\ 1 J@H=vomm
KBREEMN 0.5~1x10" cm™2 T, 20 55 15 nm DELZF SR K 10 BOEEE GaAs 7 /T4 AT
TVAREERAER LT, ZOTFT )T A AT T UARREIZB W T, L— T —RIRFEE BB LT, 7
VT UGy TNk~ PEG 23 FEHOE ALY, KT /T 4 A7 W% 40 nm F&EE (4
LTW5b, ZLUTIERILTZ GaAs /T A A7 T L ATKIL CE b REM 3 iR F 6 00 a2 ATV, T/
FAATVERLET O GaAs B 1-FH P L[FFEE THD 300 ps DR EHZ B2 T4 iV FE A~

MVZELRILTZ (K 27), ZOZ 8%, 1ERILTZ GaAs T /T 4 A7 DN R G TR M0 IR 5 118
NTCNBZEERL TNV, F12, FIEART LD E TR F— T ML F DT A7 JERE K
7L, BT PACIAD N FAIC L DR RS & — 85, FEM7R bk Yo B R A7 o I E S R L0
JEEL A U T EE OB NN KD T ) T A A7 IR BEIC B W TR U T DA — ¥ o HELIBFE A E T,
ZOFER 10 ps FEEDOIEFNH NI THEN AL THDIEN DI o7, ZORERID, BEE
DX VT HEANZITHIL —PF—HIRORRIC, lH O B CAMBE & TRy b IH7% R ouiHnE s
FFI=70 AR )T A AZIZB N T, & %fiﬁzm WA MR CX OB EEHDOX YU T IEANFEETH
BHZENb-o7- (K 28),

EBIT, T I TARITT L ADL—W — I LU COREZ AN 57280 . Fll it 242 H L= 7]
BANTAT BIEEZHNT, GaAs T /T A AT ADET—RFIGERIE LT, AIEAN AT L
[ZBW T, BB B 2 B O BIE H AR e AT MV D AT A T EARIFE R R E 95, 2D
HEIE B RO TR 1X, ANTA T RO U CIERIE 2R INZ R LT, ER72 S it AR
Hrd&v. GaAs %/74%&@%%;’52~71w _xTFSLt%~T\$IJ PR RERR S T, S KB
VERLFT O 87 HF TORIEME 0.020 o m  IZRL T, SIRITTEFHACAD BRI LD IRER f“@
BESA LA R LT 0.028 pm't EEEANL TV (X 29) , ZOFE BRI, AT T L —hE ik
FE =Ly F U TNZIVERILTZ GaAs T /T A A7 DL —H —E LU COARE 7252~ L
TV, T72bb, R EZ/ER T HZ LI, L— —F LU UL e THDHIEER
L7z, it BHEWE—RRENEONDANTA T FIL 150~200 pm FEETHY, HIRIHEE
DOEFHIB T D IIRG R 2 E &R RE 21552 LN T,

Fi=, GaAs FITAARTTUAZBNTIE, ZO3WITLELACIADIZEDF YU 7 O EE) & HkE



D, WO H T TIIEE ps BL N OO REEE A FE O 1 A AR A B AN B 40
Hl&DHZ L7 (ERETOH:F: 400 ps 235, 7 /T 4 A7 Tl 1.4 ns & 3 {52 EIZHER),
FELWRERFEEDRIENS, T/ T AAZIZB WL, Bps i) E42b b & HUIAD L) E
W ZEZOBER b U7 IEFLYERL R O BVRhEL (Z LV b L - A AR FI NS AT TS ZED oD -T2,

aAs nanodisk

Log—PL intensity (counts)

0.0 0.2 04 0.6 0.8 1.0
Time (ns)
ND sample: 100 ps, 330 ps
4 nm QW: 220 ps

27 VEBILT= GaAs T /T A AT T L AITEBIT DY I Rb R 45 fif 36 645

! [;Auger \
i
i : -.2.5 s }
SHr ¢ oo lat
= ® | £ Scattering
i T s
- 1 1 =
gl A 110 F
£l A I T
z ! | : A \ 10.5 &
= e |
1 1 0.0
] ! 75 EHDBERA . "
137 e 2
=\ --J: > EE%%/\G)H§E Excitation power (W/em’) _? -
0.0 0.2 0.4 0.6 \_ E:!:\TU?%EB%_/

Time (ns)

28 GaAs 7 /T AAZIIBITDHF VT HEAFTIVA

GaAs ND (3 layer) GaAs QW (3 layer)
250 250
0.010
T 200 200
i _i 0.020
£ 150 £ 150
H z " Rl = 5
& 100 2 100 (ETI ‘:‘;. N
Z 50 Z sofill I I ﬂ‘bs
] LA WA | il
L J 0]
! () i i |
07158 160 162 164 166 144 146 148 150 1.52
Photon energy [eV] Photon energy [eV]
Zmax = 0.028 pm! @170 pm Zmax = 0.020 pm ' @160 pm

TIyvF>IrRDQWEDE, EUVEZEFIEEZND TELR

29 FUBMEEBR DO HINE B SR H AT VD AN A T Bk A7
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3. 3 BEFyMKEEMIELFHMN (3811 Gr.)
(DAFFEFERENA e OFR

A )Ty AT E T KB R A R R LT,

£\ BT AR E AR A RE Uiz, p B Uas Bl BicsVar S 70
2ZIBBN (R 7 AR EREL T SIC 24 H) ZAFRIL, 51T n B Ua LG BEER (1TO) &2
HEREL C, ST VIR, R CHEMAERLT-, £, DD F /727 oRb
N~ NI AD SIC DI EHREL T TNl F /T AT @B LI 7 v a gL (K
30),

Si-ND Solar Cells

2D array of Si-NDs with SiC

SEM image

Ag electrode
EEE N

ITO (80nm)

Ref.
% pn junction with SiC

Ref.
pn junction solar cell

- - -

30 HiESiF /T 4 A7 KB E DD DY 7 Ok

SiC (2nm)
n-type Si (30nm)

SiC (2nm)

. . Al electrode
Si-ND thickness

2o0r4nm

ZDOFERZEIK 31T, SICEIETERF OV 7Lk L SiC JgIoMZ T /7 4 A7 & FfD
P T N DFFHEDIZOI R ORI AR RO, 2, BRIV AR L2 UV T BRI /7
A AT JEEMGE L TNWDZEE R, T I T AARINZEAI=Z N RONEDT-HEE 2 b, fiRe
LT, BHghR 12.6%03507-, 2L, S Var By A0 KBEEmE L iR &S
ThbH, (FIETOREE L. 10.6%T&H>7-(E-C Cho et al., Nanotechnology 19, 245201 (2008)) ).
F7- N EFIRERE LA, TA— T MR-, 2T, S VarvEFRybMitko
TARURE Yy T NREL o T2 lITEBEEZ BN,

W o & _B[l{?-shlft
S ., e ~ 2 0.8 -
é 30 + = i
g E06 -
o -- pnjunction S04 . .
o ) " (o4 ] - pnjunctlon \
10 - ;”m :!CNDIZ sie™ T, - 20m SiC \
5 " 2NM SI-NLYZRM SIS 98 Iohe - 2nm Si-ND/2nm SiC
o 0 - 4nm Si-ND/2nm SiC &5 7 — 4nm Si-ND/2nm SiC
T T T t 0 y : : : — .
0 01 02 03 04 05 06 07 200 400 600 800 1000 1200
Voltage (V) Wavelength (nm)
31 HUE S/ 7 4 A7 KEGEMO -V Rtk &AMl 7-2ha

KBS ERAEE DK ORI JEX dnm DF ) F A AT DN BT ~DEF 513 1.2mA/cm? &
RELOND, ZHUTEIRD 3.3%ZT X0, /T AV EEFEE T 5281280, IO K&

G iAo,
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ITO (80nm)

4-nm-thick n-type Si (30nm) 2-nm-thick 2-nm-thick
Si-ND Si-ND SiC film

2 - N
g 08 08 0.8 -
s
g 06 = 30nm n-type Si 06 - = 30nm n-type Si 06 - = 30nm n-type Si
5 = 2nm SiC / 4nm Si-ND / 2nm SiC = 2nm SiC/2nm Si-ND / 2nm SiC —— 2nm SiC
é 04 ~— p-type Si substrate 04 ~ p-type Si substrate 04 | ~ p-type Si substrate
=4
=
o
0 0 0
400 500 600 700 800 900 1000 400 500 600 700 800 900 1000 400 500 600 700 800 900 1000
Wavelength (nm) Wavelength (nm) Wavelength (nm)

[ 32 ACBY A 551 2 4 R 0 e LR

FI T RIZFEBE T )T AR T LA % AW KRG EMOB T Z1To72, 1L, ZD720H1Z
F&JE T ) T AR T L ADIERL T v ADMiEta1T-72, K 33 1[Z2 D7 av R ERkd, ZZTIRUA
FUT Dps &/’ AF T FL—heLTlioTz, Si (?&ﬁbu%&?ﬁ% 1460°C) & SiC (RF &/ & 27)
TR BICRER Uz HE L., T0 _EICYRTUT Dps D&% FE 2 IRTRCAIZERLLU 7=, ks
FE—LATHEMESREZTyT 7L, %2 SIC THDIAA TN LT, £ TEM 4% X 32
RS, Si T /T ARV Y T 5B 20N e, ZNEFRTe TN 77 A BBLEESh
7

Lis-Dps

Listeria Dps

Si
4.50m
sic
Tom Ferritin

Fe core

[ectoncotmezcieseats el sinp
->

o Bio-template Post O, anneallng process 3D QD
Thin Film arrangement

Si: resistive evaporation @1460 deg.

SiC: RF sputtering
Back press.< 3.0% 107 Pa

r Si Nanodisk
Diameter : 6.4 nm
Thickness : 4 nm
Center-Center : 8.7 nm
Gap : (single) > 40nm

(2D, 3D array) 2.3 nm

Substrate: 5 2

33 MRS /T4 AVER T ot R L ERE R

WA, FEJE SiT /T A AT DREFT IR DOI= N KON RATIA~DT2D  FEE Si T/ T A A7 &R
KbpeELE Si/SiC A& AR D Rz E L7z (X 34), X 35 IZIXE DR T T -V
FetEZoRd, T /T 4 AV ORI R, @S T 2R O RGBS ik L, 2k e E i - B
OGRS - FF  EHRN R EGEN TWNDZEN Do 7=, £, WHIHEHT (Rsh) LEAHEHT (Rs)
T FE OB E R A AR E U R A R LT 2 A, T/ T 4 A7 % W KB L, 8B 1% Ff
DOKBFEMELEL ., Rs 13/NEL Rsh IXREWZ LN 3D o7z, 2, fE Si /T 4 A7 Dt )T
FIR= N RO D ISR NGB L2202 8B 255, BT, 2B K G E O /5
BV hRERIE L= (K 36), l)E Si T /T A AZI2X0 SBINO WISz,
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Ag
.
B 4nm si
3 2nm SiC

X 34 &)@ Si F /T 4 A7 & W= K o

w
1
=

T T T T

— —— p-i-n with i-QDSL N i-ODSL i-OW
‘E 30l ——P-i-n with i-QW (Si/SIC) | Q Q
5 ., (MA/cm?) 2924 2527
< 2 v, (V) 051 049
= 20| FF 0.74 0.69
B 5 R, (@) 0.57 1.06
S ol R, (KQ) 438 0.38
5] ol n 1.30 1.31
5 % 11.07 8.61
3 | n (%)

0
0.0 01 02 03 04 05 06
Voltage (V)

35 FEE Si F/ T4 A7 K E O FHE

— prirn Solar cell_i-QDSL Table -1l EQE notable points of QDSL vs QW

—— p-i-n solar cell_ i-QW

i i-QDSL  i-QW
i EQE
EQE

o =
© =)
&

External Quantum Efficiency

0.6 High energy photon 0.60 0.4
380 nm
04r 1 Visible photon 1.0 0.7
700 nm
021 B
Low energy photon 0.7 0.4
. 900nm

e
o

400 600 80 1000
wavelength (nm)

36 FEJE Si T /T AT KBGO SN BBk

SIZ, 88 Si T /T A AT DOMDIAFII DN THE 21T, TO HIIE, Oy F 7%
DREDH LTV RRERRETHIE, @QV—IBHiiEHOT 28, @RIV AR T DF
Y7 OFFEEEIEIT 5L, ThD,

F&JE Si T /T A AT ERL T av A BT DAL TFEEL T, a-SiC, a-SiC:H, ALD-AI203
SFIEAMGT LT, T ORGSR, ALD-AL203 23 irb ML IA A B, RIEHFHTHHI LN 537>
7o Foy K 3T IR TINTEEMEZ AFM THIE L7 A5 R . ALD-AI203 Z VW2 7L h3
HEID/ NS, V=T EBIRD/NSNZEN D oz, FI T, KFEIED AR ST iEE AVW-FE)E Si T
T4 AT % AW TRB B ERIEL . Z ORI~ TR R A SiC/Si Bk TG, SifEs
L O pn BE2A D D K B E MR & Fei U 7= 4K 38 127”37, ALD-AI203 % V= K5
. RO EWERBEERESON ., 2, AT E TR EQE) THI R CHId TR - /T 4 A7
WX LT Ry TR EICREL T G L TWDI LA R T IENTEZ, ALD 128> T
FARKHDIALINTE X TV TRV RIMERTE- D THHEE 2 HID,
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Diamond coated Si tip Current voltage relationship of CAFM

‘ 0.20F T T
—— a-SiC/QDSL/Si
E E E E 5 —— a-SiC:H/QDSL/Si

| — ALD_AI203/QDSL/Si
H

ALD_AI203

<
e
=
o

Conductive current/ nA
o o
: 2
T T
1 |

0.00 e
0

1 2 3 4
Voltage/V
37 FifESiF /T4 A7 DY —7 &

. 35
N
= o | 10- 5 Two peakss_ 4
g QD ¥ ¥ Sl

_ 0.8 7
g/ 25
__és 20 7 Ll 0.6+ b
g —— ALD_AI203/QDSL 8
& 157 — siciapsL 7 04- — ALD/QDSL 4
o —pnSi ; —sic/aDsL
_E 10} ——pdn Si | —pn et
9 ook p-i-n Re i
_ 5 - -
8 00 1 1 1 1

ob— U [ 1N 400 600 800 1000 1200
-04 00 04 Wavelength
Voltage/V

X 38 Ffg Si /T 4 A7 W= KB ORHE

3. 4 BFRFyh-—¥—RAIELRHME (581 Gr.. #F1L Gr.)
(DAIFFE SN RS B OVBR R

WO EHFRET Ky FLEDH D WI L ——0RAMICEZ RS Hiff e LT 47
YU — bR -y FUTEMAEDEDLZ LT, HRATHD T
GaAs/AlGaAs @ 6 JEfEfgiiE OMIKIEE « BE 7T AT N =y F TV EFEBTHT LTk
L=, Zodia AT, LED fds 2 ERl L 7=,

10nm GaAs % % v 7 /12nm Al0. 15GaAs/12nm GaAs F£ /7 x4/12nm Al0. 15GaAs [& B Jig
x5/100nm A10. 25GaAs SCH/1.4um n-Al0. 35GaAs 7 7 v K/n-GaAs FeAx% . MOVPE % FHWTC
Lz, 207 = "EHWT, B 15nm, &S 100nm O/ B F7—%2{ERL7=, 51T,
A10. 3Gahs TF / 5 — % HHATe R E 1TV, O 2 100nm A10. 25GaAs SCH/1. 4um
p-A10. 35GaAs 7 7~ K/100nm p-GaAs ¥+ v 7% &E LT PIN #EA2ERI L=, &5,
X 39 d X 9 7Bk 2 ERL L 7=, Al0.256aAs SCH @ T hT v 7FEN=F v U 772 GalAs
BT 4 AT ~ERANTTAVAT LD IZ, HECED/NY TEIE AL0. 3GaAs (2725 T
Do TDTD, SCHNLERE LN TEANEF Y U 7 niiuc <, #ic, 7 /774 A
7 EEte ) ) BT —0" Y TIED AL0. 156GaAs LRV TZ DITELICRTT /T 4 A7 ~&
X U T DBRAT DEREHT LT,
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lﬁl Ti/Au

:uMHI- p-GaAs l!amnnm
459KEE p-Al0.35Ga0.65As [E&1.4um

SCH u-Al0.25Ga0.75As [EA100nm
5 O—RRE u-Al0.30Ga0.70As [E#22nm
Il = E4100m |

RAYTFRE u-Al0.15Ga0.85As [E#12nm

| BT v 120 [ |

/N FE u-Al0.15Ga0.85As [E#12nm

| 8| ucaAsEHoam

/N FE u-Al0.15Ga0.85As [E#12nm

| T8 ucaASEA1gam |

AYTFB u-Al0.15Ga0.85As [E#A12nm

| EFI8| ucaASE#10am BN |

IYFE u-Al0.15Ga0.85As [EFA12nm
SCH u-Al0.25Ga0.75As [EA100nm

#5v9EE n-Al0.35Ga0.65As [E#A1.4um
NwI7E n-GaAs [E#A230nm

Er n-GaAs
N2 -Ge-Ni

% 39 #fE L7~ GaAs/AlGaAs =+ R~ b LED 1%

ZORER, LED A EERI/ER L CEMIEA TR T L 2 L 2R CHIO TEIEL -,
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Symposium 2013 Hotel Metropolitan Sendai and Sendai Intenational Center

201342 H 19 A
) HIEREENTICL2& FRY 3R EEFERET S A2 EBR
B 1 FPEEARI = XU RRFSE S EliPNES 201343 H 18 H
Seiji Samukawa Ultimate Top—down Etching Processes for Future
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42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Nano-scale Devices  Japan—Australia Commemorative Workshop Australian
National University 201346 H 25 H

Seiji Samukawa Novel Quantum Effect Devices Fabricated Using Fusion of
Bio—template and Defect—Free Neutral Beam Etching 2013 JSAP-MRS
Joint Symposia Kyotanabe Campus, Doshisha University 2013 4 9
A 17 H

Seiji Samukawa High Efficiency Silicon QD Solar Cells Using Bio—template

Ultimate Top—down Processes IEEE Nanotechnology Materials and Device

Conference Shangri-La Hotel 2013410 A 8 H

Seiji Samukawa High Efficiency Silicon QD Solar Cells Using Bio—template

Ultimate Top—down Processes  10th International Conference on Flow Dynamics
Sendai International Center 2013 4F 11 H 26 H

Tomohiro Kubota and Seiji Samukawa On—wafer monitoring technique for

highly efficient fabrication process of nano energy devices 10th  International

Conference on Flow Dynamics Sendai International Center 2013 4 11 A 26 H

Seiji Samukawa High Efficiency Silicon QD Solar Cells Using Bio—template

Ultimate Top—down Processes  Tohoku University — IMEC Seminar  Tohoku

University 2013411 A 8 H

F_ EIEREGTMERN Y — Ay F oI DR G S TT =) S

DIGRLET 7 3A A~ B F1e5El ISR ) ar Ty aY—4rF

DWPTEE S PEFEBANMIZERT 2013 4E 11 7 11 H

FEF . PR A — DK OEBIRBE G TRHEERF T /T AR
K ARERPERL 72— A BT 20985 I o IR e R VRN

A — 2013411 A 22 H

Yoshiyuki Kikuchi, Yasuaki Sakakibara, and Seiji Samukawa Large—radius neutral

beam—enhanced chemical vapor deposition process for non—porous ultralow—k

SiOCH SPIE Advanced Lithography 2014 San Jose Convention Center
20144-2 A 25 H

Seiji Samukawa Ultimate Top—down Processes for Future Nanoscale

Devices 8th International Conference on Reactive Plasmas and 31st

Symposium on Plasma Processing Fukuoka Convention Center 2014 4 2

H3H

Tomohiro Kubota and Seiji Samukawa Feature Profile Evolution in Plasma

Processing using On—-wafer Monitoring System 8th International Conference

on Reactive Plasmas and 31st Symposium on Plasma Processing Fukuoka

Convention Center 201442 H 5 H

Seiji Samukawa Neutral Beam Technology - Defect—free Nanofabrication for

Novel Nanomaterials and Nanodevices The 3rd International Symposiumon

Next—Generation Electronics ~ Chang Gung University 201445 4 10 H

) BEEEPERL Y — Ay T UL Ay VR T T

YT REEDI LT NAZ~DRER SR ) ar Ty aY— 0 F

R 172 RINFSEAE S PEEBARATZERT 2014455 A 23 H

fi] R, ) 13— PR B — A ED T T7 =2 ORI T, ERFS

AL VAT AR R PERAIIZERT 2014 4F 5

H 27 H

Seiji Samukawa Future Nanotechnology Cultivated by

Pulse—Time—Modulated Plasma Processes 41st EPS Conference on Plasma Physics
Berlin Congress Center 201446 H 27 H

Seiji Samukawa 50High Efficiency Nano Energy Devices UsingBio—template
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57.

58.

59.

Top—Down Process The 6th IEEE International Nanoelectronics Conference
2014 Hokkaido University 20144-7 A 29 H

Seiji Samukawa Neutral Beam Technology - Defect—free Nanofabrication of
Novel Nanomaterials and Nanodevices 14th IEEE International Conference on
Nanotechnology Eaton Chelsea Hotel 201448 H 21 H

FNI NAFT 7 v— MRIRIITIZ X 5 3 RICE & OFlE & 7
INA ZDJEBR BN EEG & Ny NIET S 25
(RS RFEEVZ—EN 201449 A 8 H

Sei ji Samukawa and Takeru Okada, Defect—free Graphene Nano—structure and
its application for nano—devices using Neutral Beam etching , Plasma

Conference 2014, S1-3 (Niigata Japan, 2014/11/18).

@ ngaRE (EINE% 166 1, [ERESE 98 1)
(F)I|Gr. + U N Gr+ HEGr)

1.

Keisuke Sano, Masahiro yonemoto, Akira Wada, Kazuhiko Endo, Takashi
Matsukawa, Meishoku Masahara and Seiji Samukawa, High—Performance
three—terminal FinFETs by Combination of Damage—Free Neutral-Beam Etching
and Neutral-Beam Oxidation Technologies 2009 International Conference
on Solid State Devices and Materials Sendai Kokusai Hotel 2009 4 10
H9H
Butsurin Jinnai, Eiichi Soda, Koji Koyama, Shuichi Saito and Seiji Samukawa
Effect of UV Photons and Radicals for Low—Frequency Line—Edge Roughness
(LER) of ArF Photo-resist during Fluorocarbon plasma etching 2009
International Conference on Solid State Devices and Materials Sendai
Kokusai Hotel 2009 4-10 A 9 H
Noriaki Matsunaga, Hirokatsu Okumura, Butsurin Jinnai and Seiji Samukawa
Hard Mask through UV Light—induced Damage to Low—k Film During Plasma
Process for Dual Damascene 2009 International Conference on Solid State
Devices and Materials Sendai Kokusai Hotel 2009 4~ 10 A 9 H
Toru Sasaki, Shigeo Yasuhara, Tsutomu Shimayama, Kunitoshi Tajima, Hisashi
Yano, Shingo Kadomura, Masaki Yoshimaru, Noriaki Matsunaga and Seiji Samukawa
Super-Low—k SiOCH Film (k=1.9) with High Water Resistance and High
Thermal Stability Formed by Neutral-Beam—Enhanced—CVD 2009 International
Conference on Solid State Devices and Materials  Sendai Kokusai Hotel
2009 4= 10 A 9 H
Chi—Hsien Huang, Makoto Igarashi, Maju Tomura, Masaki Takeguchi, Susumu
Horita, Yukiharu Uraoka, Takashi Fuyuki, Ichiro Yamashita, and Seiji Samukawa
A New Structure of nanodisk (Stacked Nanodisk) fabricated by
bio—nano—process and defect—free neutral beam etching 2009 International
Conference on Solid State Devices and Materials  Sendai Kokusai Hotel
2009 4~ 10 A4 9 H
Hiroto Ohtake, Seiichi Fukuda, Butsurin Jinnai, Tomohiko Tatsumi and Seiji
Samukawa Ion Trajectory Prediction at High—Aspect—Ratio Hole Etching by the
Combination of On—-wafer monitoring and Sheath Modeling 2009 International
Conference on Solid State Devices and Materials ~ Sendai Kokusai Hotel
2009 410 A 9 H
Makoto Igarashi, Chi-Hsien Huang, Maju Tomura, Masaki Takeguchi, Susumu
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Horita, Yukiharu Uraoka, Takashi Fuyuki, Ichiro Yamashita, Takashi Morie, and

Seiji Samukawa New Functional Device Characteristics with 2-Dimensional

Array of Si Nanodisks Fabricated by Combination of Bio—Template and Ultimate

Top—down Etching 2009 International Conference on Solid State Devices and

Materials Sendai Kokusai Hotel 20094~ 10 H 9 H

TEAREIR, & AV AR B R 2 I e, ) ER R, &S &
PEERNDERDORHBZHEER LI MW T 7T 2 — 20O R PE T
5526 Mt~ Ao VGV AT ATV RT T A AT —7R—

TV 2009 4= 10 H 16 H

Koji Koyama, Butsurin Jinnai, S. Maeda, K. Kato, A. Yasuda, H. Momose and Seiji

Samukawa  Mechanism for Generation of Molecular Level Line—Edge Roughness

of ArF Photoresist during Plasma Etching Processes American  Vacuum

Society 56th International Symposium & Exhibition San Jose Convention Center
2009 4~ 11 A 10 H

Hiroto Ohtake, S. Fukuda, Butsurin Jinnai, T. Tatsumi and Seiji Samukawa
Ion Trajectory Prediction at High—Aspect—Ratio Hole Etching by the

Combination of On—-Wafer Monitoring and Sheath Modeling American Vacuum

Society 56th International Symposium & Exhibition San Jose Convention Center
2009411 H 11 H

E. A. Hudson, M. Moravej, M. Block, S. Sirard, D. Wei, K. Takeshita, Butsurin

Jinnai and Seiji Samukawa Vacuum Ultraviolet Plasma Emission in a
Capacitively—Coupled Dielectric Etch Reactor American Vacuum Society
56th International Symposium & Exhibition San Jose Convention Center

20004 11 H 12 H
Butsurin Jinnai, S. Fukuda, Hiroto Ohtake, E. A. Hudson and Seiji Samukawa
On-wafer Monitoring for UV/VUV Photon Irradiation during Plasma Processes
American Vacuum Society b56th International Symposium & Exhibition
San Jose Convention Center 2009 4= 11 A 12 H
M. Igarshi, C. H. Huang, M. Takeguchi, S. Horita, Y. Uraoka, T. Fuyuki, I.
Yamashita and Seiji Samukawa Combination of Bio—template and Ultimate
Top—down Etching Processes for Defect—free, High Density, Size—controlled and
Excellent Uniform Si—Nanostructure for Ideal Quantum Effect Devices American
Vacuum Society 56th International Symposium & Exhibition San Jose Convention
Center 20004 11 A 13 H
PIEE . R, 7T~ ARV EE X WA KE

Meivh, [ E =SS, IR —RB, 2813 Optical Characteristics of
Two—Dimensional Array of Silicon nanodisk 2010 #£F2Z= % 57 B AW
PERIRE GRS R FMEF v /32 201043 A 18 H

RS, 38 R, ST, /NN, IR TR~ RS

Lo~ Arali o FLR—OERES L (2) 2010 F-FZ= 5 57 [BISHY)

PR RE A TS W R FWIRT v /32 201043 H 18 H

ANUREE] L, BENEETR 1, BT — 2, Dkl 2, 2282, EMEks 2, 2R

1 IR F oI BITH ArF LU ARD LER A B8 OSRINPES (LEE (2)
2010 -F/ZE 5 57 RS A B BARE AT E S R K W P %

VSR 201043 A 18 A
WA, FENARRR, AA7K HEIE, 28) 115k — Low=k BE~D/N—R~<AZil

L7 TR BEZ A= 50F52 2010 4EHZ 45 57 [Ho A FL 2%
HARES B RFMEY v 32 201043 A 18 H
FEPNPEFR, Eric A. Hudson, ZE)IIFk —. AL U= E=XU 7 HINICLOR &
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19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

FERN T T X~ o F L TIEEIT BT 5 B 2S8R A IR SR 2010 FH4
75 8 57 [AlS AL B RE Sl S R FRT v 82 2010 4 3
H 18 A

FIH "  ASAFTUT L — MBI TS LD — -« 55 5 - K o T 4

BEOWREE AT A A~DIRH 2010 AE/FZE & 57 Ao A E %
HAGRHES HERFMES Y22 201043 H 18 H
e O, R 8, AREEL, ZILIEFD, )15k ARAETEDT = Ak

L —HF =T AN R Ty T 7 (2) =F VA E DR =y F 7=
2010 4FARZ 56 57 S B 7 REfRE S TR = MR 7 I P 5%
INA 201043 H 18 A
DARHER, 408 B, AR, ZILERm, KITEA, IR 7y &z h
PRI —ACL DY YarmyF oy 2010 4EERZE 5 57 G AP BRI AR
AR B FME S v 32 2010423 A 18 H
DA R, 408 B, AEARETS, R ILIEFn, 2810 YRR — LD
AT (3) ~E—LAESAOBPE~ 2010 FFHFF & 57 [BISAWER R
HATHES FERTFEY v 32 201043 A 18 H
BN, REES, ARidad, NEPRRE, ATLHEERS, 488 B, fARER, A
TR ERR, AZILIEFN, &)1k 3 — R E FIREEH RIS LD Pk 2 — o4
FRAD =X LOFFAT 12010 FEFFE 55 57 [BS W BE 52 B AR 0 & G i =
U RFEME v 284 2010453 A 18 H
AR, HEE, EEX, WEE, WEATE, L F R, IR
NAF T T L—MERINTAZED Si & 1T /T4 A7 2 IRFTET LA DIERILE
SURFME [2] 2010 AR 4 57 Bl B BAMRE ARk RN
IETE s PRV 201043 A 19 H
Verx R LIFERE, HEBEL REFE | PIASITE BI85 AOKHEIE | &
SLIEME | #IEk T MR E—2A CVD ICEDBIEREER SiOC BEDO L
RS (3) =FEMEIC LD RO 2) = 2010 FFFF 5 57 BISHY
HPRAMRE AT S R R v 82 2010423 A 20 H
Verx R IR ERE, H BB REFE | FIASITE | BI85 AOKEIE | &
SLIEME | FIIEk T TR e — A CVD I XD BIERE B R SiOC DR
FEIETHIE (4) = HMBORE L VAL — LD =" 2010 HHFZ & 57
B 7 BRI A R R PR v S 2010423 A 20 H
PR, LAHE, AR A A2 IIIEFn, Z€)158 AR FED T = Ak
ML —F =T AN RIA T 7 =F VA E ORIy F 7 =
BRFEEo -~ A7 A (B ) At I KRS
Az PERARTITSE T 20104-6 H 17 H
DARBRR AZILERD, B B RERETR KYTISAL -IE " KA &h
PRI — DAEE DRI LV ar T BRFEE Y~ AT~
HEF (B ) G sies HORRSFAEPERANI SRR 2010 426 A 17 H
TEARER, ARB &, 44 EE ARBERELR, ZILIEM, IR Fa R
REEN. DL E G UMt T 7T 2— 2 OREREAT FERRE
oA rav T M (E D EES B K 5 A PE ST i SR T
201046 H 18 H
Maju Tomura, Y Yoshida, Takahito Ono, Chi—Hsien Huang, and Seiji Samukawa
Degradation of Mechanical Characteristics of Silicon Microcantilever due to

Plasma Induced Defects 5th Asia—Pacific Conference on Transducers and
Micro—Nano Technology The University Western Australia 2010 & 7
H8H

Fairuz Mohd Budiman, Chi—Hsien Huang, Xuan—-Yu Wang, Toshiyuki Kaizu,



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Makoto Igarashi, Ryuji Oshima, Yoshitaka Okada, Ichiro Yamashita, and Seiji
Samukawa U= (SD) T/ TAAY 2 RICET VAL D@ E SR
Yo7 TR —HIHORER 2010 FkF 5 71 USRS AN
FlRr R 2010 4£9 H 14 H
fbESR, HEE, FEX, EAYR TrAVR-T T v, FRILHE, 2
TSI BT T AARY 2 IRTT L AEE D BRI EOREIEIZ LD 2010 K
Z= BT USRS RIGRSE 201049 H 14 H
Xuan—-Yu Wang, Chi-Hsien Huang, Yuzo Ohno, Mokoto Igarashi, Akihiro
Murayama, and Seiji Samukawa Development of a Defect-Free GaAs/AlGaAs
Heterostructure Etching Process by Chlorine and Argon Mix Neutral Beam
2010 FFFKTR 55 71 S B b a2 E R N &
201049 H 14 H
AR, BAREMNY, HEE, FEX, TR -TrANR T T v, (1
RS, IE . ST KON GaAs KR EHm ~OT72VF 2 2 RITE S

2010 FFAKF= 5 71 RSB 2PN EE S R N
201049 H 15 H
SRR SE, BT, PP AR . ARoKEEIE, 221k FrvzneT=4Y

Y 7IZED PE-CVD FRERICKIT LT ¥ — V0 T H A=V DIEAEAT) =R LR
LEDVT NEAALGFHI2010 FFK A 5 71 BUS A B Y 2 IR B S
B NS 2010429 1 16 H
A2 R, NUREE], FNERER, BTH S —, IR, 2B, mks, J€)
- TIRw Ty F LTI BITSH ArF LAk Line-Edge—Roughness
(LERVEAEARRED T/ hARRRATE 2010 F8FE 5 71 [BIS AE A
firigiies RIFERT 201049 A 16 H
il =R R BMA, =R fEZ, I &, B B, )1 R MRS R
PERL 7B — AERE(NBO) &2 I B FRY — MR LIR 4 fi - FinFET o {FEH
2010 4FFkZE 55 71 B B P P GhE = S VN
20104-9 H 16 H
DARHER, F08 B, REAREDS, ZILER, KITIEA, IR 7 v &K
PERLFE— AT LDV IarmyF o 7(2) 2010 FFkE 5 71 UGB
firidiies RIFERT 201049 A 17 H
KREEE, Wi, aRdad, NEREE, ATLRRRS, #15 PE, fEAREIR, A
PRERL, ZILIER, #IGE T T hraibz AWz hiEk 2 — A0 = %
NF—HESAENT 2010 FEFKF F 71 BEUS A B E S IR E RS
BTN 2010429 17 H
X. Y. Wangl,3, C. H. Huangl,3, Y. Ohnol,3, M. Igarashil,3, Akihiro
MurayamaZ2,3 and Seiji Samukawal,3 Defect—free GaAs/AlGaAs
Heterostucture Etching Process by Chlorine/Argon Mixed Gas Neutral Beam
2010 International Conference on Solid State Devices and MaterialsHongo
Campus, University of Tokyo 201049 H 23 H
Chi-Hsien Huang, Makoto Igarashi, Mohd Fairuz Budiman, R. Oshima, I.
Yamashita, Y. Okada, and S. Samukawa Optical Characteristics of
Two—dimensional Array of Si Nano—disks Fabricated by Defect—free Neutral Beam
Etching with Bio—template 2010 International Conference on Solid State
Devices and Materials Hongo Campus, University of Tokyo 20104%9 A 23 H
Toru Sasaki, Shigeo Yasuhara, T. Shimayama, K. Tajima, H. Yano, Shingo
Kadomura, Masaki Yoshimaru, N. Matsunaga and Seiji Samukawa
DMOTMDS/MTMOS Multi-Stacked SiOCH films for Super-Low—k and
Sufficient Modulus Formed by Damage—free Neutral Beam Enhanced CVD

ik

I
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43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

2010 International Conference on Solid State Devices and MaterialsHongo
Campus, University of Tokyo 2010459 H 23 B
J.P. Zhao, L. Chen, M. Funk, R. Bravenec, R. Sundararajan, Koji Koyama, T.

Nozawa, Seiji Samukawa Spatial Evolution of Plasma Generated VUV in a
Microwave Surface-Wave Plasma American  Vacuum  Society  57th
International Symposium & Exhibition Albuquerque Convention Center

2010 4-10 H 19 H
T. Uesugi, Koji Koyama, Butsurin Jinnai, S. Maeda, K. Kato, A. Yasuda, H.
Momose, Seiji Samukawa Deciding Factors for Line-Edge—Roughness (LER)
Formation and Plasma—Resistance of ArF Photoresist during Plasma Etching
Processes  American Vacuum Society 57th International Symposium & Exhibition
Albuquerque Convention Center 2010 4~ 10 A 20 H
Naoki Watanabe, Shingo Ohtsuka, Takuya Iwasaki, Kohei Ono, Yasuroh Iriye,
Osamu Nukaga, Shinji Ueki, Tomohiro Kubota, Masakazu Sugiyama, Seiji
Samukawa  Numerical Simulation of Neutral Beam Generation by Quantum
Electrons Dynamics  American Vacuum Society 57th International Symposium &
Exhibition  Albuquerque Convention Center 2010 4~ 10 A 20 H
Xuan—-Yu Wang, Chi—Hsien Huang, Y. Ohno, M. Igarashi, Akihiro Murayama, Seiji
Samukawa Development of a Defect—-Free GaAs/AlGaAs Heterostructure
Etching Process Ultilizing Chlorine and Argon Mixed Neutral Beam American
Vacuum Society 57th International Symposium & Exhibition Albuquerque
Convention Center 2010 4F 10 A 20 H
Tomohiro Kubota, Shinji Ueki, Osamu Nukaga, Masakazu Sugiyama, Hiroto Ohtake,
Seiji Samukawa Silicon Etching using Large Diameter Neutral Beam Source
American Vacuum Society 57th International Symposium & Exhibition
Albuquerque Convention Center 2010 4~ 10 A 20 H
Chi—Hsien Huang, Maju Tomura, Y. Yoshida, Takahito Ono, Satoshi Yamasaki,
Seiji Samukawa Plasma—-induced Mechanical Degradation of Silicon
Microcantilever American Vacuum Society 57th International Symposium &
Exhibition  Albuquerque Convention Center 2010 4~ 10 A 20 H
Akira Wada, Kazuhiko Endo, Meishoku Masahara, Satoshi Yamasaki, Seiji
Samukawa Low Temperature, Lattice—plane—free, Anisotropic and Damage—free
Oxidation by Neutral Beam Technology American  Vacuum  Society  57th
International Symposium & Exhibition Albuquerque Convention Center
2010 410 H 20 A
Toru Sasaki, Shigeo Yasuhara, T. Shimayama, K. Tajima, H. Yano, Shingo
Kadomura, Masaki Yoshimaru, N. Matsunaga, Seiji Samukawa
Structure—designable Method to form Super low—-k SiOC Film by
Neutral-Beam—Enhanced Chemical Vapour Deposition American  Vacuum
Society 57th International Symposium & Exhibition Albuquerque Convention
Center 2010 4% 10 H 20 H
Maji Tomura, Chi—Hsien Huang, Y. Yoshida, Takahito Ono, Satoshi Yamasaki, and
Seiji Samukawa MECHANISM OF MECHANICAL DETERIORATION IN
SILICON MICROCANTILEVER INDUCED BY PLASMA PROCESS  IEEE
Sensors 2010 Conference Hilton Waikoloa Village 20104 11 H 4 H
"ENTR TrANVK Ty, WOEE, R Bk, BEE K, Rk
I, F Ry (S) F T A AT T LA REE RN LD E R N R
Yo7 TR 2011 FEARFE 5 58 Bl W B B AR I 5 G T 2
FRZE)N TRERS: 2011423 A 25 A
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53.

54.

55.

56.

o7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

KEEN, ARG M2, AL B2, fE B, EOEE, #
PAFTT LT —NIIMERLIZSITH /T A AT T U ADFIHE 2011 5K
Z= 55 58 [HS I Bt E ARk s AR LRRY: 2011423 H 25 H
AY ez, KEFESL, i B2, LR Bk, B OFE, #I W
S/ TAARY 2 IRILT VANZBIT DA F v T H A FI7 A 2011 43
Z= 55 58 [HS I Bt E ARk s AR LRRY: 2011423 H 25 A
AHE B, RS M2, KEEH, 38 OEE, Ml B, I R
S1 T/ TAAZREIEIT I TS PL LD FUELRBBIKAFME 2011 /T 5 58
Bl B BRI S S MR TRRY 201143 A 25 H
FAJE Bk, HEAT PRER, B ORE, , I BT SIiC/Si BT/ T A A
OIEREZORME 2011 HEFF % 58 US4 B2 B4R E & 5 1 =
AN TARRY: 201143 A 25 H
EEN, K ME.EAR BE o FATOWLT BB MBS #EE, 2€)I
- Fabrication of Two—dimensional Array of Sub—10nm GaAs Nanodisk
by Bio—template Neutral Beam Etching Process 2011 #EFZ % 58 [ AW
RIS S S PRI TR 2011423 ) 25 A
THORCEL, VEEE ORAT. IR AR VEEE ORAT. £ OB RME &R, LE —
Bl Z)I 3R “Investigation of Miniband Formation in Two—Dimensional
Array of Silicon Nanodisk” 2011 K= 55 58 [ali HY B B fRE Ak
& MRJIIRRY: 2011423 A 25 A
FiH =R, = fz, B P, 2 5 (KRB E PR e —
LB T B RITHIT S S LR 2011 4EFZ 4 58 S A BELR
BEGH S MR TRRY: 2011483 A 25 H
FiH =R, = fz, B P, 2 5 (KRB ER ke —
LA L(INBO)Z W= @i E GeO2 IEDTE AL 2011 A-Z 5 58 G Y
HFRAfRE SRS M) TR 2011423 A 26 H
Ver AR =25 B BE AL RE PR IS B S Rk #

BE. &L TEME, 281 3 HPPERIFE—L4 CVD IC L ABBIKF &R SiOC K
DI R R &G E=1EA T ADMOTMDS/MTMOSIZ LA ki = 2011 43

7% 5 58 S AP B BIfRE A RS AR TRRY: 2011423 A 26 H
PR FREL EL BE, 3O, N SN, F R SO REHEEIC
Lo~ Al F L R—DOEES L (3) 2011 -2 55 58 AL HY)
PREEAREATEES MR TARRSE 201143 A 26 H
mll BE, A R, EORE, N 22N, T T ORI
Lo~ Arali s FLoR—OE S (4) 2011 A2 55 58 [MlSHY)
HZBRE A TS MR TRRY: 201143 A 26 H
bR A, NEE B, Z2m 8 EAR G, BTE W, I T ST~
yF TN RITAH ArF LA Line—Edge—Roughness (LER) O7RU~—HEE (K 1F
P 2011 FFZE 5 58 S AW PR B RE G H S 7= I TR K
2011 43 H 26 H
AR Bog, il BERE, @ fisl, A i, NE BRI R
FryxzoNn—t Y ERANWT Iy F T T A CB T HY— AR
BLOAA U HLE THI 2011 £FEZF 5 58 BUSHYEZEMRESHEHS
PN TRIRS: 201143 H 26 H
IR R, KBTS, FEA M &, SR, NEPERE, AJLERRR, &2 1ILEFn,
KVTTEN, )k ki Fe—Aaickay)ar=yF o7 (3) 2011 K
7= % 58 [ESHY B ZBIfRE AR AR LRRT 2011423 A 26 A
KRG, PO, SRdad, NEERE, 28 8, fARER, ARBERL,
RILIERD, Z€)115k —, AJTEERR Mkl 78— A = RV — « ff JE /3 AT i AT &



68.

69.

70.

T1.

72.

73.

4.

75.

76.

7.

78.

79.

ToyF LT al—ar~Dii 2011 F-&ZF 5 58 (Bl B 7 RALR

BEGHEE MR TRRS: 2011483 H 26 A

N, REES, SRdad, NERRE, ATLEERS, 488 B, ARER, A

PRER A, ZILIERD, 215k 8 — R BREE IR IEFH RIS LD Rk 2 — Ak

FRAD =X LOfFMT IV2011 AR ZE 55 58 Bl W B 52 B AR 1t & 5 5 =
PRI TRRY: 2011423 A 26 H

AN, I —BB, Iojalik, 38 EE, IIE PEG Efiv=UF

& NTZ T PR e B 5y A 2011 4FFRZE 5 58 [RIs BBtk

HWETHES MR LRRY: 201143 25

Tomohiro Kubota, S.Ueki, Y.Nishimori, G. Hashiguchi, M.Sugiyama, Seiji

Samukawa  Damage—free silicon etching using large diameter neutral beam source
International Conference on Electronics Packaging 2011 45 B & 37 /A & &t
20114-4 H 14 H

O.Nukaga, S.Yamamoto, K.V.Tabata, Tomohiro Kubota, Seiji Samukawa,

M.Sugiyama Embedded Nano—channel Fabricated in Fused Silica by Femtosecond

Laser Irradiation and Wet Etching for Nano-scale Fluid Devices
International Conference on Electronics Packaging 2011 25 B R 3 A & &
201144 H 14 H

Junji Adachi, Tomohiro Kubota, M.Yahiro, Seiji Samukawa, C. AdachiMinimizing

Etching Damages of Organic Semiconductor Layers by Neutral Beams
International Conference on Electronics Packaging 2011 25 B R 3 A & &
20114-4 H 14 H

Makoto Igarashi, Chi—-Hsien Huang, Xuan—-Yu Wang, Mohd Fairuz Budiman,

Yosuke Tamura, Takayuki Kiba, Akihiro Murayama, Toshiyuki Kaizu, Yoshitaka

Okada, and Seiji Samukawa Optical Absorption, Photo—Luminescence and

Miniband Formation of a Highly Ordered and Dense 2-Dimensional Array of Si

Nanodisks for quantum Dot Solar Cells 37th IEEE Photovoltaic Specialists

Conference Washington State Convention Center 2011456 A 24 H

Akira Wada, Kazuhiko Endo, Meishoku Masahara, Chi—Hsien Huang, and Seiji

Samukawa Low—activation—energy and High—quality Oxidation of Si Using

Neutral Beam 2011 IEEE International NanoElectronics Conference
Chang Gung University 201146 H 23 H

Tomohiro Kubota and Seiji Samukawa Silicon etching using large—diameter

neutral beam source 3rd International Conference on Microelectronics and

Plasma Technology =~ Furama Hotel Dalian 201147 H 5 H
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Convention Center  20114F 11 A 1 H
Tomohiro Kubota, Naoki Watanabe, Shingo Ohtsuka, Kohei Ono, Hiroto Ohtake,
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Weiguo Hu, Mohammad Maksudur Rahman, Takeru Okada, Akio Higo, Yiming Li,
and Seiji Samukawa  Simulation of Type-Il Ge/Si Quantum Dot Solar Cells

16th International Workshop on Computational Electronics Nara
Prefectural New Public Hall 20134£6 H 6 H
Yoshiyuki Kikuchi, Akira Wada, and Seiji Samukawa Extremely Non—Porous

Ultra—Low-K SiOCH (k=2.3) with Sufficient Modulus (>10 GPa), High Cu Diffusion
Barrier and High Tolerance for Integration Process Formed by Large—Radius
Neutral-Beam Enhanced CVD 2013 IEEE International Interconnect Technology
Conference Kyoto Research Park 201346 A 14 H
Akira Wada, Koki Igarashi, Takeru Okada, Seiji Samukawa Damage-less
Graphene Etching by Oxygen Neutral Beam for Graphene Nanoribbon Fabrication
The 13th IEEE International Conference on Nanotechnology Shangrila
hotel 201348 A 8 H
Yosuke Tamura, Akio Higo, Takayuki Kiba, Wang Yunpeng, Makoto Igarashi,
Cedric Thomas, Weiguo Hu, Mohd Erman Fauzi, Akihiro Murayama, Masakazu
Sugiyama, Yoshiaki Nakano, Seiji Samukawa Photoluminescence of
High—density and Sub—20—nm GaAs Nanodisks Fabricated with a Neutral Beam
Etching Process and MOVPE Regrowth for High Performance QDs Devices
The 13th IEEE International Conference on Nanotechnology Shangrila
hotel
Yosuke Tamura, Akio Higo, Takayuki Kiba, Wang Yunpeng, Cedric Thomas,
Takeru Okada, Weiguo Hu, Akihiro Murayama, Masakazu Sugiyama, Yoshiaki
Nakano, Seiji Samukawa High Density and High Aspect Ratio
GaAs/AlGaAs Nanopillar array Fabricated by Fusion of Bio—Template and Neutral
Beam Etching 2013 Internatinal Conference on Solid State Devices and
Materials Hilton Fukuoka Sea Hawk 20134%9 A 25 H
Takeru Okada, Ching—Yuan Su, Chi—Hsien Huang, Kouki Igarashi, Akira Wada,
Lain—Jong Li, Kuan—-I Ho, Pei-Wen Li, Inn-Hao Chen, Chao—Sung Lai, and Seiji
Samukawa  Ultra—low Damage Fabrication of Graphene Nanoribbons by Neutral
Beam Etching 2013 Internatinal Conference on Solid State Devices and
Materials ~ Hilton Fukuoka Sea Hawk 2013 4£9 H 26 H
Yoshiyuki Kikuchi and Seiji Samukawa Ultra Low—k Non—Porous SiOCH Film
(k < 2.2) Formed by Ultra Precise Molecular Control in Polymerization Synthesis by
Using Large—Radius Neutral- Beam—Enhanced CVD2013 Internatinal Conference
on Solid State Devices and Materials Hilton Fukuoka Sea Hawk 2013 4% 9
H 27 H
Chi-Hsien Huang, Ching—Yuan Su, Chao—Sung Lai, and Seiji Samukawa
Selective Oxidation of Large—Scale Graphene Sheet by Low Damage Plasma
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Treatment IEEE  Nanotechnology  Materials and Device Conference
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Takeo Ohno and Seiji Samukawa Resistive Switching in an Ultra—thin Tantalum

Oxide Film IEEE  Nanotechnology = Materials and Device Conference
Shangri-La Hotel 2013410 A 8 H

Akio Higo, Yosuke Tamura, Takayuki Kiba, Cedric Thomas, Wang Yunpeng,

Masakazu Sugiyama, Yoshiaki Nakano, Akihiro Murayama, and Seiji Samukawa
The Fabrication of GaAs Quantum Nanodisks Combination of Biotemplate,

Neutral Beam Etching and MOVPE IEEE Nanotechnology Materials and

Device Conference Shangri-La Hotel 2013410 A 7 H

Cédric Thomas, Yosuke Tamura, Akio Higo, Naofumi Okamoto, Ichiro Yamashita,

and Seiji Samukawa  Fabrication of GaAs/AlGaAs nano-pillars  using

bio—tempate combined with neutral beam defect—free etching AVS 60th

International Symposium & Exhibition Long Beach Convention Center
20134£10 H 31 H

Yoshiyuki Kikuchi and Seiji Samukawa Conductive carbon film formation at low

temperature (<R. T.) using Neutral-Beam—-Enhanced Chemical-Vapor-Deposition
AVS 60th International Symposium & Exhibition Long  Beach  Convention

Center 20134£10 H 31 H

Tomohiro Kubota, Michio Sato, Takuya Iwasaki, Kohei Ono, and Seiji Samukawa
Feature profile evolution in plasma processing using on—wafer monitoring

system AVS 60th International Symposium & Exhibition Long Beach

Convention Center 20134~ 10 A 31 H

Naoki Watanabe, Shingo Ohtsuka, Shunsuke Mochizuki, Tomohiro Kubota, Takuya

Iwasaki, Yasuroh Iriye, Kohei Ono, and Seiji Samukawa Numerical

simulation of total processes of neutral beam etching from generation of neutral

beam by collision of ions against graphite sidewall to 3—dimensional etching profile
AVS 60th International Symposium & Exhibition Long ~ Beach  Convention

Center 2013410 A 31 H

Takeru Okada, Kouki Igarashi, and Seiji Samukawa Damage—free Etching of

Graphene using Oxygen Neutral Beam towards Edge State Control AVS 60th

International Symposium & Exhibition Long Beach Convention Center
2013410 A 31 H

Hiroshi  Ito, Takuya  Kuwahara, Yuji = Higuchi, Nobuki  Ozawa, Seiji

Samukawa, Momoji Kubo Atomistic Etching Mechanisms of SiO2 Surface by

Fluorocarbon Radicals: Quantum Chemical Molecular Dynamics Simulation
2013 MRS Fall Meeting & Exhibit Hynes Convention Center and Sheraton

Boston Hotel2013 4£ 12 A 4 H
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Damage—free AlGaN/GaN Recess—Gate Etching using Cl<{sub>2</sub> Neutral
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Thomas Cedric, FAATEEML, IESHES, MH f#E 2113 Activation  energy
measurement of chlorine neutral beam etching of GaAs %61 [\ Ay
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Nguyen Van Toan, Tomohiro Kubota, Halubai Sekhar, Seiji Samukawa, and
Takahito Ono Fabrication and evaluation of silicon micromechanical
resonator using neutral beam etching technology  The 9th International
Conference on Nano/Micro Engineered and Molecular Systems Hyatt
Regency Waikiki 201444 H 14 H

Daiki Nakayama, Takeo Ohno, and Seiji Samukawa Formation of

Germanium Oxide Thin Film by Neutral Beam Oxidation Process and Post
Oxidation Method 2014 MRS Spring Meeting & Exhibit Moscone West and
San Francisco Marriott Marquis 2014 45 4 H 25 H
Halubai Sekhar, Tomohiro Kubota, Takeru Okada, Yosuke Tamura, ChangYong
Lee, Jitsuo Ohta, Hiroshi Fujioka, and Seiji Samukawa Damage—free
AlGaN/GaN Recess—Gate Etching using Cl2 Neutral Beam for High—Performance
HEMTs The 3rd International Symposiumon Next—Generation Electronics
Chang Gung University 201445 H 8 H
Cedric Thomas, Yosuke Tamura, Akio Higo, Takayuki Kiba, Akihiro
Murayama, Seiji Samukawa GaAs/AlgaAs stacked layers etched by neutral
beam for the fabrication of quantum dot structures The 3rd International
Symposiumon Next—Generation Electronics Chang Gung University
201445 A 10 H
Seiji Samukawa, Shintaro Ishii, Akio Higo, Yosuke Tamura, Takayuki Kiba,
Akihiro Murayama, Yiming Li Full 3D Quantum Energy Level Simulation for
GaAs/AlGaAs Quantum Nanodisks Fabricated by Ultimate Top—down Process
The 3rd International Symposiumon Next—Generation Electronics Chang
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Xun Gu, Yoshiyuki Kikuchi, Toshihisa Nozawa, and Seiji Samukawa A Novel

Metallic Complex Reaction Etching for Transitioin Metal and Magnetic Material by

Low—Temperature and Damage—Free Neutral Beam Process for Non—Volatile

MRAM Device Applications 2014 Symposia on VLSI Technology and Circuits
Hilton Hawaiian Village 2014 4-6 A 10 H

Takeo Ohno, Daiki Nakayama, and Seiji Samukawa Al/Ge Simultaneous
Oxidation Process using Oxygen Neutral Beam for Ge MOS Transistor The  6th
IEEE International Nanoelectronics Conference 2014 Hokkaido University

201447 A 30 H
Takuya Fujii, Takeru Okada, Mohd Erman Syazwan, Taiga Isoda, Hirotaka Endo,
Mohammad Maksudur Rahman, Kohei Ito, Seiji Samukawa Fabrication of High
Density Sub—10nm Germanium Nanodisk Array Using Bio—template and Neutral
Beam Etching for Solar Cell Application The 6th IEEE International
Nanoelectronics Conference 2014 Hokkaido University 2014 4 7
H 30 H
Kenichi Yoshikawa, Akio Higo, Chang Yong Lee, Yosuke Tamura, Cedric Thomas,
Takayuki Kiba, Shintaro Ishii, Hassanet Sodabanlu, Yunpeng Wang, Masakazu
Sugiyama, Yoshiaki Nakano, Ichiro Yamashita, Akihiro Murayama, Seiji Samukawa
Fabrication of InGaAs Quantum Nanodisk Array by Using Bio—Template and
Top—Down Etching Processes 14th IEEE  International Conference on
Nanotechnology Eaton Chelsea Hotel 2014 4-8 A 19 H
Yosuke Tamura, Akio Higo, Takayuki Kiba, Cedric Thomas, Yunpeng Wang,
Hassanet Sodabanlu, Ichiro Yamashita, Masakazu Sugiyama, Yoshiaki Nakano,
Akihiro Murayama, and Seiji Samukawa  Narrow Line—Width Photoluminescence
Spectrum of GaAs Nanodisks Fabricated Using Bio—Template Ultimate Top—Down
Processes  14th IEEE International Conference on Nanotechnology Eaton
Chelsea Hotel 201448 H 19 H
Takayuki Kiba, Yosuke Tamura, Cedric Thomas, Ichiro Yamashita, Akihiro
Murayama “OPTICAL  CHARACTERISTICS OF GAAS QUANTUM
NANODISKS ARRAYS BY USING NEUTRAL BEAM TOP-DOWN PROCESS”
2014 International Conference on Optical MEMS and Nanophotonics (OMN)
University of Strathclyde 201448 H 19 H
Takeru Okadal, Koki Igrarashil, Patrick Han2, Taro Hitosugi2, C—H. Huang3,
C-Y. Su4, and Seiji Samukawal,2 Fabrication of Two—Dimensional 10 nm
Graphene dot array and Optical Characterization 2014 International Conference
on Solid State Devices and Materials Tsukuba International Congress Center
2049 H9H
Chentir Mohamed—Tahar, Takuya Fujii, Taiga Isoda, Kohei Itoh, Hirotaka Endo, Y.
Hoshi, Noritaka Usami, and Seiji Samukawa Fabrication @ And  Optical
Characterization Of « —Germanium Nano Disk Structure Using Bio—Template And
Neutral Beam Etching for Solar Cell Application 2014 International Conference
on Solid State Devices and Materials Tsukuba International Congress Center

20149 H 11 H
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Xun Gu, %R =2, BpREA, )15k A Metallic Complex Reaction

Etching of Transition Metal by Low—temperature and Damage—free Neutral Beam
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Top—Down Process Neutral Beam Etching And Hydrogen Radical Treatment
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Mohammad Maksudur Rahman, Takeru Okada, Akio Higo, Halubai sekhar,

Noritaka Usami, Masakazu Sugiyama, Yoshiaki Nakano, and Seiji Samukawa
Optimization of Passivation Layer for a Quantum Dot Superlattice Fabricated

with Bio—template and Neutral Beam Etching Technology for High Efficiency Solar

Cell 55 75 UGBS IR AR S AL v E K AL R
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C. Thomas, C.Y. Lee, K. Yoshikawa, A. Higo, T. Kiba, I. Yamashita, A. Murayama,

and S. Samukawa Etching of InGaAs/GaAs layered structures by neutral

beam etching for quantum dot laser applications % 75 [Bli MBS RS
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F2)I13—  “DLC Film Deposited on Micro—Electrode with NBECVD for
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Chentir Mohamed-Tahar, Takuya Fujii, Taiga Isoda, Kohei Itoh,
Hirotaka Endo, Y. Hoshi, Noritaka Usami, and Seiji Samukawa,

Fabrication And Optical Characterization Of «—Germanium Nano Disk
Structure Using Bio—Template And Neutral Beam Etching for Solar Cell
Application, 2014 International Conference on Solid State Devices and
Materials, G-T-4 (Tsukuba, 2014/09/11).

Takeru Okada and Sei ji Samukawa, Modification of Graphene by Neutral
Beam Irradiation and Edge Structure Analysis, American Vacuum Society
61st International Symposium & Exhibition, 2D+AS+EM+NS+SS—-MoA9
(Baltimore, 2014/11/10)

Tomohiro Kubota, Naoki Watanabe, Shingo Ohtsuka, Takuya Iwasaki,

Kohei Ono, Yasuroh Iriye, and Seiji Samukawa, Precise theoretical

calculation of neutral beam generation efficiency by collision of
chlorine against graphite surface, American Vacuum Society 61st
International Symposium & Exhibition, PS2+TF-ThM13 (Baltimore,
2014/11/13).

Cedric Thomas, Kenichi Yoshikawa, Chang—Yong Lee, Yosuke Tamura,
Akio Higo, Takayuki Kiba, Akihiro Murayama, Ichiro Yamashita, Seiji
Samukawa, Top—down InGaAs/GaAs nanopillars fabrication using a bio—nano
process and a neutral beam etching process, American Vacuum Society 61st
International Symposium & Exhibition, PS-ThAS (Baltimore, 2014/11/13)
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InGaAs quantum dot fabrication by a top—down approach for optical
devices applications: effect of nanoscale etching mask, Z& 62 /5] i/
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