<
brought to you by i CORE

View metadata, citation and similar papers at core.ac.uk

provided by KANAGAWA University Repository

Science Journal of Kanagawa University 18 : 45-53 (2007)

MR EW 2006 ARG BT FE AT B B R A SE

AFVEALTE A EY FEEERD MeV A4 E—LRBHICED
BERHNE L OBTZE
— FREY A YES NEROER L FHMEOME (2) —
TR ARRRE T )IIEEA] T ARk
Research into Electorical Activation of Ion-implanteed Diamond Semiconductor
Using MeV Ion Beam Irradation
— Research into Formation of High-Quality Diamond Epitaxial Thin Layers
on the Diamond Substrates and Evaluation of These Layers (2) —

Jyoji Nakata', Yasunao Saito', Katsunori Kawasaki® and Toshiyuki Hattori’

1 Department of Information Science, Faculty of Science, Kanagawa University, Hiratsuka-shi,
Kanagawa-ken, 259-1293, Japan

2 Graduate School of Science and Engineering

3 Research Laboratory of Nuclear Reactor,
152-8550, Japan

4 To whom correspondence should be addressed. E-mail: jyojin@info.kanagawa-u.ac.jp

Tokyo Institute of Technology, Meguro-ku, Tokyo-to,

Abstract: We have developed a microwave-plasma CVD apparatus for depositing epitaxial
diamond layers on the diamond substrates. We reported in 2006 that high-quality diamond
epitaxial layers were successfully deposited on these substrates, however, sharp peaks of
points several microns high were also observed by using an Atomic Force Microprobe. We
attributed these peaks to carbon nanotubes grown on the diamond substrate, because a high
density of contamination atoms for species around iron element was detected by the
Rutherford Backscattering analysis on the as-purchased diamond substrates. Therefore, in
2007, we adopted some cleaning processes for the diamond substrate surface before
deposition, using acidic liquid. We successfully obtained high-quality diamond epitaxial
layers without sharp high peaks, however, we observe a uneven hills. These can be
attributed to the very small uneven surfaces of the as-purchased diamond substrates, due to
inadequate polishing process at the diamond substrate maker. We are now reexamining
the polishing process, including the etching process, to obtain clean and flat surfaces of the
as-purchased diamond substrates.

Keywords® microwave plasma, CVD, diamond, epitaxial layer, Hall effect, AFM, surface

cleaning process

Fr i

HHER LT BRUBEROFMVERE T LR EDR s BMRIEERDK 13 f5E0O T, KREENERFIZE

P CERAE S e Wi O R E T 298 R LT,

DZETHY  ZOMRERTIBEICL > TEET D, CEFRY 7 MEEREHND T, TN, D )
ZOX ) BEEEIAA B E LTI 3N TR BB ATRE,

ELTHWHILTWD A, Falt TiTfiE & Wbt - MBI 25K 10 5RO T, EEEIC BT
TWAEAVEY RERERE L THWDEIE B A bbb,

BB, AT EAYELY KBV U o TR T,
s BEHIHEK) 5 (EIEWVO T, SIRERE T TOEER
Al HE,

c IR—VBEIENE VO T, &EEICmZ 55,
EWVWHOMEEFESZ EAERICET LD,
BRI DO k& BT & WE CVD 4

©Research Institute for Integrated Science, Kanagawa University


https://core.ac.uk/display/291686218?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

46 Science Journal of Kanagawa University Vol. 18, 2007

AYEY REBRICA A FEAICELY N B F—ry

F&EA LT MeV #kA 4> BEHZ X 0 ERWICTE
Mibd+2ztTh b, NRHEBEBKXWEE LT RS T
40 FLLEOMER TE 2o 2 & Th D, MeV
WA A RENC K KIR TR LT 2 S 1
(Ion-Beam-Induced Epitaxial Crystallization, IBIEC)
TEENHRATHD THLNIZLIZH DT, £DH%
HREHTZOBGEBHEI, ZOBEEZHHT
LHEMEETNANREINTE 2 329, @ OB
Z BOPERBAR I X D BULEE &3 uX, IBIEC 1 X3E#,
PHRBREIC L DB TH Y . TREFIHALTA 4
VHEAFA RS REBRWIIEELTE R0 e
ERE LT,

AEBRTIE, TORIEEE LTS 7077 X
~ CVD R akdEE 2 W TR E 414 v K
WA T A2 HME LTS, /2, 7
F hr CVD A 3y ZAEEZFIH L CEME A
L. Au VA4 YORBEFWRR T 4 73EEZFIHL
TAHR—=NVHRMEZITV, TOREREZ M LS
LI ERITHRAIC L > TS 2 2 AN E T D,

AR IS YFEE CHEL I~ 7 nili 77 X~
CVD ME@EZHANWTH A v NEEAHRE CTE -
ZEEWE L, L, TOE, AFM T8I
% EFEFITNS REENZHERICKE L TWD D
Ry o, THIII—RTF ) Fa—TTHDHZ
EETHELIE, LW OITEBRKERTO X A Y€
RIERDOREIZITEE, a0V bk, =t noiz
K% F ) F 2 —T %R S L M a R DG YA
FIETDZENGoTWENLLTHD 29, Zh bk
ROTHRIZZ A ¥ FEREBRSEAK ST
BRICAME E LTHOWOBNAEHETH Y, T bk
WORMBY L L TESTWA I e yoT, £2
TAEEL CVD 5 2 HERE Xt 5 il O HAR g 7
B0 R — VR E 21T 5 B ORE HikckE, & —
IVHRBE &7 9 120 O BEMA B HERE H k%, &
FERRITEOUEEITIY AT,

RBARERTIEEICH A YEL N Ib A
L7 A YE L RERIZIE b ik & 1a R B
Do 2ODHMRDEBEWITEMRIZEEFNTNDLERD
BT, Ha BRAERZ RSB I FRDNTH D
DIZH LT, Ib EARIEFZOEGHENE N, AL
TEEFIZIE N B EEENTWRWVWO T, BREHE
Ze bl Lo Ib e 24 L 7=,

B Bk

Ib EAR DO RIE R

AEER L7244 Y& R Ib EARIZIZTHEIIZ 2 O
ORENRH -7z, AT TIEZORIBES & iR 55 %

1. A FEHImE@EERD. B, EEARImE@GeE4).
A
/
/
B2 T NS
B

B.

2.
2

A BERDE ANy HZ ) I L B EMOIKE.
E D4 A7y 2 o T KA BMODK.



HH, R M mREL A YRS REROBRK & FHIOMER) 47

S LTV <,

RITE DIHFZRIZ DN T
HfxIA THDIETOX A YEL RO Ib ERICER
NN TLELSTWE, ZZCTIb ERERYH LT
AH—"fF o THBIER| > TAR D &, EHOMET
BHRHIILCTLE D Z R ahoTo, JEFBMEE T
HAROMHE 2 L THD ELLTDO X 912> Tz,
LFOFETZOMEEEETZ &%nﬁjfﬁo
- FRvE 3RAh BRMR : ME=3 @ 1

B 200 C

e 15 47
KB FT

2 ODWHEZR L THAEN EDOX 1(A), B)DiE Y %)
R lenotz, £ 2 CE&EBEMOALEZ X 200127
SMAIE Y X ONEE DD LNENCT S L, X 2(B)
DOEHIZHEZRET D Z L2 LT,

KREDTERIZONT

Ib FEAROFREZ N FHMBE TR AL L, K 3(A)
DEITIEYEENTND Z EBNhoT,
ZZTCUTORETI OB EREET L%
Azl A, M 3B L5 Enn Ib il &
o,

3. A FEREm@EAAD. B, Bk R).

VI BN e

WAL T =T K R b AKRIEK ¢ Rk
=1:1:5

HE 80 C

HfE 10 40

Z OYEFTFIEII AR —T 4 7V EED BRL
e HiETH D, 29 LT ERROIBRIIFHEM TH
LT ENbroTe, WIZEROWEE LT-XAYEY
RIb HARIZ~A 7 vt 77 X~ CVDIETH A Y&
v NERERT D,

< 7% by CVD ARy ZERBIC L B BB

= VN R E L CRERBREZ TR D72
&4?%/%%ﬁ%mﬁéﬁtEWt \vaxb
2y CVD ARy ZIEECEMA BT S, Z D
(2. BFEAEREE T Au, PtRh, Ti O 34&@% A8y ¥ L
TWe, TRENITIFLTFOZRENH 5,

Au: &Y A Y¥— LR,
PtRh : Ti Of#{LEHE, Au & Ti 54L&
<
Ti: ¥4 ¥YEV FKREEDOA—I v T a7y
&S,

MEAR LI E WA 7 o o VBRGNS -
otz R 4 o 73gdIc, BEEREZ R—L
HHEREE OBRIZE Y (1 Tz, xRy
T4 TR o T2 JRR & L CEUE O B AR L
MR D DTN EE X T,

Jedt. Sik Bz, Au, PtRh, Ti ZWEHE & [H
CHMETARyZ L, 2SR T 4 T ERI T,
RNLY |, AT 4 T ORIIRITIELS . EBRIZFER
TOFHIIRETH 7=, ZDRT 4 2 7RI
ECFBEMBE BT S L, K4 DX 5T PtRh
Ti il CHEAF AN TV D EN Do 7=,

ZOFENL, EEERT 4 70N ) £ 0
Mo JFK E LT PtRh/Ti HOMEICIENH D &
THETE 5,

4. KT 4 > 7RGy OB EE.,



48 Science Journal of Kanagawa University Vol 18, 2007

PEMMIFOERE CTIIA—I v 7 a2 7 MERET
% 3B D BRI D TE R 12 Aw/PH/Ti D 342 )& %1
LT3 ARSERR Tid Pt Tl < MUIFE=RICH -
72 PtRh (A&uTY U L) EWH BEEMHERA L
W, MENRAELZEEZBND (M 5ASH),

Pt =° PtRh (Z1%, Ti O@bZHE, Au & OHE
{bEB B H 503, UAFFEEICIE PtRh L/
<, IhvxE Pt oA & LTl SRZRWERA
DIFRTH -T2,

ZHUC XY AHEEIXK 5B @ X 912, PtRh &1
FTL, Au, Ti ® 2 BREA RNy XZEE LT, i
WZED, AT 4 TORHRIIEL 2D, F—L
hARMEICHER RS L o127 oT,

A
3000 A Au
500 A PtRh
500 A Ti
54 Y&y FEMR
B
3000 A .
500 A Ti
H4PEY PR

X 5. A WEEEOBEMIEOMKER. B. 54K OEM
IR DOHEREER.

BEERT 4 v TEE

ESH ANy BY T THEELLE, @74 Y —%fF
FATDIHERTEONRRT 4 v THEBETH D,
HEEIEIK 6 DL I TWND,

AT 2RSSR LR UM EDO YA v—% LTk
. U ENSFREEMZ M B EI AT A
AE IR A 525, THLEKET A Y—L D5
S CEENEZ Y, ZOREEEIC L > TEE DR
B ETIRENENY , BT 5,

X 6. AT 477 =58 1'% 7Y, I
27, MIA¥HA R,

RESIENEET & U CIRBIE I 2 AW &R
DOWEZRE L THD &, BHERFORFEIREILED
BB DR D 35 %~50%% 71~ L T\ 5D, IR Tl
R T A Y —RNEE LH->TWND, TN EZF
TIREICED2 DO TE Z F THMMIERNICE S L0
MWEoZX Y LA L ERV RN, BEENTHFT
TTHLLHLAAWT RV, BT X702 E<
DT TEZVEEZNTTETCLNZ2THLENRT
L%,

A— VR RELEE

R DR — VR A RET L, BRI E T
BELBEDETH D R— R, v U TIRE,
Xx VUTBEE, >— MO E2mD 2 LR
Hkz, £, METIREBORELZ (LTS 2
LICE ST, ENOORBEFHEOIET 2 Z &0
ARETd 5, WEFEDZEZEMIE TIT o 7o AR — /L 3
EFENPOER LR OB EMEHT D,
XA — VMR O EEARR IR AR — L R ELE &
OFERE e EVEREORENE & BEET 5534
9 5,

REOBEFEOER

B 72T LIS TOER AT o7z,

WEAE - REZ GBI OSH TH L IR Z—|T
EE L., JE,

BAE ANy 2T L o T T 72 BRI 712 Au
UAY—%@BEER T 7L, Ti LI
BEOTHEREFIEICEE,

ZAUTED | A= ARORE LT RIED ATREIC

VS



I, A M BREL A Y'Y REROR K &M OMIEQR) 49

7. b e AR — VR RPESEE DA F — T
fHF7=FECE MR T A4,

PRV E — DB

RAZA—IZHEH LTS T AU —R L TEL

HRINTEY, &R THE LRy 7 vdk

BB A YTy REWRN T T 7 74 MIHEREN

TLEoTm, TN TIXEFIZHEH K2 WO TELT

DFNETHEHF LT,

1) #ifg H,SO, :f4lt HNO,=3:1 DEIGTIRA L.
200°C &£ TET 5,

2) VT NWHRNT AL, 15 BT 5,

3) 156 o= B H L, MK CHEEREE LT
BRI D,

BIEROHREEE
WEAE « JlE O IR EEH#iPH 50 C~800 C
TEIE AR 1.000e-09 A
/N 1.000e-12 A
800 CE CT—RITHEEITH &, 500°CLL LIZA4—
Ry s arg s bRt EFREEZ LTV
Mmolz, T TEHEIA—Iv I ar¥ s MERIE
THEDITRERTE L 2 DLL BT, IRERPEIC
Lo TERBREEZE X THEZITV, BIERICE S
T ERRTHEND FiEERST-, Zhux, ¥4
Y FOBEBPUENRE FRICL > TTFRRT 5720

Thd, ZhiZky, 500CUL ETHbA—I v T =
A7 ERBINTND Z LD MR TE T,
KA—Iyrarzy bk, fHER—ED%E
F—LDOERI I X R = EWZ X0 EE & BT s3
LDIREEIEL TV D,

RES
FA X FEBEOFEL & 7

AFM IC L 2REE 7 A 0P —HE

HA YT REPEERT N X LTHWDIZIE,
HAYEY FEREICERED X A YE L FEREZ
BOVENS D, RERTIE, v~/ /a7 7 X~
CVD Bk ¥ A YEY FEMRIZA A TEL R
JEATER L. JRT-E 1 BEEE (AFM) # W CTZD
TR 21T 72, SHFEEDO~A 7 v CVD LI
L2584 YT NEBASEIIER 1 OEY Th 5,

XA XE NERZIZAT 2 R10HERE R %
AFM THIET 5 L K8AD X H IZIFIFFERTH D =
EW D, TOFEMREICE 1 TRLUESERMET 10 K
M. &2 T 30 Bl & A Y& L AR S
5 EX8C, X 8D DX HiZhoTe, WEERE, Fl—5
BT CHESE-A A YEY FEEO AFM I X5
%% X 8B IR d, MEEEIIE —2 OE S 28 0.6 pm
IZH K5, SLOEE DB S, AN &
NWizhole, ZOREDFEIT OV THEFREIINKE
XA YTy RERO BICEBich—RrF ) Fa—
TR ST D TIERWN D & HEH L 7= 29,

XX T/ Fa—TIXFDOLDOEY BEENKT
A= M bEtTF ) A= LD ETEHED D,
FROEFEDO1LOESIZ20um 72O T, 2 b
E— 7 OERIIRNT FERIEa <~ pm D
2~3pum HH I I A D, LorL, 2T AFM ©
BHOBEREZBEIIAND Z EIZEDF /2 A—L

K 1. ~A 7 v CVD EOERIE KD St

Ib AR Ib AR

No.6 No.15

JiSC IR ] 10 FREfH 30 IRFfH]

AR PR 0.05 % 0.05 %
KB & 400 sccm 400 sccm
AR ViR 0.2 scem 0.2 sccm
~A 7 uiE 750 W 750 W
=77 25 Torr 25 Torr

FERR IR 1073 K 1073 K

(FREWEEE)




50 Science Journal of Kanagawa University Vol 18, 2007

8. A, EERTOMARKE. B. WEEE 10 FiflpkR. C. 44K 10 Frffpk&. D. 445 30 Rk E.

DIFFREENH TV W= IR T& 5, £/-, BE
% RBS-channeling 742 & 0 JIl7E L 745 R 2 @il
Liz& o1z, BEA LT EZOIELTES L TV enik
BtO XA ¥y FEBFRBIEE, a0 =
T E VWS TEBROERBNZHAE L TS, T
SIEH—RoF ) Fa—T%2HT D 20Ol 4
BELTELMBNTND, ZTNHEEELTI—
RN ) Fa—TRBELEO T W58 L
77

AARRE 10 FREF AR R B 30 REE AR R & K
T XNIE LN MM A FNT-, UL, 30 BEfE D
MO 10 KR L0 b/hSn, HEfEL7Z
HEHUIATH > TR, 7AW VICKDEEEIToTE
D, REIZMHE LT DR RIGYSOH BRI Y
MEBD RN TS, Eo T, Zh HHERER DY
DJFERITTT 2 OFEMFRE (K 8A ITRENTVWD)
DOMRNRDFERBE L TWAHZ LI b0 L Eb
N5, K 8A TIXR X TWARWEERE L T\ 2 M3,

HERE T 21O ORREN LR LT &b
%o SBERFEEE S DISHA L BFEST 57, 8
A A EANCLVERIME 7774 ML, 75
774 MEEZyF UL VEIY, FEmoOMhE
o R TER sy, myF I HiEe N
7R REHTH T EZBIEMF R TH 5,

2. T U NRIEIC K D RHE

b 8A, B, C Tkt LIciEHZ>W T T~
DHRNEEATH TR EK 9 1RT, WT gk
THHEAYEY ROFLWE—7 RBIRIZINLTEY,
FHEOMMOREITED bOD, HEICTAYEY
ROFEERKE L TWA I ENERTXT,

Ib EAR DA — A RBNEIT & 2 7

B VR RBEIEE I L DPE/BERNS b D
¥ MEHLOEBIR BRI 10 07T 7D &
Il otz, FEBRMENKZFICBIT HHERKRETH



I, M BmREL A Ve NEEORK &G OMIER) 51

210 ,ﬂﬂ
e e -

B00 1000 1500 2000 2500
T =0 AER o]

| —— BT —— 1088 ------ 208 |

1500 jﬁfﬁﬁ&
B 1 000

b

2000

500 /? \\
o“ﬂﬁf{ -\\m°

1310 1320 1330 1340 1350
4 =0 SRR o]

1 CEPA ------- 3083 |

[T

B9, pckRnl, 10 FERIRR. 30 RERIREMEID 7 < o 27 M ORIERRGE) & Z OIEKIK ).

V. TREEODPERIICORIERETHS, #E)
KEFDFEFOITHRPERAF L WX 23Kk E W,
ZOEFEDT T 7 HIER LT RV —F KD TH
Do

Bt
ll:ekﬂﬂ
Y

ZORITHBNNKRETOREMFEERAT D L5
MAL T LR —1F 1.7 eV IR 5T,

S5, M10B ITIHMmEEORE S %2 1 pm & RE
LR v — R v U T IRE O ERERFEZ R
T, X 10 2 OIRENE L b & — MEFLA TR
HENWH) T LT R U TRENSEINT S L
(RS L FEBSICK 10B IR & 9 IR K AR
X 10A & X OMEHANZ /2> T D,

RO 10C 121X 10B 2B B4 KFZICEK
JBHET— % O, KIREE COBMRHT — X &
KEHLELDTHD, ZhhbiEH b ¥ —
ZROTAERRLILY 1.7 eV 1T/ 5 Z L BN fEERT&
7=

ENEC]

AFM i L 2 BIERFEP D

X 8A |[ZRT & 912 AFM OHIE#E 57 & HERERT D
EWREFEROMMIFEE R NE IICEX D, LvL,
X 8B @ 10 FEEHERE (~0.7pum) X 8C @ 30 B[]
HeRE (~2.1um) OFREHI T I MBI SN D,
HERE U 72 HAGRBHE & B ICRR 22 BEI LB 21T > T
Wh, Lab, 30 REHERE DT 2 23, 10 WefH]HERE
KU G ORREITIZD DTN EI N, 2D Enb,
HERELARTIC AR R AT S LT 140 5 D5 Yl
B2 B MO AERIZE L L T2 ATREME L
i bns, RERREREGFUEEZIT>TEY, R
i DHEFREE I N K E L A D1 F EMMORE XA E

KRB EFEREINDINLTHD,
ZITRIZEZONDMMDRE TH D08, BF
5 < HERERT OO Hebk 22 17 O MR/ 22 MY S HEFE % 0D
MYDJRREIC R > TWADTIZ AW E Ebh s,
HiE . 30 WefHERE L 7= 3Bk st 24 D23 10 IREfH]
HRE L 7-RB e 2 DMLY /N2 72D Tl
WM ETREL TS, ZILH/NE e oM s
BRI REN TV OTIERVW N EEZ BN D,
Beo T, RANCHEA LT-EEEEASRL A Y
RIEROREOM LB, & B A& TN
& FEME S DHEREIE O SEMERR D R VN2 ST
Lo At T, BEAFENRER OIS S0 T A
FUEANCL O AR RERE ST 774 ME
LTIy F U 7 24T, O RIESRD % &
HEEDE Voo L R TRBMEIIRD,

T~ VO NRIEDFRER DD

Aal, 1 8A, B, ClZxbit L72ikE D 7 < 4y il
DFERNK 9ITRENTWD, WTFHD AT h L
% 1333 el O EICHOE — 7 BBl STV B,
Lot HERERTEENGRUREE, 10 RRIHEREEEL, 30 W
MHERE R DAL B — 27 B8 EE 2358 < 72> TV < 1]
WCHDZEN D, ZOZ EITHERGENL D AR
MDD I FEEPED BUWNE A Y REEERCER
KEMMOMEILH 525, BRI TND Z & % fd
D,

A= NVNRBERER? D

X 10A 2R LTWD K D1, SHFEDOFR— LV IHE
EORER., ¥— MEHUIRE IR CIE b= x v
F—2 1.7eV ORMREEX 2> TRV | miEEK
TlEy— MEPUER SR T 55 R L oo T D, 2
OEBIEZE 10B I[ZRT— by U THEEOH I E
BEERTEO 77 768525, X 10C O — k



52 Science Journal of Kanagawa University Vol 18, 2007

100E+14
A
1.00E+12
T 1.00E+10
e
e} ° sl 7
i 100E+08 m EFEEN
z EREE
2 1 D0E+06
1.00E+04
1.00E+02
ng 1.4 1.9
B E1000/K]
100E+14 B
100E+13 —@ 0
.
= 100E+12 —I—H .
£ A &
5 100E+1 B ok 7
e 100E+10 u st
£ 1. 00E+00 ] Rzl
T~ 100E+08 ‘ W ERETTH
+ 100E407 - LaERR
4 1.00E+08
£
| 100E+05
1 Q0E+04
1.00E+03 9
1.00E+02 T T T T T T T T
103 1.08 115 121 129 138 149 16
BEMoo/k]
100E+14
100E+13 C
100E412
100E+11
o 100E+10
E
5 1.00E+09
ED_( 1.00E+08
o —hEReUPEE
E ooy 3 — s
& 1.00E+06
.H-
o 1.00E+05
1 D0E+D4
100E+03
1.00E+02
1.00E+
1.00E+00
1} 05 1 15 2 25 3
B EN000/K]

X 10. A. Ib RO > — MEFLOEWIREKTE. B
bR D — b v U TIREDESIRE KR C. K
10B OKIREIK A& L7 T 7.

X U TREDHZ D OLROIZIEELm R L —1
1.7eVOETH -T2, ZOEML= R F—Dflix
HAXYEY RRIZEENDIERFTTO RF—L LT
DAY HENL, Bl HREH 5 TIZ 1.7eV T o7z
LA T D RT—H,LEZ 2 biLD, IREN
EHFDICoN, BEEICAS TWDHER R —
DFEFIMREFT B B2 R — B O L 57
BTEI--TWAHZEERLTWVD,

Ll SHICEIRICR> TRFIMERNATTL 5
LD T E VTR DR ERERE DS E O SR TE T
WHZ L EBIRB LTS, 72, w5 o
EH R TH L, BEREICHDIEREFNBEO R

F—BFEIT_XTREFICETF LIV, &FEMA
ROBMAPHTETCWDOTEHARV L ELEXLN
%, LML, IO 0fFMER A TE TV AHIRE
IR CIEEBR FIEOHETHRR X H1C, —I v
I AR D - DI R — VEROEEZET LT\ 5D
ZELHDHDT, TDOZLEDOEEBNE DO, N
DONEI DL ED THERBTLHIVLERD D,

T, 22 TIERARTWARWA, R—L ) BllE
DOEIZp nfEN 9 EFELHETWRNZ L H D,
HE EORESEZ EHIZHR LTS BLERDH S,

PR )

HA T KA 10 RefE £ 7213 30 FREff R &
e, WINOEEA SR E ST 2 B MM AL
Stz FERBESE ATV IR RIS LA
ZHY BRONEIZH B D T MMATER S vz 2 &
. ZORRITHEARE B H O THD &
EZHD, %I EHRHEBERRE BT 725
(X, FEREE OB X0 MM ZE D SRR
LRV, £, v A7 nik7 7 X~ CVD #EERE
HEOT T AR ENT D Z LX) EBER
TR E/RFELIL. LV EWH DT T X< E
FSOMENTEOND EBEZLND, D 20D
MEA RG22 LIk T, I ESmEOX A Y
Y REENEOND EEZTND,

F72, 2006 F 3 HICAFEREICHKE I N-HE
TRARA AU EANEEEZ A WD Z ik o TL Bk L
7oA &y FEBRIZIER -0V RR -2 EAT
LZETHEAYEY ROBKWIRMEEZELESED 2
ELAREE 72D,

AREBRTIX, 2005 FEENLEL OREER LI,
T XA YEY RERSOA — /L B E O R
N — DY, TV H Y YEEO FIAE ST LT,
WIZ, =7 F b CVD Ay HIEICL->THEA
Y E v RIS AR S A D TGN Ok &
AWPtRW/Ti 725 AWTi ICZEF, U XY Au U A
YOBEWAR T 4 v TNAREL otz ZOHF
WA T 47 L Au VA Y ERHWEZ LTz
T, RITERORITAR— AR E DL X
PEH U7T= 2 21T K o THR— VR EIAE DR BE 1T VEAE
IV HEHLE,

UL >R aMzl-2 Licky, EBRraek
DFNEDOFENLMEE DM E&1TH 2 & Bk,

L

Alal, ZOFEBREZITT DY A= R
EEBEZITIUD ETHEMEEEOWEFOT-OIZ, b
FRPEEBRED VY — o R F R S TEN



R, G A

7o Flo, AFVEANEBOLDOBEIK, BT
A= VR EIEE D 7= DB HKIERT 5729
(KRS 2 LR D% T 72, R L £,

SCHR

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

Nakata J and Kajiyama K (1982) Novel low-
temperature recrystallization of amorphous silicon
by high-energy ion beam. Appl. Phys. Lett. 40:686.
Nakata J and Kajiyama K (1982) Novel low-
temperature (<300°C) annealing of amorphous Si
by scanned high-energy (2.5 MeV) heavy ion beam.
Jpn. J. Appl. Phys. 21:211.

Priolo F and Rimini E (1990) Ion-beam-induced
epitaxial crystallization and amorphization in
silicon. Materials Research Reports 5:319.

Linnros J, Svensson B and Holmen G (1984)
Ton-beam-induced epitaxial regrowth of amorphous
layers in silicon on sapphire. Phys. Rev. B30:3629.
Linnros J, Holmen G and Svensson B (1985)
Proportionality between ion-beam induced epitaxial
regrowth in silicon and nuclear energy deposition.
Phys. Rev. B32:2770.

Williams JS, Elliman RG, Brown WL, Seidel TE
(1985) Beam induced crystallization of amorphous
silicon. Mat.Res. Soc. Symp. Proc. 37:127.
Svensson B, Linnros J and Holmen G (1983)
Ion-beam induced annealing of radiation damage
in silicon on sapphire. Nucl. Instrum & Methods
209/210:755-760.

Linnros J, Holmen G and Svensson B (1984)
Influence of energy transfer in nuclear collisions
on the ion beam annealing of amorphous layers in
silicon. Appl. Phys. Lett. 45(10):1116-1118.
Elliman RG, Johnson ST, Pogany AP and Williams
JS (1985) Ion beam induced epitaxial crystallization
of silicon. Nucl. Instrum & Methods B7/8:310-315.
Williams JS, Brown WL, Elliman RG, Knoell RV,
Mahr DM and Seidel TD (1985) The kinetics and
microstructure of ion beam induced crystallization
of silicon. Mat. Res. Soc. Symp. Proc. T4:477.
Linnros J, Elliman RG and Brown WL (1987) The
composition between ion beam induced epitaxial
crystallization and amorphization in silicon; The
role of the divacancy. Mat. Res. Soc. Symp. Proc.
74:477.

Heera V (1996) Comment on ‘Evidence of enhanced
epitaxial crystallization at low temperature by
inelastic electronic scattering of mega-electron-
volt high-energy heavy ion-beam irradiation’. /.

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

BAE A A YR REEO R & GG OMER) 53

Appl. Phys. 80:4235-4236.

Kinomura A, Williams JS and Fujii K (1999) Mass
effects on regrowth rates and activation energies
of solid-phase epitaxy induced by ion beams in
silicon. Phys. Rev. B59:15214-15224.

Williams JS, Elliman RG, Brown WL and Seidel
TE (1985) Dominant Influence of beam-induced
interface rearrangement on solid-phase epitaxial
crystallization of silicon. Phys. Rev. Lett. 55:1482-
1485.

Priolo F and Rimini E (1990) Ion-beam induced
epitaxial regrowth of amorphous layers in silicon
on sapphire Mater. Sci. Rep. 5:319.

Linnros J, Svensson B and Holmen G (1984)
Proportionality between ion-beam induced
epitaxial regrowth in silicon and nuclear energy
deposition. Phys. Kev. B30:3629.

Elliman RG, Williams JS, Brown WL, Leiberich A,
Maher DM and Knoell RV (1983) Ion-beam induced
annealing of radiation damage in silicon on sapphire.
Nucl. Instrum & Methods 19/20:755-760.

Jackson KA (1988) A defect model for ion-induced
crystallization and amorphization. Mater. Res.
3(6):1218.

Heera V, Henkel T, Kgler R and Skorupa W (1995)
Evidence for diffusion-limitted kinetics of
ion-beam-induced epitaxial crystallization in
silicon. Phys. Rev. B52:15776.

Nakata J (1991) Mechanism of low-temperature
crystallization and amorphization of amorphous Si
layer on the crystalline Si substrate by high-
energy heavy-ion beam irradiation. Phys. Rev.
B43:14643.

Nakata J (1996) Evidence of enhanced epitaxial
crystallization at low temperature by inelastic
electronic scattering of mega-electron-volt heavy-ion
beam irradiation. J. Appl. Phys. 79(2): 682.

Nakata J (1997) Enhanced crystallization of
amorphous silicon containing hydrogen without
oxygen during ion-beam irradiation at 310°C and
during furnace annealing at 450°C. J. Appl Phys.
82(11):5433.

Nakata J (1999) Annealing of ion-implanted
defects in diamond by MeV ion-beam irradiation.
Phys. Rev. B60:27417.

Nakata J, Saito Y, Kawasaki K and Hattori T
(2006) Research for Formation of High-Quality
Diamond Epitaxial Thin Layers on the Diamond
Substrates and Evaluation of These Layers. Sci. /.
Kanagawa Univ. 17:63-75.





