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ok, 60keVd N.* ZAIEWEAL, EEJ\HU&'CUJJE?“#N)E{B AR/R ZRIEL
ﬁ.iﬁi% 4 x 10'7 1ons/cm @N’&lOOnm@Alﬁkﬁi)\Lh% , ok 10¢ % O EH
BMBH3ERRTVSE. 20, Kidod *® It k- T800keVT 1.2 x 10'® ions/
cm® D No¥ BFARICEALL L EOBAERRE SR TVSB R, 5.6 x 10 Q-cm
LEED AIN (2 x 10" Qecem) VB3P CEVETHoELR_RTWVES, -
‘(‘ AIACDN;?E)\'CTF}&.LT;.AleD’%ﬁB{JJE#$%%%@ifﬁﬂﬁihﬁﬁkLtﬁ“:ti
AR,
N&AK%&LUOEALt%%@ﬂ@%ﬁ%%ﬂﬁ%?ém%mgvﬁOﬁlbt
MOBSHKIEE D THRE LI OIX19694 0 M. Balarinb *® Th 5. # b,
NNV DSI~DBBEAT L DEALEZE (SIMOX) BROT Fav—nb, §i,
Cu, Ti, IR EDERBBECBRI LV air & 0.5~2keV LIETHAF— TR
— F L, Isolating surface layers OBRE¥To/k. <A1 7 BEFTNA A~DIE
BELTESMBEEZFM LB, Al oxide DIEFHSE T 1-5 x10° Q-cm, BEEE
ARBEES x 10° Vem LEWETH o, EDH, J.G6 Perkinsd *O ~ 62 X
PTAFVEAFR TONMETRIAE -2 AV EABE 2 —BORENE S
C #6iE, 80keVTT.5 x 10'° ions/em® @ 0,% (1.5 x 10'7 0% ions/cm?) % AljE
CRHEALREEE, EHREN ~4x 10'° Q-cn & M Balarinb ORIV EWE R
BELL. SLIEEARZHLL, 80keV TR LE 10'7 ions/em® @ 0:° ZEA
THIETALDEHREE 100 ~10'° Q-on KRB LBRT. ULz oEERE,
RESANRy Z ) v 7 CRONEBBEL Y £ 10'-10° EVETH 5L bR~T
Wo. TO%, mEERAR >10" Q /0 Th3FET 30keV @ 0" BEALE =
EBBEERTVS. DS —F T, P.D. Prabhavalkard *” i & 5 & 2 &
5.&5@,%%W)%*4TV%M%KEAL,%@ﬁﬁ%ﬁ@%&%4ﬁ%j
B—7CHMELEER, EAEMN 3 x 10*7 ions/cn® CESETHEHEERIA LR
BIEERELTWS. LaL, 2OKEE J.G Perkinsd 9 ~ 02 BEE L&

_15_




BEEYRXDPEAESWETHS. ¥, AD.Yadavb® iF, 30keVd 0. £ A2 %
5 x 10'°~5 x 10'7 jons/cn® O CAEKEAL, BH—BEREME L HE L
AR, 4.9 x 10" ions/cm® DEABRTESE 1.9 x 10'° Q-cm 2/ L|E L

T3, ZOE5I, Al~DOEATHR LE Al oxide K2V Tk, 13I8 XHELE
DERBERBESHLTVS. |

3.4 LEEHBEEoRHE

AFLEALLDZTNAVIAEOTWAMREDRICSOVTIE, BEOWERGE
ERTVWB Y ~"" . 2D FVHELTH, B, Mo, Cr, N, Ag, Au RERF VD
hTns, ¢F%M%ﬁ/@&%ﬁ M?ﬂ@ﬂﬁ%%i?éﬁﬁ#%é & MR
EhTws®", : -

%72, Emmerrichb’® ik TAT5T651A1 6 & DIE A B REINIZ RIE 5 Mg A2 EA

%%%ﬁﬁbt#% M4ﬁ/&lﬁﬁﬂﬁﬁﬂhkﬁb(ﬁ%ﬁ@%mﬁ%#
b EEZHELTVS,

mﬁﬁuﬂkmmﬁ-mmm&w&&%xxyﬁxwﬁ%ﬁﬁ%énfwa.1
V. Chubd "™ 7% [2011A1A @ OWMBILEICRIET Ti, Cr A A VEAODES B

NIEHR, 500COT = — L THEA LA BRI BRILY 5 B LRI % s+
 BEEK, AMAETOCURBIDOETIEIT S & AR L. | |

3.5 zot

(1) ERBHEOBRK , ,

BHAHREZ b OMBTLAL, ERETHARVADRE BT L FHAE Y =+
BEZ LD OWENREFRR S, E%fﬁ(Quasicrystal)c‘:ﬂ?&ih’Cb\é_. A4V
ABEBOWTOEFROERBTOATVS. #lxiT, AIZEZEICEE It £ 4
Z150C T~10"° ions/cm® HEA LU CAI-MnHERKROBERBE IS TWE D 78

(2) M8 B0 [ ¥ 7k 0 R |
AZAEADHFFEEFALTCTAVICH LTRBMES S 2L, ULirbkE, @
RIRECRERER D> TASLTERVBEMBEBRGEDLZ VMZESHESC o
PIRBESN TS I, ALLPhOMERMBEIRMED TAS R, AT Pb* %
ALRAL I LI EVAIFRPHEIF RSB TES27 7, £z, AL OKEDEHE
EEED TR, TTKTRABRE Sat. % OHeR AR B ICEAT S L, Bk 0.8
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FEBERBOLNZZIEBFTEIhTNWE Y

(3) EAEFOHRKR

AL U M Th AN FER & LCHBERLEBEFERY ATh 3 &, HRLE
CBOEL (T2 baAI Ry ErR) RBLABILREORATVS. “0r &

Ph, AZFCEACLYHBRAZEML, T3 %m@mﬁﬁ%ﬂmbt%ﬁﬁ%
@F‘ﬂ%’ﬁﬁ»?ﬁ&%:}mrb\é“” 83

B % ¥, Tw:#ﬁk:v—trt7A®J:5tﬁ#;i¥§7—n?«s%ﬁ)\b, ZhEEBRREYF
THRBILEZITS &, @ﬂ:&ﬂ%ﬂ‘?ﬁﬁﬂ#tf&ﬁqﬂ%ﬁhé%%V%ﬁiﬁEuzrzl‘y_%':EfJ
BLTREETS . £k, NVY—B7AI=0 ABERLEBICESE B’ 44
VEEALEDDL, ﬁ%@@méﬁékﬁﬁbtEf*lﬁ@%ﬁEL#%Bhé

ZEP, BRI, THY, ot A A VEATExBA, %@@EL#%Ehég&_

BHEESNTVE®Y . B, KEBRTTORBETHER, MLIDOFETFIA
ﬁ%v%%v%m&,ﬁum?4zfu4$%¢&baém%ﬁﬁ%a,

(4) BHAT VO R

BT Ar, Kr, XeR EOBVWHIARFEEAT S &, EARBRSVHEE, =
BTH nBﬁﬂH%E®f%hlt&#/#wkﬁﬁzﬁ%mlﬁﬁm&Lfﬁ
H3 5z &#ﬂBnTW5MLhnﬁ,LHLﬁE¢A7W£WﬁthULﬁ+
kbar OBWEARBILDH 2. AFOBHRAEFICOVT, HHODYMEE» L H
BATABRECOBBEEAF L F v X ) v FECHNTIER C i 5"

] AT FEACELDEEYBOHE

4.1 #

i

¥§¢m@$ﬁ%k~wyﬁ%aLro4jy@xoﬁxﬁmﬁ%1mﬁmmm

n' BEETTHY, BAAMA L ORBCHT 3EHM, %ﬁ%%ﬁ%ik&ﬁﬁ&V

Al LTiFbA T,
#*ﬁ@ﬁﬁﬁ@%i/ﬁlfﬁﬂ@&gﬁﬁﬁ@%hﬁhf<5@&,Elﬁ
BREER~DFE AW L2MFE EE L Y, BEeBREXBILEWE®»BREET3 &
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SHRBACE, BROEFBELAS» TR ED 10'° ions/en® F— F— DB
EOBARELELT D, Tk, REHRFRBELLS, hE THES AR
D izhot. '

ELBB, AFVEAEBEED LA FVEARBOERICHY, BAL A0
REFPEROBEZRADIOREBREEANRTHEL 2o TE k. SIMOX (Separat.
ion by IMplanted OXigen) J:ll?’rz#:f:&’bé%ﬁ*a’%Si*’\@ﬁbié%‘SiOzE0)5'5}5}?.7‘4? ea
IRICHEYT 5. Zhiz, SIVENKBRAA LV EBREAFVEAL, HHASZ
BILEEBR L CETOEETIbOTHB U IOBADBREREEAL
BISRBMAFEIT T AZHTHES, ERCTHBOLNIBEBETSI0LEED
LERELBRBZ L IR EBHENT LS.

ETBT, BMTBA A OREZERYEORFEECILEKT 5 %32 h B
ERERL TS L EDEIRIE BRI BES S Mo

B R — 4%/%§§h%%¢6& BWELD LOBRBETFONM, H L
RMGDFEELILTEAL TV RRLERBBEORSEHED, BEERLAURE
BREND. ERERIC N, 0, C BEOKABAREEAT S &,  ERERECELY,

- Bik®, Rk, FUB R EONEMBEHRBTREERS.

_wmA%%ﬁ%m,&@io&ﬁmBJi/&lﬁﬁwﬁbmmﬁkLTEE

Eh5tY.

O BEFRAX—A F L OBOEH = XA ¥ — &:/le"/{tbtﬁ?‘%@{hiﬁ‘ﬂ%ﬁfm‘i
Hil, LAV ARBELEBTEES. ARAHBOAREERCTRIL, BE
DHEDA—F F—Cr 7 e2bhit5.

@ AWERELEVCHEORY, BEASRBABRTALIS. Sbir, #Hd
m%rﬂﬂﬁfé&ﬂotﬁﬁﬁﬁ@mAwwmmE¢#ﬁﬁE%ﬁﬁr§&r

CEBRD, HLOTEMBEEX T LS. ,

<D%ﬁ;%%%tbk,mmwﬁﬁémth%ﬁAmr%a Tiabb, #AMic
-ﬁAT%thiwﬁﬁﬁlﬁﬁ #ﬁﬁm&&&wﬁbwﬁﬁﬁﬁwmA%#'
ARTES. ‘

@ EREYBEY, LENLEILRBRI06B), EREBHIVEARICED

RENEBELLTROND. 20O, BERLCBBEET—F 1> 735 F ki

EREWRESRL, BREOBEUEOBEFTH S,

IDEICEB~OBRES AL EAL LB LAMAERIE, BBASIER S iz 0%
NAALEEALTRRT2EDALERE L A, A2 B VLT 4 2{ic &
>C, HILVWABHEZBACLDEELZ LIS, ' ' '
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4.2 NAFUEAICLS AN OB

AL~ONA F U BEARDWTHRERL S KRT X5, RFEUEHM (R1.4-1) ©B
WTHTTRHFRBITORTEY, EEFRE (K1.4-2) LELOFRBRRS
T3S, | e -

AL~DONA F P EAL EDAINOHRE S TRACHRE L0k, 197380 A A
e T D200 N—T Tholz. LIPL, MEOHEHRITER-> TV,

9, ALY (B FH) 22EF ULALE (150nm) i B, Ar* 2 2iC N %
?I]\L %ﬁﬁﬁ EBRENB LI OHLHMEE @Eﬂ:kob\f%%ﬁ‘ﬁ&ﬁ"f%ﬁ
o, ZOLED N OMETRIALF—1EL 10~50keV T, BAZE 1 x 10'F ~
1x 10'7 ions/cm® ThHhol. AFAVEAKRDAORERE, BEREHIHMT 3
2, NEAZROWHBHBELETFRET THON LR, EHE» 5 ITAIND T H
WIEEE LRV ERR. —F, P.V.Pavlovd ™ bNaClEM &I Ui AIFEE
~ B, C* N*, P*, As* RUYODOBADALA AL EEALT, HEALDALD S HEE >
EFREFHICEVAH L. Z0LED N OMES R ¥ — 1k 40keV T, HAR
X 6 x10'° ~ 6 x10'7 jons/cn® TH o, WHONFTHE T AN OFE R
BRBL, LrbThidkRBETRNER~L. SR -

0% Bykovra“’ i, 30keV @ N' & -100, +100, +200COEET 1 x
10'% ~ 1 x10'® jons/cm® A Lk, TEDASH T AIN RBRH ShAdbork & @
HZLEon L, Belyin® °7 4 4 x10'7 jons/cm? £ TO N2* (60 keV) HEA
T AIN BB ENB2 %% TED, TEM, IR WX AN bxE L.

INETOFETH, AIN OBRCET 3 RERBTREFICE B S48 F DI
TTONTETN, FiT AES, XPS, ELS REDHIFLELEBHE LEMENEE S
BLoRoT. Lieske 2 Hezel®®, Taylor & Rabalais®® LiIMET RN ¥ — 0%
%47&/%?@%Ltﬁl®ﬁéﬁﬁhﬁbf AESRJ\? FJVEIU#A»!&E‘B%%%L
| TOBREMD HAING R E B2 L.

DI EFOSEL LR, EARBORESEL L VB XL X — —1k, %gﬂilﬂ:%
A TE . Kidod *® 1Z, 700-800keV a;a;:nfx:ﬂ/ﬂeeco N:* 2BHNWT, #—F v
PELTHEORERICRD>T, N7 DAY - b~DEAZHD TREE. L

- »L, 1.2 x 10'° ions/en” bOEREZAIRICEALELE b 22D LT, AINOTER

IEXRDTHER TEARAMok. LIBZBEORRBUEIN—FN, BELEALEIZ180

keV® N.* % 4 x 107 ~ 2 x 10'® ions/cm? &A'ch%%, XRDT AlN'o%Sa%E
- BRHTELELRELTNB?Y,

- THEZHRL, Rauschenbachb®"’, ¥ XU Singhs°® &, wW¥Fhb 1 x 10'°
i-ons/cm2 EFTOLEHEALTY, AIN OFBREFERLELETWNES, Rauschenb
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ELAT A ~D N AAVEAG CREIER

Energy

Hardness, Resistivity

Date Reséarchers . Substrate Ion Dose Characterization ref.=
{keV) {ions/cm®) :
1973 Kitada Al films N* 1050  1x10'*-1x10'"  TED,TEM, Hardness 37)
- Kamoshita (150nm) : Electrical resistivity
1973 Pavlov et al. N 40 6x10"°-6x10'"  TED 89)
1975 Bykov et al. Al films N* 30 10'%-19'® TED _
(70-100nm) ' (‘100,?100,+200%3) 90)
1978 Belyi et al. Al films Nt 60 5x1016—5X10]7 TED a1y
1979 Belyi et al. Al films N:* 60 Bxl0'°-1x10'*  TED, IR 57)
(100, 200nm) _ Electricaliresistivity .
1981 Lieske AL films N:*  0.55 AES, ELS 92)
Hezel (1pm
1981 Taylor Al films N2t 0.3-4 ~1x10°° AES, XRD, UPS 93)
Rabalais (100nm) :
1982 Kido et al. bulk Al SN2t 700-800 8x10"°%-1, 2x10'% . RBS, XRD, XPS 58)
Sheets Electrical resistivity
1983 Rauschenbach Al films _ N* 50 1x10'°-1x10'®  TEM,HVEM 94)
et al. (200-4000nm)
1984 Kimura et al. Al fillms  No* 15  5x10" TEM, TED 95)
1985 Kido et al. Al films . N2-* 180 ,_411017~2x101é RBS, XRD 96)
' '(1-5;£m) ' :
1985 Anttila et al. Rolled Al Nz 300 1.8 x10*® NRB, RBS, Hardness 97)
1986 Singh ot al. Al fills  No* 30-110 10'7-10'° IR, XRD 98)
_(250~300nm)
"1986 Boretz et 21. Al films N2t 40 1x107°-1, 5x10*7 TEM, TED 99)
(7000m)
1986 Denanot et al. lmm N2t 80 10'"-6x10"7 TEM 100)
1987 Gautier et al. Al films N+- 10 ~10'® XPS, LEELS 101)
1987 S. Dhira _Bulk Al N:*  50-150 1x10% "-2x10"® AES, XPS, XRD, IR, TEM, TED,
M. Iwaki "~ Sheets
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F1.4-2 Al ~O N AFEAH  (GREFRLIE)

Researchers

Electrical Resistivity

Date Substrate - Ion Energy ~ Dose Characterization ref.
(keV)  (ions/cm?)
1988 " Chatterjee Al filns N2t 10-40  8x10'7-1x10'® HVTEM, SAD 102)
Batabyal- (35-60rim) 103)
1989 Lucas et al. Al sheet N2t 320 5 x10'" .NRA,RBS,SEM- 104)
(Imm thick) 200 4.4 x10"7 ) :
100 2.9 x10'"
1989 E.Ma et al. Al disk N*, N2 100 1x10*°~5x10'7 Abrasive wear resistance,
' {(4mm thick) - XRD, SIMS 52)
1989 McCUNE et al. Bulk Al - 'N',N.* 50,100 (1-8)x10'" RBS, PIXE, NRA, AES, . 105)
TEM,EDXS,EELS
1989 Massiani Al-Cu alloy N' 15-80 4.6 x10'7 Corrosion behaviour,  106)
et al. SEM, AES -
1989 Okada et al. = Al based FRM N', N." 90 2.7 x107 Friction and wear 51)
1990 Lucas et al. Bulk Al Nt 100 (1-20)x10'7 . NRA, RBS, LEEIXS 107)
(2mm)
1990 Rauschenbach Al films N* 50 5x10* °~1x10'® AES, XPS, EELS 108)
et al. (300-600nm) : '
1991 Goltsev Al-Mg alloy N:' 100 10'°-1.5 x10'" "XRD, TEM, SEM 53)
et al, Microbardness
1991 Guzman et al.. Al foils NNt 30-120  1x10'7-1x10'° XRD, SEM 109)
(0. 5mm)
1992 Jervis et al. Pure Al N* 200  10,15,18,28x10'7 RBS 56)
: 6061-T6 alloy 100 11x10'7 Hardness '
1993 Lin et al. Al films N* 200 3.4 x10"7 RBS, SIMS, FTIR, XRD 110)
(450~1500nm) -1. 84 x10'® Resistance

1994 Lin et al. A1-0.85%Cu T 400 4.3 x10°° ASR, FTIR, RBS 111)
-{700nm) 350 -1.5 x10'® ‘ '

1994 Calvo et al. Al-1%Si Nt 150 2.5-5 xi0'7 TEM, SRP, SIMS, ¥RD, XPS  112)
(1. 5z mthick) '

1996 Lu et al. Pure Al N* 200 1,1.8,2.8 x10**® RBS,XRD,TED,TEM 113}
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achB % TEM & HVEMAHICL Y, %7 Singhd°% ik IR & XRDAHICL 5 b 0

Thoi.
FO%Y, N4ﬁ/&AL;5mm®ﬁ&u%erﬁg<@W%mwténrw
699) 113} ) .
:n$?®4iyﬁlwiékmmﬁ%ﬁﬂmabméi5&,?—ﬁvbmﬁw
tMﬂ%%ﬁ@@btﬁﬁf,N»y®MﬁA@WEAf%%Em>MN%%&Lt
Bl E 77500, NW&@M&KL%MHﬂﬁﬁﬁ*&ﬁﬂ?@ﬁfﬁﬂT%é +

Bbb, BAMA VP EEBOBEREER S CEB SN2V &R, Al#&%ﬁﬁb\ '

TWOHIEDERABRBERE R I ERETHB.
%I T, Kﬁfﬁﬂﬂlﬂhﬁ%%%ﬁ@tﬁ%zL/%:ﬁaJ\?Zf) &*c‘AlNooAﬁjz%ﬁ
J’Mt_.

Mm@Nf%V&AKi%kW@%&&E%K,0&1&&5Ah&:®%&ﬂ0%

,r%%%énrmé.M«@@fﬁyﬁlmﬁbr,ﬁ%@ﬂ%m%iawt%%%-

R1.5 KAT. HPOBRE, SAISIPRBBEAFUEALT $i0: O BR B
BBEERL, TOLBITorEE: v Si ERRERCEFEERERTS, b
W% SIMOX (Separation by Implanted Oxigen) BWOEEEZ T T, BEA A
BEACL2&REXTOBRHBEOIMAT L TH o .

prm4z/ﬁA&EMkﬁ&Lt@mBﬂmmﬁS”fbé 5 Cu, Si,

Ta, Al L DO&BHEIZ 0.5~2keV LIET R X — —ODBRA A ERA—F L"C_

BRHZRUEBOBEEZT, TOBRKNKEEERE L. ALZSW T, R4S %
REDHHICE ST AlOs OHFESMBENLHE, BREMHER ~10° Oon &I&
WERBE SR, Z0O% b Perkinsh O ~52 110 KEoTREARLZ N A X
A, 80keV LABEIBAF LV EARBOMETRAT —FH VT, BB LEALER
1.5 x 10'7 jons/cn® OBIFEZ A Ltf?"% ~10'° Qcm EEWIERRERE S
N, ERE~OBRAAIBBREOERE L3 & &% RO, ¥, BAZO
Jf%:akolﬂ“ffi TEM, TED KX o>THHShie. Lhal, EARIEHEL 10'7 ions
/em* ETT, TRBRABEOFMADLTHY, EALEBREO ST ET 55
ViR drok. | S o

T D%, 10'° ions/cn® BOLEEARITHLR S T S ode. I.M Belyib®7
m,%%Lkmﬁu1x1m8mmkwam&&xu1@?&1%@%%%%ﬁb
TR, Perkinsb O ~°" 10 (gm ) MR HBEETHD LB, &b,
Chereckdjian® ''® % 2.3 x 10'® ions/cm® k%%@@%&]\l:ibﬂ:%@%ﬁﬁ
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F1.5

A1m®04¢yﬁlw,

- Date

Substrate

Researchers Ion Energy Dose Characterization . ref.
(keV) {ions/cm®) :
1969 Balarin et al. Al films 0.5-2 IR, XRD, EMA _ 7 " 59)
Electrical resistivity
1970 - Perkins Al films 0:*  50-100° 7.5 x10'° ‘Adhesion
Collins ~ (200nm) 60)
1971 Collins Al films 0" 30 10'*-10'" Electrical resistivity 61)
Perkins (200nm)
1972 Perkins Al films 0:* 80 ~10'7 Electriéal_résiétivitj 62)
' (200nm) '
1973 Stroud - Al films 0.t 30 - Electrical resistivity 114)
Perkins {15nm) TED, TEM, TR -
1979 Belyi et al. Al films 0:* 60 5x10'°-1x10'®  TED, IR 93)
(100, 200nm)
1984 Chereckdjian Al films © 02 50-150 (5-23)x10'7 - RBS, ESCA, TEM _ 115)
¥ilson (250nm) _ ' '
1985 Musket et al. Bulk Al 0. 180 (1-16)x10*" AES, RBS, SEM, TEM 116)
1986 Musket et al. Bulk Al 0" 180 (1-16)x10*'" TEM, XTEM, XSEM, RBS 117)
1986 Prabhawalkar Al foil 0:% 30 (0.5-5)x10""  XPS, Optical micrograph 63)
et al. (0. 5mm) Sheet resistance :
1987 S.Ohira bulk Al 0:* 150 (1-4)x10'® AES, XRS, XRD, TED, TEM, IR
M. Imaki - sheets Electrical resistivity
Hardness
1988 Yadav et al, Al films 0% 30 5x107%-5x10'" Electrical resistifity 64)
1989 Pavar et al. Al foil 0:" 30 1x10"*-1x10'®  YRD, SEM 118)
(0. 5mm) B '
1990° Bourcier 1. bmm Al 0:*  25-200 RBS, TEM 47
et al. Hardness, shear stress 48)
1991 Follstaedt Al foil 02" 50 1. 5x10"7 RBS, TEM 49)
et al. - 25 5. 7x10"*
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BTV, BALEBEROSHERMCHE Lic. Ho1E, U F Ficis LAl
WIHRK 2.3 x 10'° ions/cm® @OFEA L, OGDﬁﬁﬁ_%RBS'G‘; HAWREBEZESCATS
Bl . ' V
_ EBIT, Musket® ™' 17 3507 QAR S HWT 180keV @ 0.* A F v

- 1.6 x 10°° ions/em® ETHEAL, AlL.0sOMWMETolk. #bit, HEALEODL
MOREICAESE A, EARKENELEE L. A, RBS, SEM, TEM &2 X 0%
AW BTV, ALO:OTBREBIE SV THH L. |

0%, KESandiaE I RFTOF A — 7 b, 0EA Uik ALR IS 0 615 4
OFMMEE PLE LERERH B ~19 o :
AFRTE, SETCHRESREFTEAREELZVEASO0D5T, Al0:D
B E R L. |

B5H AWEOBMEEGHER

5.1 AHZEOHN

AR, EEBLUVBRA A VEEALETAI =Y AREEHORERB O
BB L EOHAN, ERHEEEZIOLCTEILIEEY, fFVEAEZRN
BB OROREECE T AN R B3I L 2AMELELDTHS.
AEDOBHBH L FICTRT.

u)7wi:7A®ﬁLwiE&E%abr,4ﬁvﬁxﬁﬁ%mwrﬁﬁﬁ(m
”mmkﬁﬂi)@%%ﬁl@@%%iy%7wi:¢A§EKEAT5:&K
£V, BETAI=0 L, BIUOBIKTAS =T AR BB LE LTEETER
T5. EDED, BAM A OME=FAF—, BABZ P RELL, BRe
BERESTT 5. | '

(2) TAHVI=VAERRERBIVBEAAF LV EZEALLLE, LOEREBICW
RENBERTAI=D A, BEOBT A =9 Mo WE O Rl E S
THOELET D, Z0kd, BREFCHE LEBE S ROBBN N, #AERIE,
REREREORAHBE L HEINBBERNVCSANICTHEMT 5.

B) TEMAABBRICATI LB TEBIIE, B3 CREFBELRERS
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e

ﬁﬁfiLCD/r7&‘/&)\%&%%}%““(%%471“‘/%1-:)\1,7*:%%%&:01,\1%, 7 4% 7 7
MmEITS. Zhicky, ﬁ%@ﬁﬁ%%ﬁbﬁ:%%ktb&btﬁﬁBI%B{J%UFFJCDEI
ﬁb'ﬂt%ﬁﬁj—é

(4) TVI=ULERORTREBOERMMERT L LT, BAEELR L OBRRNE

M, BLOERE, MELLOBIMBHEELA AV EARGENESERRLT
BT5. ZhiEdk), AFVBEACLIVRERE LATAI = A 0T 2N
HORBEERET 3.

G) AFVEAOKEHL LT, BEBROMUEE LTOA 4 BEA SRS 40
15 BEa-F 4 B EREOBERCHERDY, 44 EARE
RBEBRHENE VI REARDS. MELBAESEBILICLEY, “hbOBE
FREBT B LR TEENEI DERNT 5.

(6) Al~DNB L VOA F HEATHENLEAINE X UAL0: L 2B OB 2 2 it %
MABEBI, BEARCRLELZTY, BAZROBNN, SEEEOTLAE &
MY 5.

(1) RROBLBOBERILE BN, A A E—ACLET =Y VS ERET 5.
AFEATEBR LIEALOLA MBI, ERBIXALE D0 4> 5B @
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R kﬁ%ﬁh‘fﬁETJI/%i%)\LrAle%’ﬁEﬁ%%%ﬁﬂ‘é
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3.1 £ B
3.1.1 RBOKER

4%/&Akﬁwtﬁﬂﬁ HK%%E%%@Mg#%kiumﬁﬁmrﬁa

Al 3 iRl B 99. 99% D FEHE L7 /2 & Inm DAL, iﬁ_ﬁ%ﬂﬂﬂ%ﬂ{ﬁ%ﬁ U T bkt
MBI (111 CRESCRLMBBT, MELLRBOKE S2H 1 x lon’
Yl BRELLT, TREMRUM) ZnnxcF Lo CRBERES STk,
A AV EAE, BIETHAFOA 4 EALE RIKEN 200kV Low Current Imp-
lanter ZHWE. ZOEBOBEEFE2.1 oRT. 4’71‘/%‘5!\.0‘3: 2.2 L/T'?"J:
5&%%&(M)ﬁﬁﬂm%ﬁm,%%41x&1@%Am HMENH2EHEAL
TRERBIR LD A AV LER, BIEHLESA AV O bEBAMLEERSFA 4
«’mf)%ﬁﬂk%%bt,_wk%J%/t—Am%%?5£ﬁ®ﬁﬁm 3 x
3cm® OF A XThHD., EATOREAZEO KIS ILH910 Pa, N:* A F > @ing
THRAE - OFIFAE 50~150keV, EARIE 1x 10°°~1 x 1_0”:ions/cm2, Tihb
'Bzwﬁi%#ﬁw+4fyfﬁ%#63,MEi$w¥~ﬁ2wﬂwwi?zx
10'°~2 x 10'® ions/en® IEEFHEALEZ LiTET 5. 21’73"‘/1:“.—@@‘%%%5
m,Mﬁlﬁw¥+miofﬁmf5ﬁ,ﬁ&%&&%pﬂm @ﬁﬁf%ot
ERORE BN, ANETOFERTREA LE S, JX/E-A%ﬁkiém'
&, &A¢®ﬁﬁmaﬂ§ﬁfiﬁmBﬁﬁwcuébrmt.

3.1.2 HiHAE

AFEAENTE Al%@@éﬁﬁ, BERE, RUERBECSVWIEBOLOHE .
Tof. ' .

T, BAShAEAF VORSFRONH & ALRIRE OS2 REEREET PRI D
- AES/ESCA REHHTEIE (5904/64E B) Z2HAVTHWH L. ABSK L B3ESFRDOL
A, SkeVOArA AV THEEA Sy F YU ILAND AL N, 0, BEV C 0%
ERICOVTHH L. ﬁé@ﬁTmﬁﬁ¢®XNya)/ﬁéﬁﬁbﬁmtbz
Ny Y TEEETRRL, ﬁ%ﬂ%ﬁﬁﬁi%%ﬁéb%&wtwkf /x@ﬁ
GRREBALCTHTBRELL LTERLE. :

Fiz, KPS EBHARBOIHIT, XBWE LT Hegka %merLN;xx
iﬁOKOWT@%%I%»¥~%MELt.%ﬁ@%&9}»®E—ﬁm,MF@
i 271eV © CKLL O E—~2, XPSTH 284.6eV @ Cls DY~ 2 L » THE L.

RiC, BEAROAZBORKAMBE, BFTHYUXREFTEE CXHBEIC 50k,
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T

2000ADCuk o RE BT, 0-20IC k5 XMEH ¥ - 2MELE. 27, B

FERERORBOEMII D> TH, TrhAF ) —ARECALER & BRET 5
CERREST, BABOBEZEE LTAM, MBLE. Z0X5ic LCHELERE
DEEBE, BIUOETRENIX, AZHMEFRN H00 SHBHEEBE BV CmME -
BIE 2006V OEFHRICL Y O4F L. i o |

B, AN R Al-0 ORARBEBSBEDIC, FASEICE D BRILX <7

CAERELE. S, EX%%%& FTIR #B A2 WAL, ATR(Attenuated Total
Refrection: ﬁﬁﬁ#]ﬁlﬂl?ﬁ)fﬂ‘o . '

3.1.3 BALEAT ORGOERSE

AFVEATE, BRBEEMH TSI LKLV ERFIBALLET 0 S5% %
LABZENRTES. &)\LT_/f?J'/d)ﬁﬁ@%IHJ{E%E HELEET A RO
Tal—arikiTof. _ :
BALIEAA DB B TB) & FiTh, ANFHIESLTBALLE

CEEE TRERE) LWERD. @i, BARERICHTEALT S ORS A

i, BATBA AV OMEA, MET XX —, HARLBEAM S DA EER
WFPHTEAHZ LA J Lindhard, M. Scharff, H.Schiott iz &t VRRBEhTBY,
_hﬁ3@®EI%%koT?wSﬂ &Wﬁhfwés”.?&bE AL F
¥ ¥: 3 ﬁﬁmﬁﬂiﬁmamﬁé%x&ﬁﬁmf LSS MR THASh S EHRE
M Ro & T OBEFE AR &Y, &1r$zen5ﬁ&z%ﬁf&ﬁéné
C)= N (27 ARp*) 7'7% exp {-(x-Rp)*//2ARp?}  +-reievevens (1)
IT, N RENEREYOOEAA LT L ETH S, ¥ﬁ¢m@$ﬁ%%m&e®
&ﬁﬁwﬁlﬁﬁ@ IOATAZHTEY SN, TRETDOEZ HENE L i
BL—HLT& . | , _

LHL, GRERFOBAMA U SHIEBT ARABEMEE, LIZLIF LSS 3
MTFRENS Rp XV bREMCTH IS LBRBEATER. ZOBRE»D
@fﬁﬁﬁl%#ywxﬂy&uVﬁﬁlé%ﬁ%ﬁ@ﬂbﬁb%%klorﬁt
bahd. ZTORNRyF VL 3EH BB B O F b B~ D B IR0 b
AUbhTE ) RIEBREEACIRERCE A,

WE, BASAURERERTFE — %LGzﬂb&mgﬁxém5aﬁﬁ¢nﬁ
ﬁbwaﬂ§E#B®%é%ykbt&l%i/ﬁﬁﬁﬁﬁ KDOLSICHMES R
560, :
COI=M/1) fob (27 ARD®) ™*/* exp {~(y-Rp-2)°/2A4Rp*} dz- - (D)
TIT, LEBARyFRIVHOhIZRBESTHY, A4V 18% ) pEH =
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Ny ZFHFH Satoms, ion) WKW EoTHES. , _
OO, RERFOAAy FRKCLY, BAS TV OBRENAIEL, Ay
FHE S OWMEL bEBEY— I NBEREERCBITL, 0B S IKE R
TELLEBEMEND.
AMACBT DEALLEN F LV OAFTOTHBRERE (Rp) , BLUBHE T
@Wﬁ%@tﬁ&&lﬂ:%?—&:léﬁﬂﬁ*ﬁ (StOpping power: %k (dE/dX)n, (dE/
dX)e) I%, LSS Eim & EM L L E-DEP-1 o — F®V 2 v TEE L.

3.2 # g
3.2.1 #Ea#H

B2.3 ik, MEANOAZHERBFEICREMRAF L BEADTIAF—ETHS 100
keVOZERDFA > (N27) £(a)5 x 10°°, (b1 x 10'7, (c)1 x 10'® ions/cm®
AL EDMBRAME AES THELEBELRT. ZOmARMEIR, 50keV
N* & 1x 107, 2 x 10'7, 2 x 10" fons/cn® WA U Z b iCH RS 5. Mo |
ARy FYYIBEER LT, RMRFFERLEL > b 0T, BEFAKLLY
NOBREREBELT B L BORES, OBAAOBERERE T ci— L CRE
L. BEALENOSHIL, E2.3(a) AT &5 ENEARR B 2 ORI,
AYARBEBRLTOD. COLS BHMRS OXRBR TR SN, LSSHRT
FRHENIHMELBBBV—FKERT. —F, H230b) CR¥T LS NEAER.
WL TWS E, BALZNO R RBEZBHOABEICEEL, BASLL L ONTH
BAYAZAHBOHN, LSSERTHTACERVERROS G LBL5ILRS. -
é%h_, ALENDOERE D NAL> 1L kﬁéi?k%ﬁ&]\%ﬁo(&*( L, 2.3
(© KATED IENBEAIBEZBICEA DT &R, NO ST ERARE T
fafL, %%%kﬁ%@%ﬂ@ﬁ%ﬁﬁﬁ%k@@bttEbnéijﬁnﬁﬁo
BHEBRTEORPM 5. | .

£, TOBAIFIEALE NOfic, c&:oﬁi%ﬁﬂjénrwé. iz, -om&)\% |
BELRBEY, AB~BRALTOOBBDENED. ZODBAKCOWTH
%4%?%%?5%,ﬁﬁ@m%m6®4¢VE—Ai%yyﬁmﬁmfé.

COLIREEEARCRDOLNINOBARSHTOED, BLIUBREORAL V-
EBEE, BATBA A VDI RAE - RERETENE I DERMT I LD, &
ALAY No* DEFNLE—DOFHWA (150keV) &KV (50keV) KKOWTRED
FET>7. ZOMREE B4 BEOHLE KAT. ZOMR, NOBRRASA
 DEBHEOVWTREARORSEAEDONE. $k, BEOEATABESINO M
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SPUTTERING TIME (min)

ATOMIC CONCENTRATION (%
)
o
P

E2.3 100keV, N.* AXBEALEADASIE L3 EI S AOERSH
{a) 1 x 10’7 N* ions/cm? '
(b) 1 x 10'* N* ions/cm®
(c) 2 x 10'® N* ions/cm?
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(%)
8

ATOMIC CONCENTRATION

SPUTTERING TIME (min)

B2.4 150keV, N:° A A HEALKAIDARSIC LA FROBKST
(a) 1 x 10'" N* ions/cm? -
(b) 1 x 10’® N* jions/cm?
(¢) 2 x 10'® N* ions/cm?
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ATOMIC CONCENTRATION

C S

ereanamae Rty Bttt | T.'F_"_ LT

Oo 5 10 15 20 25
SPUTTERING TIME (min)

B2.5 50keV, N2* £ A4 EALKEAIDAESIE | STEIFmMOMBRE S
(a) 1 x 107 N* ions/cn®
(b 2 x 10’7 N* iens/cm®
(c}) 8 x 10'" N* ions/cm®
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FNEF-RELRBE, AINBIBECEBAT S - & bEHEEZEI W,
3.2.2 HERkee

ALENEDHEERBETRRDIEDOI, BABORED LTS FH~DAESI 2 k
NMORIBE, BLUXPSRLs M SiFic & DEFRBIESOWTODERM ARSI
E , '

BI2.6 (X, 100keV® N.* % 2 x 10'°® ions/cm® & A L7ZAlR & % 5keVOD Ar1 #
YCARNY ZLRDBOEABEN > THIEL &0 ALQLYY) 3L ALKLL) @ AES=X
N7 IAVORBERT, 2RAF—ERHT 2MABE dN/dE OBMEBRER LT
HB. ZoOLEo AL N 0 OSTE, B2.3(c) KaETS. CO®RREERD L,
REFBEA~DRNRy Y vV BEMOKIB &0, ABSR -~ bﬂ/@ﬁﬂk@:%{bﬁiu
TWHDRbMASB. '

-0 5 20 30 40 sputtering
S54¢eV
57 60 68 68
| AL(KLL)
T 321 | wer || e
1339' | [l 1342 ’ 1343 ‘ 1347 1349
1356 | | 1357 1358 1366 1368
371 13741 1375 1383 1384 |
1392 1394 1395 1398 1399

kinetic energy (eVv)

BI2.6 NAALBEALEAOBEEFBICDOWTOAESRA < h O IRIEE (L
(MFETHRNF—: 100keV, N2¥, BAE: 2 x 10'®* N* ions/cn?)
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Y, ZOASHNICAVWEEBA -V THS PHI OF —Xic k3 &, £2.2 1=
Y & D IKEBALS L CALOHF TOALDKMTHS ALLVY) DAESE— 2 it 68
eV & 5leV TH B, &, Quintod ¥ KE2>THAL0:F TOALD V¥ — & A8
CBEERTBY, TRREDEALOGDIRAF -7 N BIZH L6V CH B, = L
5 72AL20: T TDALD B DAESK 22 LD U—Z7MER, &BRED 68eV DfE»
BECFIAF YT P LTWEORIEY 7 MC LD bOTHS. Kic, AIN®
TOAIDLZEY 7 MIZD2WTRSB &, J A Kovacichd *Y O#E T, AINA Sy &
BE» BB SR BAESA =Y F At 55~56eV Th 5. i, ALNGD KX HEHH % <
7 MVEXBTFRHERANY PALOF—F 05, AINDAESA 2 FA b LCHB SR
5 ALAVY) O E—2fHi%, 52.4eV 5L 58.6eV Th5: ThbbL, Al 1o

ABSANY PADE—s BT, £BRBO 68eV DEME AINHT 52~53eV K

7 bhL, V7 PRI~ 16eVTHD. TOX D RABSAASS hADEL T b,
ERAOEFRBEANOBRICHVEELILLEXLNS.

F2.2 AOA -T2 BIFTRAE— (B : o)

Compound AL (LVY) ~A1(KLL)

Al 68 1396
Al:0s 51 1378
AIN* 56~61 1389~1395
% 2.3 2BR

H2.6 DRRE (R/y #BHEA) KBTS ALLW) DA —Y=BFE— 8
54eV {%, PHID Al:0: COAIDAESE — 7 ff 5leV LB —KT 52 Lnbd, &
REOALIMIE SN TAL0: R > TW5B,. Zhik, REEBLEBICTET 5.

ARy BRSO AT bATRNE 5TeV O¥—7 1k, £2.3 io5 L AINE
RETHEPENG ALAVW) OF—V=BFTILX—HLBE—HT BT L0,
AESK X BBFRBALHB L, ZOMATANSEELCVNSE Bbhs. $7k,
BREMICR OGN 5oV DU =27 ZBPH LT 5leV V7 FLTWS. Zhidhi
BHLERBETELOOBPLTERLILERLTNS. &5, 666V D& = B
 @%EMmB®¢_91%%K%mT5E-&ﬁ&ﬁbTmé.%of,Zﬂvﬁ
EHBDAOBF IR, AN, Al:0s, AlO3EMNBELARERLSSLE2BRE.
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REFARWHANAy F LEBRATOE— I OBRELB L, ARy X
G 5leV OE— 7 ZWEBL, AINOEERELERARY MAREILBo TS,
SREMST, Bk 57eV 55 606V (27 F LTV, %%, 666V 0L =
SBEBMSNEEBANLDO A~ V2 BFE—Z WA LT 68eV Icv 7 FLTWK
5. IO ErE, ANy FEMAIOMKATOADOETFREIE, NEAK LS ZL
TAINBERENRERBIEHB B2 RSB, _
 SBRARNRy FREBIONCEL L, R PAOBRIEIAESE/NLL, &BAL
PHEDE =7 BEITRY, 57~60eV MEEMEh TV AIND 245 % Lo e
T RERLTVD. ANy FBOLELEEREABRERLTVS. A&
@, AI(KLL) @227 ML DORERKRE PHI OLBALB X CAL0:F TD Al (KLL)
DAEST — & ff, 1396eV & 1378eV, F 7/ F2.3 WR LIAINE R ¥ THES R T
%5 AL(KLL) O REME, 1389~1395¢V CHBLTHEE-RLEHEREZRLTBY,
AL(LYY) OB EHEL TN S, _cocl:5&N?IM:%*MM%%%E&@%{E%AES
AR CABROBB D RATE 3. |

BlED XS R, H2. 3(c) CDAIEP'CUDN@é}?ﬁ?@#%L_ﬁ}IE#Z)

2.3 AINDAESRA A7 FA DOV — /LB D (BEfr : eV)

Ref. " Researcher B AL(LVV) - A1(KLL)

65 V.A. Fomichev 9.6

66 J J. Hantzpergue 58 :

64  J.A. Kovacich 56~58 1390~ 1395

67  H.H. Madden 58. 6 '

68  A.G. Abdullayev 58

69 N. Lieske 61 1393

70 J.A. Taylor _ 1389.1 _
This work  57~60 1394~ 1395

B12.7 v, 100keV® N:* % 2 x 10'® jons/em® HEA LAIRBOEEF H DAL
2p, Nls, Ols DXPSANZ MAOBHREMETT. £, K24 WEA Sy ¥ N
LRI DMETINE—(, BLOETOERME (atomic%) 2FLEk. =2 TOX
Ay S, B2.3 BLUM26 OABSKIIBEFNO RSy X BRICHST 5.

_51._




Al 2p
74.6
T4 .4
10 sec -
74647\ 73-8
10 min
25 min

Nis O1is
403.2
397.4
—396.8
1396.7
(ev)

BINDING ENERGY

2.7 NAAEALERAOBEBEFBIZ2WTOIPSRAY Pk iBEL
(fE# =N F—: 100keV, N7, BEAE: 2 x 10'®* N* ions/cm?)

F2.4 XPSIT KB ER

Ar 44van 98 € (1s) 0 (1s) N (1s) Al (2P)
10 sec & = 284.6 eV 531.2 eV 403.2 eV  76.5 eV (Al20s)
397.4 eV

10.9 %  56.3 % 1.7 % 31.0 %
10 min %  284.6 eV  531.7 eV  396.8 eV  74.45 eV (Al20s)
(atomic%) 4.9 %  31.6 %  22.5 % 411 %
25 min %  284.6 eV 531.8 eV  396.7 eV  73.8 eV (AIN)

74.6 eV (Al:0a)

(atomic%) 5.4 %  30.7 %  22.8 % 41.2 %
Reference  CHez: Al20z: Al20s: T4.7 eV

(PHI 7°-%) 284.6 eV  531.6 eV

AIN* : 73.8 eV

* £2.5 &R

=52 -~




Al2p DREM (10secA Ny #48) OFEATXAE—(E 74.6eV 1%, PHI kK Lk 5
AlaOs DF—F T4TeV L—FT B Epb, ALIOEBALTVNE L & E2FRT.
WninA Ry FHOE -7 fH T4 4eV DIBLALRETLED LT, ALORAREI
CBEDEETHS. L, BRIy XETRBILILLS 74.6eV O ¥ — 2 28R
L, RbVIZ 73.8eV DE— 7 BHENTL 5. 2D 73.8eV D=2 %, £2.5
® J. A Kovacichd ** K X BAINE OB ACRAF~HE —BKFT B2 b, ALEN
&#Abrxméwmbrmékﬁzahé

Nls DBREBCRNS 250 —2 D5 b, 403, 2eV DPHEROLOBETLEE
LE2bBRB. fad 396~39TeV D=7 ik, AINDFAZIAF—ZHIEL, Th
CFEINBIAINE LCALERAELT VB Z L 25T, o '

0ls @ 53leV MEICRBI B E =24, PHI IL 53 Al:0s : OBATIAF—

5Mﬁevaﬁehg—&brw5.ﬁor,omuamiﬁm%ébrwaca
B s. -

BEDRREID, AIFIKEASRENZALE A LCAINETRRT 5 - & RERC
X728, HﬁkﬁkLﬁﬂ%M&FALf@k%%W&b ERE TLT@E?é
EEZONS. | - '

§Z4¢mmmxﬂv5%®ﬁﬁﬁﬁﬁmf,QN%%%%hAh%,MN&%%
LTVBETHE, A0 EBALTVAHALI 30.7 x 2/3 = 20.5%, AINE &4 L
TWHALNE22.8% T, total ALEIZ43.3%C%2 5. Z OEIX Al2p OHHFED 41,
2% & EE-KTB. - |

Tle, THEMinZA Ny FEOAESHHEL BT S, H2.3 OWEEEND
AL:42%, N:53%, 0:4%, C:1%ThHBN 5, XPSEEIME L ALSHHBIRIEL A ¥ —
LTV S. ZHPOXVEDHB O, ABSEXPSE THRBOSNEEBRALSZ - L IT
FBLBEXONS. ABSTHI0uns THBDIK L, XPSTHdme Th 5.

 H2.5 AINOIPSHAT XX — [0 hE  (HfE : of)

Ref. Researcher Al (2p) N .(1s)
70 J.A Taylor 73.8
64 - J.A. Kovacich 73.8~74.5 396. 5~396. 8
71 Y. Kido | 396. 8
72 M. Gautier 73.56 396.7
This work . 73.8 396.7
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3.2.3 ®EER

NEALZALEE O R BB FMT 52D, 0-208ICE5XQEYF (XRD)
NE—-—VEFRELE.

B2.8 1%, MEBERXALXF—~B50keVD N2¥ £ 4% 8 x 107 N ions/cm? #F i3
AL EOSHERBARBOET AZ - £57T. BHOMOEFC —s ofic,
100 CHhFrKEAMLE AINOEHC—2BEALNRD. LIHL, “hUFToRE
ABIZHLTHE, AN OFFC— 27 22 A PBRUSA APk, |
O OR2.9 ik, MEZRAAF—K100keVD Nt £ FUHE 1 x 10'° N ions/cm® 724}

BALLEOEBRBAIXRBOEFAY — v 27T, BHOAOEFC—~2 Oz,
(002, (102, (101), (100), (110 KERALEANSENSNS. i,
(002 PHOEFBENBIRIBENTEY, VWb cBIE M L AN & 5
ELTV308bMS. ZA%EH2.8 OMET R X —R50keVD B A & K+ 5 &
EARREFILR2VODBERACLEXTAWNORKEREINOIMNE T R A ¥ —
MR DD - ERRREND. o |

E2.10 iX, 150keVd N:* A A % SR EALKEALL & & OXRDEH ¥ — > 0
NEARKERERLELOTHS. NEARMN 2 x 10'7 N ions/on® & HBME
D@ TR, BHOABEOEFTROMICDLTHTRLBMN (100 RMAL
TEAINOBEFTBRARBMENTVS. EARESMHED 1 x 10°° Nions/cm® #P Lk
DT, (100 KEALAEY—RAbFRBMLTYE2, 20 (100) O
fiilz (002, 102, (101, (110 CERALEANSERNSKE. B2.9 0
CMET R X - B 100keVOBA L AR, (00 DI 5OEFBROBENKL, AIN
ORAEENEARICHED (100) 25 (002 RELLTVWIDORBOONS.
& LIWHEAEN 2 x 10'° N ions/em® 28 X 7= (c) T, AIN(O 0 2) mﬂoﬂﬁlﬁ'
P—Z B ALELLTHRNE, (002 OBEFHROBERB) LV EML T
POBEBTED. Thbd, AI~ONEAKLBWT, EAROEME I (0 0 2)
RESENLERBEOANSBR SNBSS EBEENS. “hid, BREIS
ANDRERBEEOFMAERBCEBEC VDLW S clBREALTNS - & 2RT.

—%, AESRIPSOMERRP L L OFEEREREN TV RALOBR YL, XRDCIX

B ERERok. ZhIZ, AL0:sBT AT 7 X & LTALE & HAING i 2 B 7E L
TWBEDEEZLNS. |

DLEDXRDFER D S, AI~NEALEE S, BAEOANAHBRENS - & itHRET
FEB, TOBHRBREIBEATINVY - E>TRRY, SLBRFMBEARK
LoTEETS. LBENEARRDPRVEEE 10 0KERLEANSETHERX
No. SHLEBAREHEMEETTOCL, ANORRF LR EREICRE (0 0 2)
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B12.8 50keV, No* £ 4> BALKALDXBEF
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(cps)

Intensity
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!
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B2 .10 150keV, N:™ A A HEALEALO X BB
EAE (a) 2 x 10'7 N* ions/cm®
(b) 1 x 10"® N* ions/cm?
(¢} 2 x 10"® N* ions/cm®
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KEEREALTWSZLREN LR, ZONDEEBEARL LIANNOEERER
B, BLXY AN OBERBEREITNOMET IA X —EEH T VTR TEE
+ 5. :

ELi, BEABOWMESEMITT 5D, EYERE*AVETINMEOBSE X
CEFREFELIIBERT LT o, CORBOERESE-TE, EABOX
EEBOALPBAEE - HLE., -
CH2.11 4, 100keVO No* 2 SHEBALR X CEEBALCEA LE & % OTENE & =
T, EA&EIX 1 x 10°° N ions/en® T, SECOSHMEN LAINO T R BRER &
NTVWBIEARTHS. ThEBETHL, AELEABEOEIXETFROBER
%mBE<%hmﬁﬁ%D;ﬁﬁV#—fétkﬁé.it,%ﬁmmmw&ﬁﬁ
FHVWEDOTREOFRMECZ L, IR LABOBESORY 1, EERORE
W, BRARBEOMBRLYOEBLSTBEEL LTEOEEBNI LD, AINES
BWF, BROBEZZFEBEICLTWS., Z07%d, AINERBETOKE X388k
FHNBHERD LD, BREEIPOBFOAEZEE 10~1000m OFREHR T &
BEENRS. |

e, TOTEMEPLHBITSERY, BEONEAK PP DL PFAIPICIZERD
NI, FERBEREINT, BAENRENFAILES LTAINEF L LTHEEL
TVWBbDLEbNRS. |

B2.12 ik, ZHBEBLIOEBBAIERENEA LEBOBEFRET ¥ — > &7
. E, TORFRENPOAREZERIEBOTHEES W EAINOR FERIBMEEZE Y
L, JOPDSH — F{E™™ & Wbl LA# R % R2.6 7T, |

AR ETH0.5pne ORADKERTH S, EREBALENEALE ) OEIFSH
—YRYYIRT, BAABAFNCECHT EOBRAEERLTVNS. —%, (o
DEREBALEBE~NEALLEFE AT -~ 255 L, AAHOBMET LERERIK L
&orwé.:@@ﬁ@%wﬁmbrﬁﬁﬁ%OHt%%,%ﬂﬁ®%§®EMﬁ,
TR, HTEEBITAINORES L B~ L, HEELEBSAINSER Th S -
BB ENT., TOBEOKEFME, [011] THE. LIL, ZoEEFEAL
—VDHRIETAP) - ROEVCFIROLNE. THRBROBRCES b 0x,
HBEVEITHOMEERLTHET 58, EATHRENZAINGESAE? L5410
DEEENRTEAIBRSBELCWEZEICEBEEZ2bN0 5.,




R2.11 NAALEALEAOEAEFEMERE
(100keV, N2:* ; 1 x 10'* N* ions/cm®)
(a) Z&Ed Al
{(b) B Al
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FAlOEF BRI

K212 NAAFYEAL

ions/cmz)

1 x 10°® Nt

#:

, EA
wh

Nz¥
(b) AlZE

2

N F—: 100keV

>
"

(m s =

Erg

(c) A1E

B
HHE »

b

(a) BT AL
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%2.6 AIN OBTEME d &

~ observed values - JCPDS card  AIN
% s & B % * | |
d (m)  d (o) dm)  (hkl)
0.2757 - 0.2696 0. 2695 (100)
- 0.2403 0.2490 (002)
o 0. 2348 0.2371 (101)
© 0.1883 0. 1805 0. 1829 (102)
0.1574 0. 1567 0. 1559 (110)
0. 1432 0. 1405 0.1413 (103)
0.1337 0.1348 0.1348 (200)
0.1191 0.1196 0.1185 (202)

2.6 OAE»ORD EFEHIE, a=0.308~0.309nm, c=0.497~0.5090m <
HoH. TOEIX, 27T TRLE JCPISE, BIUMOFEEILBFLEIh T WS
AINJE 2 P DdEL B LTY, BE—RLAEKERTLTWAEONRDMS. '

5&17Am®m%ﬁﬁoﬁ&

Ref. Researcher a (nm) ¢ {nm)

73 JCPDS{E 0.3111 0. 4979

74 Taylor 0.3111 - 0. 4980

75 Yanata 0.3104 0.4972

76 TItoh 0.312 0. 493

77 Pavlov 0.311:0.003 0.497=0.003

78 Belyi 0. 310 0.496

79 Aita ' 0. 4985 0. 005

80 Rauschenbach 0.312 0. 499 .
This work 0. 309 0. 497
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RLOBFHEBE LRV ETEMEOBEB L OETREFIC L 2 BBEF 0B E,
Eiﬁ@lﬁtﬁévbi‘?}t)\%i:ﬁ?iﬁié#‘bi’o{hé‘%@fﬁ*aaﬁkﬁﬁ<w@%&ii‘i‘ EBEEZDL
nBs MR, 7‘qu5'/—m‘%m&ﬂ#ﬁmm%ﬁ*éur"w—cLi9@'( E¥ oAl e
AN R FMOBBR 2RI LI TER LT,

AlERE T ORBCHE LIAINBEOF BEIZ 2V T, (00 Daw //(11 1)
A THHZERBESRTOAEHE®Y, ZHEFAIOO 1 1)EEAIND 0 0 1)@7»
LbEREBETHAIZLEZEZNIT, BRABREFMLLELLNL S,

Thbb, AP ENTAINO R BBE OV TH~S &, %2.1 KRR LR
L5 ICAlOR R fec TR E X ABCABC-- - » AINOFER#EE 1 XhcpT ABAB--

" THDH. AIDONEAR K YVAINBHRE SN 54, ML ABCABC — AB
AB ~NEHBB LAEZLIEARBN, TOLE0FNERRHEEORBEETH 5ALD
11 DEEAINO (0 0 DEARLERRRESECHBLEELLRE.

3.2.4 FAsk

2.13 1%, 50keVD No* %A LEALREORATILA S b OB R,
MM BERREEBRRAY AV THE>ThS. TOBRICLBE, X<2 ha0
BRENEARLECERLTVE08bh5. BF (QOBEAREN 2 x 10'° ions
/em® LIBEI LR WE AT, FK 680cn” & 920cm’ HEK2ODHBIL L — &
BROND. Zhik, Al-N BAEOEEREBHASS FALBPLS. HARR I~
2 x 10'7 ions/cm® @ (b), (c) Tk, EHEMD C— 7 R¥ERL, EEEAOr—
JEGPEMEN, TOMRBRE 940cn" HETETLZ FLTWS. &Bic,
8 x 10'7 ions/cn® OBAB® () TH, BIRE -2 O EILH EEEMICS 7 b
LT 880cn™' kRSB, Zok 5, &Aﬁﬁi‘%ﬂnﬂ‘é&:%or Al-N & o=
— RRZELLTHL . - |

R, K2.14 i3 100keVOD N:* #ZALZAIRBORABILRA 2 kL ONE
ABKFEUETY. TORARI MAERRSBE, Bd(a), B)D 2 x 10'7 ions/cm?
UTOBEARTHAINOEN Y ¥/ Mo L5 BBRERLTVAR, 1 x 10'°
dons/em® BLEEA L7z (¢), (d) TH, %K 850cm™' MiEic Al-N £&K k5L @
PREEHRBMASI MABRATOEORDNS. SO Lk, NOBARS 2
x 10'7 jons/cm® BLF Tk, RADHEICAINEERHFELTVANE, 1 5 10'°
ions/en® BLEDEARTCAINLABAERENL S LERBT 5. o

E BT, 150keVo No* ZHALTAIEBORIKIN ALY kL ONEA K G M
EELEFHRPR2.15 TH5. EH(@® 2 x 10'7 ions/en® OEARETIEA
T i 940cm™' TH 5 28, i@—:)\%ﬁi‘%nﬂjﬂcmé&ﬁﬁk%&ﬂ&iﬁi&ﬁﬁﬂfﬁ/7 L
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WAVELENGTH (um )
5 710 20

LS
[l }
=
Lo
—
—
=
)
=
I
o=
—
EAE (a) 2 x
(bh) 1 x
(e) 2 x
. ! . (d} 8 x
2000 1500 1000 500
WAVENUMBER ( cm—' )
B2.13 50keV, No* 4 4 EEA LICALOFRARILR RS b
WAVELENGTH (um )
5 7 10 20
Lol Ei/_\\\\\\aJ’"’“-f’//rq\\{1\*“j///
=
t: ,
— C
=
7y
=
= d\J\/
_ BEAR (a) 1 x
(M 2 x
{e) 1 x
(@ 2 x

2000 1500 1000 500
WAVENUMBER ( cm- )

B2.14 100keV, N:" £ FBEALTAIOFRARIRA L2 b2

_62'_

10'° N*
10°7 N*
10'7 N¥
10'7 N¥

10'7 N*
10*7 N
10'® N*
10'®* Nt

ions/cm?
ions/cm’®
ions/cn’®

ions/cm®

ions/cm®
ions/cm?®
ions/cm®

ions/cn’®




WAVELENGTH (um )

5 7 10 20
1 T T
o (a)
=
— | (b)
—
=
2
= | (o)
[a'
'—
AR (a) 2 x 10°" N* ions/cn’®
(h) 1 x 10'* N* ions/cm®
L { ' (¢) 2 x 10'®* N* ions/cm®
2000 1500 1000 500
WAVENUMBER ( cm- )
B2.16 150keV, No¥ A AV EALLZAIORABIIR RS ko
1.0 :
" |
O
=
< i
o
c
3
m %15 -
<L L

1 2 PR T

107 ?low
N ION DOSE

[ions/cm? |

E2.16 Al~DNAF L BEARLFIBIRA 2 b
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L, 2 x 10'°® icms/cm2 TRI2.14 R IZ 850cn™! 74 5%.

DEDRREEC, NMMAVEABERNABRINARY b (BEE) OBES T L
oL, M216 ERT IO RBEERKRE I ERDNS. ZHIt, NAFUEA
BLRERAENEML, AIMEEBOBRABESh TV - L IeET 5.

AIN B LT, a‘_k%ﬁ@%&kﬁ%:ﬁs;Ufﬁvyﬁalﬁfbst‘giie?z/.:/coj(%é
BRERLNVTVE®® ~*Y ZRizL 3L, Lo(Longitudinal Optical) ®— K 897
m~', TO(Transverse Optical) ®— KT 664cn™ OEMRBESH TS D =6 *
2, BOLTHE U Mazur®E 7 Ik o T, AINBEO R D E L AT N LM Ic @ E X
hrwa.%%;wwy”'“’%xﬁy&%“””’ﬁﬁ%btﬁM%ﬁ@Hﬂﬁ
MRTIE, 660cn AHEKTOE— FIREBBMNARS FARER BN SR TNES.
Fh, AFVEARLBOTS, LMBelyi% " OBE T 660cn’, A Singht 2
b 648cm™' LTOE— KTHBHZ LEHMELTOS. |
SEOUERREL DL, AFROA AV EATHER LEAINZET AL X —, (&
EAROBEZKRE, BLALLOE— FREMShE. TOE— Ficlk~, LOE— F
ERE LIS R, MICHBEBLRA Sy #) v 7 ChB LEBBESE® o
WERDD. - | |
CORBEAOVTHE, AINF~OBREOBALLIFBREXbh5. $4bDL,
Al-0 BRI L BRI — 271X 900cn™" HEWH 5w, MEBBAT S L AL-N
DLOE—FLEEL, ZA&F»%Em%MLL&%thé it,mwtgﬁ
DEVWKELZ3EBbEZE20NM%. $4bb, FHETRERALVZOAIEEFH VTN S
2D, MBR~ONA AL EAEZToLBELERY, AMBEILORNbH I 2 h &
BERonEBLVEZLRS.

3.3 % =®m
3.3.1 FAMACOBEBEBELHE

TR, AAVEALERFRELZIT CRTES I, BRERET L EELEY
BL, ZRXVX—%RkoTHLETE. ZOL X ORBEBERRLS D, EAA
AVBRERREPLOHORECRKBELARY, Thud bl BBV RABHH %
LS. BEAL A ORIV TI, FEHEFAL ACBT RSB F— L re
&LT&N@%ﬁ/&A&&T#L<ﬁ“6hT%t._ﬂB®%%F%ﬁ,hm
hard® i X BLSSER Y LWl S h, FHUSH L XBRBRL FHLBHE< —% T 5
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TEPRMONTWS., LHL, FHRIHEMCBOVTCEZOBEARITEY 10'° ions
fem* BEETTHY, BEAMACOREBICHTIERY, ERHBE L I ICERERE
EALRHLTITbh T& k.

INIEHL, AFROLOIBREE~DAFVEATRYEELHS L LAY
WMERERRZY, TOBAIPEESRD LSRBERABICLASHEELEORE
KHd. WHoT, HBOREDRERIBEZLAN T A0EBEAES EEE~DIELD
WCHAZTUEZRY, ZOoBEEFHBENDEA A EARIE 2~5 x 10'7 jons

em® LEALEAFTCOBRBERBHIEN LA~30%RETHE. b2, BEA

BEOEMIHVEABOBBRUBRESELTEIES, BEBEAMF VOB ARE

DPEHHORFREZBIZ2LIIREHTOAFICEATIE, BABOME, BB

PRI L EERCIIEETH - 7.

INClIoENT @
« NUCLEAR _ . ENERGY
do
SPUTTERED
PARTICLE :
RADIATION
/DAMAGE
ION \
IMPLANTED
IONIZATION ATOM
B2.17 BHE~OAA Y- LrBHOBE
c RQBFOEEBT RAF— () bW .
DEPOSITED #ﬁﬁ@?@ﬂ.}:éi*ﬂ/%“ﬁ%
ENERGY (de /dp) O
;; DEREFLHELEARA > 0 RS
(IFEWIMEMBIC X B A A 4k, B4
KEBRHEBYE, BLUBEALAL YD
EEHFMAERLH
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AFREBOTHE2 I~ OXRERTRLEL ST, EA LEND T ENEA

BEOLRORITRT O AGHETRTH, BALENAF L OBENEMOAlOE 5
BEEEET5PBERZRUALOBREAT S L, NOSHITEEOAIEE S 2 7o
VARMLRELT, TOLEMINOBREAE LEEBBROSFGERLE. T4
bh, BEROABREZEBLESBRONFALCEAT S LAINBHRSh, TR LK
ENERAEET, RPONZAINBEOELZFBMETE. 2RICHEALENEEALE
BRIV RAZHEBRLEL LTS, BBHLCERROSHGEZERTS. =
OLEWMRENZAINGE, AIENOKEHR 1:1 OAINE—HTH 5. AlNxG>1) & #
DEIBRFHLVHECAIMIIRL, BAZHCRERAINERFERT S, c0k5>hs
BEACBT ATV ORHRBRABE CRTFUCERVIETHE. “DO- b %
Mhbded, ERERLIEBEROKERITHo .

E2.18 i, MmJj/ﬁALﬁﬂwﬁﬁ%zn/ﬁ)/ﬁ%%%%ﬁbtwr%
BELEREZ2ZFT. By - CIRLSSEHDZ > EH L, E7FEAERITIESE,
BERBLGHEIT IR LD EEELE.

BEIEWEAR, TRbbREAFREIZ ANy A PERERCE Z3HLY, &
ALK#T/@%&%@#B%%%éT%k%EL&D,%n%¢ukﬁﬁﬁﬁﬂ
BogHhzds. AR EBRRVELEES, BEAMA L ORABEREARO R

mEFC R CHmMT 5. EAEOHMIL, EAJ?/@%%%E%%E@E%%'

E&%L(éﬁ: CHRTEBLIEIEB D kiaa-‘ﬁ?ﬁﬂé:né

LaL, ARy 2 Y 7L RECH VRV S EZESEERE A AV BREA
EREAENCEZZARTHS. #oT, BABFORKRITEESEHERTIC
HLUTIOERBUL LRI EEEADES ,Zﬂyﬁvvﬁﬁ%%%ﬁbtﬁx4#-
VM EEZEIRTNRIZR L RV,

I2 19 Gi?i)\ffz“/EE’LJ:%');w\/& Vo TR BEANAL ﬂ'/ﬁﬁ“%%'ﬂ‘é
;&%T?%%ﬁ%f%é.hw%%h%wfmuTmﬁﬁ%bt.?&bB,g
BEEACIVMBREEDLoTCOA v X ) VI FBEEATHE LS —ED 0.3atons/
ion Ths, BRANy Zizhw, EARL LY EREEIERLEY, 1505
BAMIILSSERIEEI RETHE. AR FERNI VL, BAL T VOB KEE
REAROHMCIEIEELS L CHEML, ﬁﬁﬁ?%ﬁ&ﬁmkﬂxé & BT
Ehs. LhL, %%ﬁl23~5@%%#%TTbtiokﬁl4¢/%Em§ﬁ

REZEZT, BBRIFEBRL TS, |
IOESK, CAMHREANE LESBEACEA AL BNEZICABTRIE
DANRyFY Y TEIDHIVRIVBRL, A4 VBACLEIBRTFRMBLEA A

AL BBELAOHRYRC L AMERBEANECSNIZ R HSE. ~0HD,
WAL AV DRSS HFITES %§<®£ﬁm6$wéhtﬁﬁzﬁﬁm6%héh
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(b) 50keV, N — Al ; BEAE (IE17,
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E2.19

(d) REEO S5/
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(RRy F Yy :0.3)
75keV, N — Al ; T AR (2E17, 4E17, 6E17, B8El7, 1E18)

3000




tv$<, _h6®%%m&m®4f/&xfﬁb6nt&14x/®ﬁ7x%ﬁ
DR EKREL RT3,

&R B & T, ﬁ%/\d)Cr"?Tl/fz]‘/Elk:?oh\'C% b T, 10'7 ions/
en® BLEQCrRTif 42 #FelC BAT 5 &, BENBIIN Y ANHEF, BABE
BERBECH2TY, 41FBTHIY HEL ETRBATHIZIEBRHEIRL TS

93}, 94)

3.3.2 N4¢>&At;émmwwmﬁﬁ
— B84 # v AWIE#HEEEE

AFEERHBETCES LEBEE L3 NBBEDE LS RMM AT O
REZRE, BEBCRTIABEAIORES bebT. HBCBEBLTE, Ay
FYULIERCEBBICIER, BARBCIZBAEIEYORBEANELS &
wWhhTwna. ' '

AFVEACLRAURERBCREETIREHNIIERET, B2 OEBRR L5
WRRCTEER BB RBR2ERTVEVWLITHS. BABOEBEEEID -
D, EABEFITEEREARFEREND I LABESHTVS.

AAVEAE, BHORBHEMET S LbboH, PREABOSREILEE
ERITHALHD. ZITH, IOXKIRAAVE— L LARBRELILEY
R, SEREACLBIENRM, SHABMOLDdORTBSE, BHELIK L 55D
R LOERICERLT, THBAFY - ARE/ARE (Self-Ton-Bean
Induced Crystallization: SIBIC) | &b‘j%fbb*?aaﬁﬁﬁ@%r}lz%‘:ﬁ%b >
OBRBEEET S, |

ARy BV TERPECE, BAMFVORKBENEARICIZIERA L TH
MT 27, BAALT ORKBERBMOBETBRESBLI A ERTFHRSNS.
DB, *%ﬁﬁ@%i/&lf%%b%h:SM%L%W&?&L@@&A@
OFEA —SIMOXEHF — BXx oMM THB . -

L Lads, AERERETHEAM S VEBESBHORES BRI T, NE»b
BERBRETBIZLERLE. |

HEALLENO ST, WBRHEVEAR TR YA SHEBRTEE, SEEAS
ToL, BALAYORBRHA T ABBSLANEBROSTEHRT 5 L 5 2 i
. IOXRIRNHOWRIL, SHCEALIEAAR Y XY VA Ic L D EEBA T
BOREOFH TR, BALEAFUB~ENORASHEBR LESRIE, —KkE
BRYRCLoTBHLEBRCLBLELLNE. BRSHBOBRERE LT, K
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DX AZ2ERBLE.

1) ﬁi)\th/fz-/#i EHE%@AI&%"ALAEA%%‘:W}&@‘é

2)§§£WﬁlhiUﬁHW%LmA%m@bﬂintF% ORI R W E R
ﬁt‘jj#;ﬁé‘eb EHIhs.

3) RRBREFENETILEWILT 5 &, @%ﬂt_&lLtN#‘iJ—%ﬁmﬂ%%ﬁ‘é‘Z}t

WIZ, NOEBRERBHICEET 5.

4) ZONOBE OB S, El%i/ﬁ%oﬁﬁﬁ@fﬁf%é?‘éﬁg%?ﬁéf%D
o> TNOBBFMITEBEFHTH 5. 7
5)hoiokbfﬁﬁbtﬂmmkﬁﬁlwANE&bTEHWHﬁB%%&ET%.
ZOXIRBEGE, I8 E'fﬁ‘yif—'-bm@n%faﬁﬁﬁ (Self~Ion~Beam Induced
Crystallization: SIBIC) | & &4 iF7. IO AEEFT LT AL, H2.20
DESTRD. ZOETFTNEB SR ERER, mA%mm SREANLBIEN
B, WABRMO»OFEFS, %%E%Liéﬁ%ﬁﬁ&8#54+\/?L

RLERBREEZDRS.

—R, AFCEATHATEEY R B RAF— %ﬁo#%%@ﬁk%%#é_,
L, BxORADEBFZREELS. H2.17 KARLEXIERDEOILERFEADRE
BWEAMEIN, TRCHVEBRES, BTIAW, FEEERCAEAEL, BE
DRGMRIBEENTENL 7 7 2L, HERECHESRNL S KEL bR TE
. LBLEED, £BRHB~OAL 3 EATE, AFECRLELS KT T T
7 AMERT, HERESBZS. —F, LUESI~OOPNEA THOOND BT ST
@ﬁ?ﬁi%@l[h%%%k%@%ﬁﬁ%%ﬁbBn‘cv\ézﬁ, IOBRILYLE L yITERE :
A@iifﬂ%%%fﬁ&<,%%mﬁétwuﬁEA%®7:;WﬁM§ﬁbé.
CORBERDBELRERD. REBR/ELEIEOVT, KEETS. '

3.3.3  AIN 0)%5‘55{‘.5[:33”'6 NAFUITRLX—DHR

l2&40®Xﬁ@ﬁF%k&bk EATBNA AL DT RAE—D RN LY
FEHENBANOKEBRECERRONE. Th2bb, RUBEARCTHETS L, N
/fj'/O):!:ﬁrﬂxﬂF BRIVBAINOBHERRRDREL, Aan &iﬁl:ﬁﬁﬁfﬁf)iﬁb\"
BRERLE. CORBEKOVWTEET 5. -

4%V&H¢t@ﬁ£¢m%ﬁ%®¢%m6$5&,Eﬁﬁ%@ﬁ%ﬁ&%n%
MY BLETFPORIM->TVBED, A4V EREFLELOBENHEYL, B
@%%@&&@##ﬁ@%ﬁﬁtﬁﬁené.%@ﬁﬁﬁﬁﬁ@m%w%-&b('
Hi0keVTHDZ DT, bLBRIC LB XAF—HWEDH A BLSSERILED £ T 5
oM, TOREROTRAVF - RV BT AL —CORABRBRCRETHEHER &
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ATOMIC CONCENTRATION

(a}) NBEAERPLRVWES
N O RSHEHET S

(b) NAL>1 OBEABDESL

N AU R5%%EEET,
RFONIINOEBERICHS L,
BHERSIAEHET S

() THEFBEALEBSE

P AINBEOE s 3#mnt 5

SPUTTERING TIME [min]

B2.20 Al~ONAACHARLDAINO TR BE
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5#%&@%ﬁﬁﬁ¢b&&5®m%b,ﬁ1$w¥—?ﬁ4ﬁy®ﬁ%kﬁﬁﬁ.
TLOBRMBEHENETEL bOLLS.

H2.21 i, NAF U DAIPTOFIAF -k (HIE) O3 A X —kFH
HBELERRETRT. ZOBECOERDTRAX —13H36keVTHS (P DORES
A) . FFRTHNA AL DT RAF—L LT, ZORELAARNBE T B200 %0
Fo—E2HOTWS. ¥4bb, BLFRAX— TiX150keV (75keVON) , 4 iE <
F N F — 8 Tik50keV (25keVON) 2R VTWA M, I Mk MM E 2 b I 0o 6 2258
BOXENPET 5T XX —CRHETS. HEREREHEBEATLCH S0
KL, BREOBSABMNBEETRESXEHL RS, f£5 T, 150keVOH R X
TOHE, BHERCISERETOBRABIAEL, BFHEHRCLZERRFO
AAVDERREL RS, ThBBERECEBT 3.2 05, v2bb, &
MERICIIBRAA AV EEREFLOBFHEZE (FREHEYR) HET 202
ERIETEBEROND. BT RIAF [ DO50keVTCAINDERIRE R R Ao v DI,
AORAL YOIV - BENBETBREXROZERTH LN T, bTh
KHBRRENRBI ok, ARBCEFHNEELIEEZSA TV EThIT- D
BAEIFHTES.

NALSP.PLT
e e e

dE/dX

E12 (kev)

B2.21 NAArDMPTOZFIAR— 8%k (RILE) DR A¥—KER
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LAL, MBLELS ALY EEPRF L OWMER, BFWHEORZ LT
MEEERELRAMBICI SEI TR, "ODRLEBRTEAV. BEAFr B — A
FhEFREEE (SIBIC) EFA TR, BRABMOLDOEFEH O driving force
ELTEALLHERAA VLI MAREERTRTHE L E X . LHESI~D
AFVEATEZROBRTRGERETIERE Ro MM MEFEX, = 2 CRND
BOMCEERBRRNEZRETOTEHAVHEENELS.

UEOHEREPG, ANORERBRRIIHOERBRIC LV BE LS R0 RNEL L
#Sﬁﬁﬁf%‘éiii5%%&Eﬁﬁﬁ%®$ﬁ%%%wié%@{3%26%5. DTk
oW Ti, E5HTELREBRFNTS.

3.3.4 AFVE—LBHICIIEEOHERL, FSHFLOHT

—HRI, AlEBEOEERE RT3/ A VB L -T2 BERB RS
PEEFOMITIE, HEBEOBLICHTIHNRRDY, ZONBI L > THEA
BOMEBEBRBIAEFHERL TS, ,

AFVRHAC L > THBRENBHRE—TEL T 7 ANEREERMLT 5 = & 135k
LWWas, Naiguib®® &Kelly®’” ~*" QoM EEA2 R DB 3o0E%E, vhbb

D SHOMA To LESLEE T. L0k,

2) #E R,

3) & O xR
TRELE. ThIZEBE, T/ Tus0.3 CHREERKIVTELY 7 RILARE &
T, T/ Te20.3 OBFKTELT 7 AERRIBZL, A4V BBIEVET T
N7 7 AELELSWY, FTihbbA 3 v EROATTFORRIEA 4V BRIE LY 72
N7 7AET DB, A F RO SUEDRBREIETEAT 7 AL LAV & AR S
nTn3a. _ :

:@%%K%ﬁmr}Pmmﬁﬂ”ﬁM«%@%iy&EALta%m%méhé,
MEBRBALTVD. BROOERBERICLB L, PY, As® BAK L UER LE ALP,
AASIETEAT 7 2T, N BEACTHRLEAINGERET 52 L2 RULER, 20
FERELTEROEERZAOA AV HEOBVERBLTVS. T2bb, AINOA F
HERK0.56 L WV A, AlAs 1X0.47, AlP 10.46& K. A AL HRABNEFEAT
7 AL W), AINSEELLELBELTNS.

¥z, Hohmuthd'*¥ '°V P R—HLEBA AL FZOMARTICBNT, ESE-
BamlEOERERERDTEY, ZORERM2.22 K77, BBKLBEORT®
B, MMIHFEBORTEEL LY, HBET 256 LERTHEIEE Y Py
b5 EEOBARE, VbW SHaggll P IKE< —HT B LN bMB. Fhb
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MoPt Alln Au T
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l
_ R=0.88
-
/
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TELT 7 A

A\
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~
+/++/—
/ —

+/ e

AR

R=0.59 |-

TREFHEE (nm)

Bi2.22 EREBRORFEBENTEA N uq FEF¥EoW (R) &
AFaq FOZRBEACLSTHRENEZHBELSL L 0BT

(O, + : FRHEH,

— I EE&AR)
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b, HagglliX, &R LFSBOETHEE R=Tueir110ia/ Tnerar 5 R<0.59 O
L&, RERREBETORTHRTMLBEL D, NHAEAEES bLoLAWE
BRTHEL, bL R>0.59 261, HHERMES boAWELES LS EAT
HB. foT, R>0.59 KH L TEASBOKS TN THEHZ & SEES b oA
WRTET, AREMLADEHARTILENRTES. 23, EBRERE R=0.88 I3,
%WQ%O%Awﬁﬁ%ﬁﬁkLfrbt%wf%ém AFBEAMOEE, &
FLLETHELRVHALRVHSA TS, |
2. 22 TALLNEH L TRFERERER ey b33 ¢, R=rv/ra1<0.59 (ru
BN, o BALORTFEE) LRY, COBRRMCESLEBECELLT, &akT
AZ el d. '

ULED2o0HBRPHEMICED L, AINGERELE 2o TREILT 5= & KT
TS, T, AROERBRL—EKTS. C0kiBAFrBEARLS
WalbCBET3ET AL E LT, Carter' ™ "V B BETFARRELTCVES. %
R EBL, BRICAFTVRALESS, BHEIRF—FRERL, AL 270k
DIANE—BRPBEEGTEREZDLLL, ThRLIARAREBELEAD LA
PHEEEEREZ "9“9: RT3, Hugoniot— Ranklnei‘i]l”’{’g’)(ﬁ@’bfﬂuiék
50keVONEANCEA LIz &, EHIES L £450Pa, HMEEH L Z1300CIkEL®,
CHBAINEROBZHRETARIC LELELOhS. _

DL BRFEBEOANELEWIX, BAM AV EREEFEDELEOREFPELTE
BRENEDDOTHS. ELMEBELRT THEShIOT, BALBY REEH
BEREFOBSHATS. FHEOHES, AINZE—OHL LTHEILEED, A4
BEADEL I RHFEEB I EATHo THARBBHIRIAY —, EAIERAN KX
RADOEETRTR #i%ﬂjj—:aﬁﬁi?&ﬁluuﬁtof%m%%ﬁéﬁﬁ“é&ﬁ%z%i’bé'”’

FIRZERIT, BXLIub R XoTHHEShTWVS. Zhick 5L, #%10~100
keV @ N* A4 %4 BB ~10"" ions/cn® OBEARYRRCHEAL, =E/E
KRBT OEMPERE XBREINEICL > TN, B0, #%, BE, =il x—
FUHETOERLToLRE, AINGE—DHE LCERA I ERBESR TV
107}, 108) :

TORRIE, AFEARFFEETCHLEN, A4V E—AREERECHERY 5
EEZETR, LEEEOBREOVTHRFHERRECRISZ L 2 7R 5.
CHEBTOLIEEXOND. BRCA T VR LEBE, BEIZA S — FR&
L, —ﬁé‘}l_@hxzv{ﬁk@fﬂ’béﬁbi@ﬂiﬁnmtﬂﬁfé LORBEREBIXILL A
b#ﬁ{%&ﬁnh%éa%zr;wﬂx %@%ﬁﬁi R 107'°~107"'" BRETH
5. BREOHBFREOAMIE 107'° BEETHY, HRREOEAE RIS
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PERV. #oT, BRSNS 7 NOERMTRRFINCELEERSRII>LE 2
bhvd. BACL-oTERTIMERBOEGS, —RCEKOKRFRERDOEH &
IRVED, IORBELHIBEFHRBOICMOVBI Z LA TE, SENCANS
BT X — I BED L Hinipn 0V 10, |

®AH N AFUEAICED AIN QSR
L (EESEBLRLSE)

AEHETE, BESWBOLRVERNRERAAAVEAZEAREIANT, §ige R
RRFMZTo B RERRS. BEHSBLEVEEDOER A F0E, Nt & N
DBREAFRD, $h, BEAZBORERERZEEEHESLR->TWAZ LA LR
HESHBERTIAALEABLERERS. ZOZLRBREOAE~DBARD R
KBERANBOBESAHICT S I L E2RT. S

4.1 R B
4.1.1 RABOHER

Ao, BABLBERROAIZHS, BLUERERTHE. MERRBEE
MEL 72 MEEE99.99% (4N) OFAIR, BXUOMET 4+ 227 AAI-3%NaB 4 % A\ 7.
AMBREREIFMTETHER LAEABOT, Z0BA0KSEFMLIZTA 1 DTHS. REw
A X, WFhblxlen’, E&lm 0K L. EAMICH, 7€ BIGH
VvmonxF Lo COBEEREREY T .

AFEAE, ERANRERA T CEHEBEABTHSD Zynet B4 4 2 A7~
100 (BLF Zymet Z-100 LFESR) "' "2 2 ming, HBOHE, BLUOEERS
B2.23 AT, 2D Zymet 2-100 ik, BA AL BIRBE (BAIMH 100kV, 4mh)
FEBAEEID, BERA LV EABTEROFESPBTLTOALD L0625
5. BMEERTAET — /BB LV AT UL, BISMULEAL Y 2 HES
BEZ L2nTZ20EERBRBRENS., 0L, BohA3ZEES 4L VP — A
H, SFRAFY (BN ERFRAAY (N) BEERBH, No* & N OAF
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{ A i E—LA 7T 4 7 XA FH—

B2.23 Zymetd: B A FEAM (Z-100) OFE=E
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MO, BEE 3:2 OHATHY, EXORTOROLTE, 3:1 TH5. &
Db, BEAFEBSROERAAVEACHECERSFAAVHBEALE S
&mﬁﬁfé.it,%ﬁyE—Awﬁ—ﬁéﬁétbm,EQA%f47f%w
AZE, AFVEOERYZITILABCRABFIL Y —LEBTEB L5 1Ak oT
W5, AERIKBTIEASEERLS ZRT.

#£2.8 Zymet Z-100 W L B4 4 EALHK

0 : 90 kv

A4 B ' ~3 mA/400 cm?
HEAE : 5 x10'7 ~ 1 x 10'® ions/cm?
FEARE DR R

EARDOELEE @ ~ 1.3 x 10°° Pa

IOHE, Not kN RARCEASNIED, ERRTF LEY D OBoxm i
FoRBRELTHIHEDbhS. T2bb, MBEEEWWKYTO N.* BARME=RAL
* —4bkeVD N* HEAIWMY L, 90kv N* # AiX90keV N* t%_)\l:*ﬁ W35,

4.1.2 HHEHE

HESH R LTERA A R BEALEAIRBOMBAT, SORE RORESE
BEOWT, WHEORENNLEBE L AR, SMONNET . TORITN
BELULTFTICRT. '

) BMEFMOMBSA © SkeVDArA A2 A v & % 68 L 7= AES

2) fLEfERE © MgKe & X#RIE L LJXPS ' .

3 EABOBHMBE : Cuko ZXMIWE L 9-20 312 X 5 X HEH
200V BT I L 5 BRBFEMBERAR, BLUET
BREF, 2RBRERARBR TG AR S /) —ARET
AMEREEHRL, BEABOREEE UCHML T #HER.

4) IR 4 : : ATR (Attenuated Total Refrection) iz X ¥ Al-N,
Al-0 DRI A Y A% RE '




4.2 % B
4.2.1 #ESH

E3HOEBEAMShE " 1AL - A3 AVESOLEBRLT, EF0OEA
EABTHS Zymet 2-100 A LB E, BHELOLDOEESHERARY B
PRTNDD, BREATVE-BLRE N A48 Nt A F0BEFh, 08
X 2:3 T, EROEOLTIE 1:3 THBE. Z0kYD, ThbLbOHEEIEATE
DESHHRVEAROFERS OERIC A S.

®2.24 ¥x, Zymet Z-100 %)ﬁlﬂ‘(‘, 90kVDON%Z 1 x 10'® ions/cm® A LEALF
JBDAESK L2 MRAA, BLUASARZ P OBREMICEB/BARBONKS 2
RY. ABSAR MABROUEBERZ L, H2.6 THRLERRELBERAETHS =
EBDRD. PEoT, NEALORARBOXBLRABRERICLE LEX 0L 5.
L Ladt, B2.3 ~H2.5 TRLEEBSBELLZLED N." 13 —aick
PMAAMERBLT, 2°0WERBHEOREABH. ¥, BEOBANE
POTHRLIETHSD. ThbL, BREIREOWEFOLICRB SR THY,
BHARABE~ORBBBORBAZXR ALY, ZORKR, BMOAILIEE 1:1 0T
NBGAHAL TR ERNbMh5.

ROMERIL, E2.3 ~K2.5 0K ()T, NZFZBEBEALELEONOAAH TR
BRNEAIEOREMETONOBR (BLFTIhZ2IELREILRTH) 13, —0H
FRBDLIAVILETHS. Zhb0RRA, ¥ 2bbh¥BREORANNE S
Zr?, BRUORTIERBRE Lo, ? KOV TRBETEET A LIKT S,

4.2.2 HEKRE

$2.25 i1, H2.24 OMBHH TRy ¥ BRSninc BT BNA T EA LALD
XPSANRZ MY —~_A LERBEEZTRT. AL, N, 00, K%%C:EJUZA/
FRCACEARBRESh TS,

£, 75V HIED AlZp DE— 7 DOALOKARBEM<S &, Thizals0on
RMETANFE-—LCRHIETS. 20r%, F2LT CHLNEALENEDEAICL - TH
LB 73.8eV MEOE— 7 BRBHASRTOARY. #£5T, ZOHAOADEAERE
BEEBLVBRIESTHIEEL NS,

KIZ, 400eV 3D Nls O —2 %% 53¢, H2.7 @ Nls OEST XA ¥ —1F
396~397eV ILHRTEF LT FLTVWAORRONB R, ZhiTAINOE ST 2L
X—IZHETS. o T, NBAINOFE TALLESLTWBE - L3 RT.
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30 min

Al(LVV) AES
i SPECTRA
gg L.t 54 eV : ﬂL-~ T \

ha : Z M N i - N : : M

; . : : : : :

/0 S
) L O SR SO SO S, WS S S 4
20 oo ............... .......... : ............. ............... ST W "4.,,.

8 s w lS 29 25 30 35 T} 45
SPUTTER TINE (RIN.) -

B2.24 7-100 % B TNA 4 2 2 A LAALDAESR 7 kLB iy b
YEE O MRS A
(MMETFAF—: 90kV, BEAR: 1 x 10'® N* ions/cm?)

................................................................................

O
5r |
wil -
5
"
=5l ]
2 N

M%W Ar. f_A!._.....

RM .

 haresidinnedi i e
L T T 5
EINDING ENERGY, £

B2.25 Z-100 # AW TNA F VA LEALDIPSR <2 ko
(IFEx=FAF—: 00ky, ZEAL: 1 x 10'° N ions/cm?)
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Fio, BATRAX—N 530V HERLONBHRIBOE =2 0ls 1T, OB
AL RA LRI EHRT 52 & 25T, |

LLEDOERM G, iﬁﬁ*ESman/\/ﬁLtﬂﬁ;‘?'(‘@Al@ﬁfbAﬁ?L#i Bk L
EMEDBRANTHELEELLND.

4.2.3 EBEREE

NEALEARBOREEZTMT 220, 0-20 ks XBEFICL 255
T-7. B2.26 iX, 90kVONA F > ZHEA LA LEHBALOXRDEHF ¥ — v 2R ¥. =
L E, ERITITMAL ALS4E& (3%Me), BIUAIE®ES:HWE. £, HE9.
99% D FALZEMIC 1 x 10°° ions/cn® ONEEA L & & ORE % H2. 26(a) KR T
COEFRAS -V ERHE, ERETEHWLLELY OXRER L AR, BHT
HHABFOEFHBROMIT, 00 DEHBLEALZAINO Y — 7 BRHEEh TV
OBRDPB. Eic, AESUNPSOMBE TR S LEALOBRILIE, &2 THRMSR
TV, §o T, AINDCHEMECRETERA 4V ORRH MO B BB IR
WwWeEZo6h 3. - _

RIZ, ERBPALGEE (3%Mg) PHEAK-OVT, &A%@ﬂ%&l:ié%%%%ﬁ«ﬁt
MRZE2.26(b), ()R ¥. ThER5E, AINODO 0 2)DEIFE— 27 BNOEA
BLEDEEMLTVIORERENS. ZOBEL, 210 OHBLEETHS
L BbhB. | -

e, ABERERICNEALL L X OXRDEH ¥ — > % B2, 26 (d) L 74, Al
(11 DEENEAT S L, AINO 0 DFRBEERELTVIOBRDRS. Z0BE,
ERDADF M LAINDREF ML E OBEFE, BIXOZTOREHEICDVWTIEHBEL M TR
2, _

LEDXRDERDP L, AI~ONEARBWT, ERA A V0BESMOEE, B L
CTAIEROBBICKEET, ANIERBCEECHMERT50RBD .

EHI, EAROWBELHEN T2, ETEMBL L2FRERBLCE
FREFET o, ZORBOERIE Yo TiX, B3 CRRE LS B EELE
RCEAROREEROALSHBE - BHLE., Z0BER2X2.27 T,

C OE2.27(@), BERAIERCNEALLL *OTEMEE2RT. E2. 11 & AEC,

BRONEALC 21D, AIFKREROATARLRS FERBEZEIATHR.,
o T, L_GJ%A‘B&)‘\é:}’LT_NiiAlc‘:FAL‘(‘AIN*\_L%J: LTTE LTWBHH DL
BEbhb.
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( cps )

INTENSITY

(cps )

INTENSITY

{cps)

Intensity

=
=

AIN (100)

=
== AIN (0
= __A

02)
01)

AN (1

Al (111}
Al(200)

At{220)

20 30 40 50 60 70
2 2] ( degree )
b =3 S| 7 [c
AN E o 2
= b= = —
~o
O
- 2
S =z3 -
< 7
z i i
—— 4 bl =
gl Woygnd! Yo
20 30 20 50 80 70 20
2 8 { degree )

Moo

IN (002)

A

f

==

Al (111}

Al{200)}

|

Al{220)

&%m
70

AlN (002}
Al(111)

10

Mﬂ%ﬂmﬁm@?' | i ot
2;0 30 40 50 60 kL)
2 ]
‘M2, 26

30
2

40
e

Z-100 ZHAWVWTNA AV BEALEERBAERO X BB

(a)
(b
(c)
{d)

BEAL (4N)
AlE & (3%Mg)
AlE & (3%Me)
AL B fE

: 90kv, 1 x 10'% N
: 90kY, 1 x 10'°® N7
: 90kY, 5 x 10'7 N*
: 90ky, 1 x 10'° N*
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B2.27 ZI-100 VW TNA AV BEALEAIERROE FHSELSH
(BT HFAX¥—: 90kvV, BAR: 1 x 10'° N* ions/cm?)
(a) BBETHMER '
(b) BFHREIF AFZ —
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E2.27 (b} 0%, TEMG RIS LEBFREF<F -~ bRy, - OERERS &,
EHAF - EAABOESERL, BHARER-TVE0H8bI 5.
IRRERKSTETo kR, FAAOEKOHAY, BEHAE, BFEMER
AN, — BT 2 Z L RBERENAE. Sbit, “OREILENLAETERRES
JCPDSH — F & B LIc iR, 44 v BEATHEM L ZAIND# F @8k, JCPDSH — F
DAINDEICEFE -T2 L b EETE L.

P> T, BREBALI~DONEAIZIBW T, §$4t/®E%ﬁ%®ﬁﬁmeb5T
AINBEEREREREhBD 2 Bbho k.

4.2 4 Fusk

®2.28 1%, Z2-100% AV TNA A BA LEALERBOFAWILR 22 FAONEA
BREEETT. REAO AL (H(a)) LHELT, NBEALEZLRNALS hAD
= PFEL BTV ORBRENS. 5 x 10'7 ijons/cm? DNZEALZAIDOR
PARZ b (B(D)) &, READFRESIVEDLLFTAINLAWOER LD T
MEBDLNBM, EARN 1x 10°° ions/en® BLEICH S &, W850em" HiFlk
AI-N BERIBEEDREIPARY VY —TREERDHRAZ FARBERDZ OB D H
5 (B, (d) . Zhit, R2.13~2.15 ERLEKR L IBERAEREHERLT
BY, RAGEZOCITAIMEEBRHBRENTEZ LERBRT 5.

4.3 z =B
4.3.1 ZAHOBEKOEE —A~ONZABIZEHFZ0BADA B =X 4

HESFBRZLOI-100% BV CTNEA LICALRIE 2 ABSIC & 0 ML 475 & 5047 L 7z
ERIZLB L, IZMkﬂLLiDh@%@ﬁAﬁ%bbT&&w*&ﬂbmot
B, TORBESVWTERT 5. - | |

HESHELEES, BATIREOSMIAELI~R2.5 KET Lo50RTH b &
HW%&?#&&&EALTmé@#%@Bht Y, TOHBROVWTEZT
BB,

ﬂ2.3~12.5 DAESHBR A5, BMEOBARDEHAGEBEORE S 07 7 4
VOBIPLRBMBILBTES. ZDEE, RFREDOARTA—FAVERATE
%"a—é]la)' 114).'
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WAVELENGTH ( pm )

5 7 10 20
1 1 T
a
o b
=z
=
= C
-
(7)) d
Z
<
o
-
1 )| | _
2000 1500 1000 500

WAVENUMBER  (cm™)

B2.28 2-100 # AV CNA AV BALEALORABRIE R 22 by
(a) REA AL |

(b) 5 x 10" N* jons/cm?

(¢) 1 x 10'* N* ions/cm?

(d) 2 x 10'®* N* ions/cm?

.«84.—




AW = Wi® — W2 | |

TET, Wo & Wi b, AFVRBHNBEBOTHESREREY 27 7 4 4 O
ThB. Eh, —BRCEFHMAIRAT—F IXVVIRBI o L BEIIE, AWEA
AR ES LOMCHREROEA Y ORNBEEMSDY, AV ° 0BEIE
BB tH ~120) o | |

B2.29 ik, B2.3~F2.5 OBBRORTE 77 A A2 EICWELEATENA
VSR S LOMBRES Ry NLEBRETHS. AW, NMAAVEREG L LbIC
WML, NOMBExT 2L F—25 160keV OHBE, AWec ¢ ® % | 7% 100keVO B A,
AW ¢ T DEEMARNTE L BDNB. T 0L OEK0. 433 X 0. 374,
FEHEAAT—F« 3RV POBARTFHENB0L VIELVETFIEL 2o
T35, , _ .

LBALRESEDL, ZOBACMESHS ANOEOEREE, UToLs iRl
TRTVS, Thbb, FETOAy FHER—FEThEI L, RETEDS R
KA-—V=2BTOREPDRCERBRNI L, SLEABCBTERTBES &7
WILRERDLTONE. S

DEDRRESDL, IDBAOHAEEAROFEFRIITELA L THMLTVS
ERFERBENTL. ThIE, A4V E~AIXRL LSBT IRy — FEROEE
EREALTVS. 2T, BERA ALV E-LOEBRBRECHEY, EROTALIRE
CTRUTOL RBERRAET B L RHESLE .. | |

9, AIRBIZBERBLEREOAL0:TEDRTWANE, AlL~DONAF L EAR
ALOsEBLTOAL AL BALALRS. —ic, AHED LS KILEWHBRE B
MELEBREAAVEAOSBE, A4 BRNESCRERICES Xy 2 Y7
CEDHYVBMYPRERAEL, ERFARI YV —=v 7 E8h3. 00L&, HE~
ODEEAADFHENRE S, BEBAORTIRA AL E— A kY AR R
ENBTLBBB. Thbb, REPLORA Ny FRESNS & AN
ST FEAEND. D) v AV EABIRRA Ay X 2L, FEODAL 054
@iﬁ$ﬂbfﬂ&&&éﬁ;%%ﬁX&wﬁmtibAhmnﬁiéhé.%OT,
AL~ONEAR Al:0s/Al DA AL E—BI& YU/ LEMTHE EHRSR, %
OB/ v 7 AV BEASRBLICRD. ZIOLIKLT, ORBALELE25h
5. | | | |

TRTIE, H2.24 ERLULEBEESHBRLOI-100% AV ENEADS S, he
BMEDBRANE DD THRP o EPCOVTKICERT 5. D

SEHOERTAVIEEESNBR LA AU EABE, EESWEEHT 5 RIKEN
Low Current Implanter fCJ:L".f“:, A VEREETBE D, EABEIEW. #
ST, REMEEBEFTORKN ) v 27 AV BEASh ISR RELEEL b




o 150 KeV
e 100 KeV

~N oS
O8O O
I i

N
)

Broadening AW (nm)
=

1616 1'017 1(')18
Dose ¢ (_ions/cmz)'

B2.20 Al~ONAALEADEIBAT 500R AE S (Broadening width)
ENBEAE X DBEE
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5. Eie, BARHYORARIIOBAERITR-oTWVAE. —BIK, BEOHFER
REEHOA T EAROBA, HAZE A 4L BT U B S B 5
ZERTERY. TORD, AAVEREREAOLED, BAZORELILER
ERBLEZDOND. AEBR T, BERAAVEAPORAZOELEREE ~1.3
w”Paﬁ,&A%@E%ﬂzﬁ4jyﬁfﬁwk£$fﬁkbEfﬁténrm_
B, BEAADPLBES FS v 7S NIHERMATS. U EDLS AHE
&Y, AT —FIXV U IRBUEBRTIRED ) v 7 A EARE 08414
EhicrEZioh3. | |
oC, ABRBEXFALCEARMEELTS2L, BLIOBARANORE
HABRHEERY y FEHBT 5L CRERILEBR S OREORARB b5,
R BRE, FernDTiA AV EALBT 3CORBATED bR TVEHE, =08
BOCORAE, BEEZEZHATHZ L CBT bR B2 122 |

4.3.2 Zymet 7-100 TEALEEZORNHT —BES4HLEBE L ORE

B2.3~B2.5 CHESBLANZESERBCHEALL L ZOAESKE LANOAH 2 4 5
&, MMEOREMETHNOBEHS (Z8) BEBShE. LIoK, CEHOER
SWELRVHETRELZ2 TRLELOK, AIENORIZIELAYRALT, —“or
FEBHOARV. ZOREIC OV TERT 5. | o

ERAAOEBRABOFRIC LBV, BESELEEAIE N7 14> 0R
CEAIALTVIOEHL, HEMELRZVESE N.° Ofilc N* 28%, No* &
N* DREAAVIER-TWAERZLTHS. £ EHO Zymet 2-100- Tix, N7 & N*
DONEFEOLIT 3:1 T N” BETHBOIHL, N BbFr<Ths. LilLh
Bo, BEAFVFEEENEZODTIE N* B R R F O EELBE 5
RETOLDOLEIORD., COREERILTEREEDS. o -
 OMETEELEESK, BASMLE o' 2BBCEATS L, AINSERS R,

BRONEACTAA VLV BELERBIEAREDAH L LINOERENCBE 5
SETNVERRLE. L3, BRONGEASHEKBMIERH AN LI 0BH T
D8, BABRLRCNOBBHRA R RIBH TERIAS. 2OEENE. 3
~H2.5 D& (O TAHLRDLSK, BHLEARVBHONES 5o ho TR L
kEEZLNE. _

:nm%p,m*aN*@ﬁé%iV&ﬁ%Lk%%,MWHTW%%@%?%
HEEE (RE) ZEARY, ChP IR R<TOREBLTWATERADLS. A
BROXDICMEBENIOKVOFE S, N2* i245kVod N* ¢, 7% N* IZ90kVOBET
%#Mﬁéhé.ﬁor,m*&n*w%ﬁl*w¥—ﬁ£&0,MW%?@%E
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 No & N THEBTZE, BT LEERUEEY. NEFR T Not 25 FMH
HWEZVLL, AINOBREMRBRE N* RBEShE/HENLHBES LB LR
H. —Kh, Nk N.' FORMBEEOVED, AINOHRBAYBAT I LR S,

Tiabb, N:" OZBEACIVAINBEREIR DM, FRIC N* REHsHhBZ- L

R EST, N N Ko THRENAANBCBEBGLFET 5. Z0RE,
WRONZNOEREWCBH T ELDOBHAHEB/ILichY, ZBIBERTS.
BoT, Nt & N DBREAFVENOBA, N* CESAINOBRE, N B
Ki%ﬁﬁMm@ﬁ@ﬁﬁﬁwﬁ:orwétbm,:ng%L&<&ota%i
bRd. ThbL, BEAALYHO N BIBeRTPRBHEZ L ARBRE R
1. :

B8 ANBRICBHFANAF U EATIARALE—OHE

MEHETCORRT, ERAAVOHBFHWOF B/ 2D LS, NA 4 2AUKRIK
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T2. Tibb, MNOBERRCRETZRIAX—HEHREE, N4 BALPT
%5I$w¥—mior%ﬁb,4iye—éﬁﬁmi5%%mﬁtm#%ﬁ@%'
DRNEELREERET IR RT.

5.1 BARTOIFLOIHLF—@E

EI‘EF‘:F’ICHE)\éﬂ’UT:*\i%O)E%b‘%$?§E3.‘5iCii, 9 BH1EH8 (Stopping Power)
DERNVE—EEREELZONEYTH S 29 120 - -
AFEAEEENS DXV —BIROA A P — Ay EECRE TS &, E2.
1TERLEXIES =Ty "VEAHLEA AV BEEEBCBAL, HB2BERT
BT LHMERAE LA EOST AR — 2k THIESTS. ANAFLRE
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5.2 2 B
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FT7A2CVDETHE, 77 AHFAVA I L CHEXOABCIEL Y EREESIET
SELHZENHARTHEIN, IS0CETTRVWFTIhLEEETHS. LL, 3000
BLUBICORFRE CRHMERED v -ALOEBRTE D L RBE STV S,
¥, VL—V¥ T assist LtCVD'C‘B!iOO"CJA'F'CU){EE?ﬂﬁHj# ‘b:&’bé‘/ﬁ, T D&
mBEIE SV TEBRERbR TWRNWY |

%ﬁ&ﬁﬁﬁﬁ%%kléaﬂh%@%ﬁhﬂﬂwcukwﬁﬁﬁﬁﬁbﬁf
700~800C Tk y -AL:0: 2 DTN ELTEL 7 7 AROERBR LT, szoc

,Kté&Xﬁ@ﬁﬁﬁﬁﬁéh&mﬁﬁ®%%%T%6#,itﬁ?¥»772f

HHZLEBBMEEIRTVE ™ | %7, X9 ¥ Y U Z BTN L ALOJEIT 51
Th, ERBESOCUFCRARETHY, 500~1000C Ty -Al:0s, 1000°C 5L E
Ta-Al2022 72252 &3 Thornton WLV RERTWHBYY DX, Al0:0
HRLBEERRS, BEOPDEAVCLHECEEORECIRTEAL T 7 ARBO
AL0- B UPBRTRARERL TR Y. $k, 20X 5 RPVDTHER L7 Al0s)
DEEEIE, Hv1000 LCVDTELRIZEL v K.

BIE T, EEOPDICRDoTHY — FF— 7 75 XD 24 d 0 e b LPY
D% G LI M F D ~ %, BBV itA 2 e b L CVDE B L7 M TE
BEED DRHEENRTVNS. BV~ F7 -2 75+ CHEBE hicAl0.Bix 250
CUTFTTRT7EALZ 7 ATHBH, 300CEL E# & L2488 (hexagona ) FBIE 72 5 &
IBMEDHON, FHABTIREFITbhTunian'®,

%70, A4V E— AR,y ¥ (IBS: Ton Beam Sputtering) & k5 &, HiREE
360C Ty -Al:0s 7 FRE-ETEN T 7 ADBEEAPMMERINRBE L WS WERD 5
&b, A F B — AXIEHKEE (IBAD: Ion Beam Assisted Deposition) T
TR ENIAL R ERBERBRTHTEL T 7 A ThBK, 600CKT 5 & &
MEADHEREZIEBERBERTVE Y. WPFhbHREEORTICE TR EF
ERVTWS.

Ion—heam-induced CVD'@{’F%@L AL GRIZa v Ry b CLBAETChH- -G
HTEVZ7 7 ATHBEZEBHEESR TS Y,

1.4 EBE A0 BROKS

— T, ERUET AT 7 RRIBOALOSERE ¥ K Bk S %5 % b I 2ULE %

BT ZERERPLITDLRATVE. LEALARNRDL, TEALT 7 RRBOAL0.HE S

a HICT BT IH1000CH LD MBS LET, v H8~0EH TH600TE EDMBR L
BEThHrLEhTns O ~52)
TIT, EROBRLBIRDIBERLBFRL LTL—FRAF L -2 ERH
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TEMRRRZON TS, FXIE, BEBOTAvA bEBIE L —Fh % B L,
e ) i:ﬁg‘&:ﬁ%ﬁé@%fw‘cf, BBEOHEmE, &R, BlsesrFiE
bbb, Lmu':@%Auﬁ#%mm;orwﬁmﬁﬁﬁ:b,ﬁﬁuwgﬁo
T IBRETHLVWIBBAERDB.
AFE—ATHOTALOHEBEORERY R SEF L LTIk, Galuskad 2,
BLUBHL Y ORERDHS. GaluskablZ 7 EA T 7 A DALOH LT 1 x
10'7 ions/cm® DKrA A %2 BHT B LT, 50CTHEE~DEBEREL T\
5. Ehk, BEHLBTEALT 7 ARBOAL0:HEIZB, 0, Al, Arf 4> % BH
LB, TIAZ 7 ASLL O BEEO y BEHICERY 5 L HE LT
5“.Lmb,twﬁ%ﬁmmﬁfntx&%@%@%%M@t&@%ﬂﬂozoo
TREABBET, 120FRERET THESEED AlOs % IEE TR LEHE 1
EERV.

1.5 A=EQH®

SHEHLT, AFVEARTAVICVLAEMORRRESRTO50KE LEIKR
(BE) TOLBERTETHS. F2ETR AR R DT, ALEMA~EENS A 2
ATBLLT, BRTHELSEDAINSERTE S,

TIT, AR CRHTAI =T A ES~EREDAL0: KB THRTZ - & %
BiC, NAAVEADHELRARIC, AIKEBEA AL 2BEAT S & 2R a0k,
AINDOA A EACRETIUROMAER 2 L L D EBRITELS KR L, =
NETEROST TRV DPDOITA—TCHERITHORTE . LILERSL, A4
7 DAVREBEESEDO "M F v 2 HEALUTAL 02 ER % 4T 5 7 41X Musket & °°
REVBESRTWEEYTHS. TOLEQOEARI 1.6 x 10'° ions/cn® ¥ T
T, TNULEDEARBEHLTIOEBHLHMIT OV TRHERbLroTVRY, T,
FHARE DAL 0B ERERTZEVIEE L TR,

AT, MusketdB ™ LRABEALZ OAKREAVWT, Thic4dETHESH
REABOFCREMEERS 4 x 10'° jons/en® bDOBED0 A A FEALT,
Al20:DEBEAMERLL. 0L EHEBUEALOOMBRAT, HAORE, 548
*&&%%ﬁﬁﬁ%&%sﬁﬁbfﬁmb Alzoamﬂfﬁi:@&%AleéﬁA&kﬁﬁibfx
75>B»%§L71
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H
N
=
M
&

2.1 HAHBOERK

AAVEACBOLEREL, BABSRBBOASHS, BLICAINERTS 5.
ATA ALY 9% DEE LEEX Inn OHAIK, FHBHIMBREMLTES
MERRESETHER LESERCHESTIE U1 1) Th5, %ﬁﬂ@k%ébiibet
F 1lxlcn® THd. @EEd, 7% F/RUI*)ﬁuu:nﬁ"V/EPT@ﬁiﬁﬁﬁ '
HBEIToThbERLE. : ,

AZVEAENAA A BEAOE A L BEK, ﬁ‘fh%ﬁf%ﬁ@/f % AZEERIKEN
200 kV Low Current Implanter # AWk, A F BTk EAE (RF) HER % &
W, BEAFCEAOES, TRV REBEALTRIKEI LY 442k s 4w,
BlEHLIEAF VO bEESMLEBRESF A4 (0:%) 2RBPEBE LE. &
DEE, AFVE-LAERETHEROFEBIT 3x3 cn® ThHd. A FVEALHE
ERTFRT.

#3.1 Al~D0A A I A

A4 ZF N PR O g
MET RAE— : 150 keV ( 75keV @ 0 WARN T B)

AR 1 x 10'?, 2 x 10*°, 4 x 10*° jons/cm®
AFBWEE © ~3.0 pA/cen? . '
AXCEARE @ 2R (AHLbomeiL)
BAZOHEE : ~107° Pa

2.2 EEH®

O AAVEASNEALRB MBS, BARE, B LR BEE IO TNS
AVEADBR L ARRIMFET ok, 7, AAVEACLBERREOREN,
BLOBBEREFIMT 500, RERSEZRELE. SHFE, BLOEORE
XL TOEBEBYTHS.
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1) AL A DBRE H DML ST 05 -
457 S 1B : PHI# > 590A/54E X E A ME (AES/ESCA)

ANy EAF  bkeV DArA F
A T AL N, 0, BLU C 0K/ ETHE

- . 271eV @ CKLL O — 2 i LV E
REDRREIGTHRDOARF )V U IERBRELEVED ANy F Y > FBEH
TRRLE. $f, MABRERBESBEELE AL S — U BERK Y ¥
ALTHREFBEELE LTERLE.

2) ALEEIR & 1L 3R AR 1B O 5 47

sy¥i3eiE®  : PHIRE® 590A/54F BERMmHATEE (AES/ESCA)
X BIE ! MgKe
PR © Al2p, BX W 0Ols

_ 284.6eV @ Cls O — itk v ET
3) XBEHIZLSD Ali@‘?)#nﬂﬁﬁ@%ﬁ

SR E T BEFEBNMXRBREIIEE (RAD-rR)
X B : 50kV, 200mA ® CuKafg
547 H Ik :9-20 i |
4) ETHREFCIZRBOFBEMED D
ST EE : HMER/EFTR HB00 N FEFHER
0 B : 200kV O T8 |
S8 Bk DT RARY ) —ARETAEREERTSILT, BAR

- DHEFRE UTHEE, BHELE.
5) HRABBRALr FADRIE.

SIATERE  BALGER FTIR @
Sy HT 5 Bk : ATR (Attenuated Total Refrection) i
6) REHEOHE
STEE * Taylor-Hobson #BF M & # Talystep.
E3H B B

AT, FRUZALGEEESTEELP A CCHEMLERRICSOWTRARS .
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MERECHBEDOOM AL REATEZLIEY, BETy AL 0o & NS T
XBILEABAONBENLEMCT 5.

3.1 #HESHw

B3.1 i, BHOBRERA AV EAEBZAVT, FHRAIERIC 150keV DR
RHEFAFY (0:7) % (a)5 x 10'7, (B)1 x 10'%, (c)2 x 10"°® ions/em® BHEAL
L EDOMBIMERT. WEIE, ArAF L R0 2 Y o 7 %58 LI ABSS 4 3 ©
Tol. TOBAEOEAEIR 0" # 1 x 10‘-8, 2 x 10'®, 4 x 10'® ions/cm® BEA
LEZLEHRETS. BBOXA Ry &) U 7BHRICH LT, SiizEFRRES L
STbDTC, WEFANCLVAOREGBESELT S EBbhER, Z0EEALD
BREGEEITCHE-LTHELE.

Y, K3.1 ORRELDILFHMPLELT C BRESHATWSEAE, =20 C i 2
x 10°° ions/cm® DEAEEI THELAVERERBEY T, BROBOCHMBAZEANE
THHEZEBb»5. L, 0@&A§#§<&5&0@W%m§lbrm<@
BEBEh 5. _

kh,ﬁlbtﬁwﬁﬁ%ﬁék,Elﬁmmbfﬁ&otﬁﬁ%%f:&ﬁb#
5. B3.1(@) EFT L5 OBARNHEENHD R VWEIL, LSSBERTCTRAISHh S
LRI ANTHEHRTH. ZOBEBETI, layer £ LTO Al.0s ¥R+ 310
RELEZE->TWARW. L2528, B310b) ERTEIIC 0 OEAER 2 x 10'°
ions/em®* LWMT DL, BAA AL OIS TR S5F > bo i, 005 K EE X
BHOAMBEEZHL 2 : 3 OLERZ IS REBHBRODIMEZLBEL5LHAS. =0
L5 RaAiE, LSSERTRTFHTERVAMAT, AL~ONA A EA L AR R
EFRLTVS., Z0Lx, MRBREHEDRAENRLL IR ALOBABRSATYL
DEHREND. TZETOREEX, 180keV @ 0.* % 1.6 x 10'® ions/cm® FEA
LtRﬁ.mwmiﬁ“mié,msﬁéﬁﬁ&—ﬁbrmﬁ.

EHIC, ALLODHMMIEAN 0/A1>1.5 L% 3 4 x 10'® jons/cn? bOEED 0
FEALTWLS L, E3.1() KART LK 0 ONFIE Al.0: OMRLEBE 5 =
ERLSKBRARBRETHAL, BREOHX MIREARBB L X5 meisr &3
PPrD. TORRE, BOHRAL AL0EIR 0 OFEEALHICELRALO E~ L
BEULCBREZFTbDOLELLIS. _wﬁ&ﬁﬁ%ﬁkLIAhm0%ﬁ7nt
AZDWTH, NEADBALUBLARLBRIZERT .
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100

(b) o

ATOMIC CONCENTRATION (%)

-
IS LT Ol Caai

e 6,080

~ SPUTTERING TIME (min)

®3.1 150keV, 0:" A A HEALKLALOAESIZ X B E H 1A DK T
(a) I x 10'® 0" ions/cm?®
(h) 2 x 10'* 0" ions/cm®
"{¢) 4 x 10'* 0% ions/cm’®
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3.2 WAaWKE

Al-0 DFESRBERH LB LB, ABSAZ hAORESH, BLIUKPSK T 38
ATFAVX—-DAEEIT- 1.

R3.2 1%, E3.1(a) KHE LIAESRA 7 PAORBEREZRT. Ay XM,
‘#‘fﬁbBiﬁmB@i@x‘éé EHET, AT PABREERIAORS. K3.2(3) @
as received (RFH) TRREMRILBIZ LS LB DbhB0LFEMIT L BFERYC
BREHBERTWDED, B)DIDR Ny FHTEHALLOD ALY A OERIZEL L
TWa. £z, @D ARY FHEDOALLODARZ NAOBRIE, BEE® (a) &
BERUBRIERD. S5, 00 Ry F# %0 () TIHODE—27 BRERKRL, Al
Rz & igiE—594 5.

TRk, B3.1() ZHRIEDPB L5, 20528y F R TEALL OIS L
TAL0:Z L TVD7ed, BEREOHRBRILBEL AZEL2RBERLELZZ DN
5. ZREHL, ARy S HROAOKERBIOEBEZT TV 0D, %
DARZ FVBRBLZG ANy ZF#H D metallic Al WE LTWwWaIZehb, £

REDBRIEBERRTOIREoTVWARWVWERDRS. 2D X5, AESR~Z 1.2

ROEEPE DL, AlL0DBEARBIEYDWCHIBEIZHASIHS.

EOIT, MEIDEATRLX—2HETZEDI, PSKLBSH 5T 7.
3.3 1%, E3 1) TLOHR Sy FBICHE LLBES TD Al2p & 0ls DXPSRA LS
FvERYT. EF, Al2p ORRZ7 FA % RB L, 75V HEOKREX B E—2 L 72V
FEDPNER2O0DE -7 BPHEBEEND. ZD75eV AEOKRERE— 2 12A1:0.0
BAZEINT—THIEL, T2V fHSEDQ/NE R E—~2 1% netallic RALCICET 559
~E BT, ALEOIREERNICHEA L, Al0:2 LTHEELTWV SR, READ
Alb DT PRERBELTCHWIORERTE 5,

Z i, P.D. Prabhawalkard ®® O RIC—H3 5. %51, 30keVD 0274 Ao
ZAIBEEAL, BAROEMIZEIIPSANS M OELEFRELTNS. T0O&
RICED L, Al0:DFEA= RN — L 75.5eV IZ, metallic AL 73eV o % @
V=27 BRIEBERTYWS., &5, 5 x 10'7 ions/em® O EAE T metallic AL
BEPSAT MADPLRIMTEARL RokEHELTVS.

RIZ, Ols DAY bAEHZDBE, BETIALX—JX 531eV 2RLTWVS. “h
X, B2.7 ONAAVEALEAIREOD XPS 222 hATETTIRALEE S 2, Al
EORIEBIZELDFEESERILF—EREHETEY ~*Y | 57T, 0ls OBASRE
Phb, Al 0:BIEBWOBHRIEBERINS.
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E$CLhH-DE ]

IPLDH-OE ]

as received

IBLDH-BE 3

IOﬁ?ZA'yﬁ%ﬁ

kAt im i

AR

| e :

i
206

1 " L i I
[LLL] [2e8” L1 1488 taan M

LINCTIC £HERCY, EV

r X
L1} (11 aH

2?5}1"' ik 3

SPLOHARE ]

i i
pid) 403

1
M

X i
taes 124
KINETIC EXERST, EV

{
1118

H i H
LU L 1)

4053 an” ')Mé%

:

N

e

:

AL

Az

1
242

A 1 1 ) 1 i
[LLL] 1288 (E1 1] f&ae b1 ELE

KIHETIC EMERCY, EV

1 1
L1 (1] e

ue it

H
1]

X i
18e4 1248

KIRETIE EvEReY, EF

3.2 04 AVHEALEAOES HFEOASA LY A ORBEL

(150ke¥, 02" ;
{a) as received

(¢c) 2043 RNy ¥

1 x 1¢'® 0% ions/cm®)
(b) 1043 A/ S Hif
(d) 4045 R %y Z ik

BINDING ENERGY (eV)

B3.3 044 EALKLALDXPSARZ PNV

(150keV, 0:7 ;
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2 x 10'° 0% ions/cm®)

7 539 535 531 527 52

3

i H :
(£1.1] 1888 EEL]




3.3 WHRBE

CEALZAIRBOMEEZFIMT 2D, 0 20 B LAXBEAFT ¥ - 57
EFLE. HE3.4 iX, 150keV®D 0"A F 2% 2 x 1{)'“g ions/em® AL E & D Al
HREE, BIUAMEKBOEF F - 2574, (A DAISRERB~DOEATE, &
MOADOEHRBOMIZ, (400 KEALEy-AL0:OE -2 RABHIATWE O
Bpmb. ¥i, O)OAEBE~DOEATS, BHOAOEHBOMICbTHT
ROELBELERROEA LA, (400 CEALEy -AL0sDE—27 REdbdh
5. TOXSE, HITBRESMBTTTIAZ 7y ARTHEDIX, HEBEOBMILL
REXBb0T, WOOABBRERERShEbDLEILNS.

IDZLEHBTBHED, XRIV 70— T EEZMMACENRIBETEE AT,
BIMBHEBE (BN, BLUETFREFRIC LI BEABOMMBELEF L. = 0N
'ﬁwwﬁmﬁtorm;NEA@&%&E&KEAE@A%E&@M#B%%-%m
Lie. %7, REOERTAFVEAETDRP oL bOEEBAL LTRAVE.

E3.6(a) iX, 150keV® 04 F > % 2 x 10'® jons/cm® HEA L7t & OTENGE &
AY. TOKBAELBETIE, MOAXSE LS ER TRV EERERRRELNS A,
LENZ7 7y rOBRBE2ECHEATS L, BLSMKRTISCT Y RS54 PR
BEEERBEINRS. ZOFY Fo4 MERE, 3BT ORBEFIERTE > T VS
LEEENS. | o

B3.6(2)i%, E3.5(ORFEHE LABTFREFBERY. BIF&IEIN-2 Ky
FCHBYE, ABHOARy FIZABAFAKIER, BRAOHY CH30° OBEO M
WERLTVS. IOARY FOETR, ARAEKIVEZATTS L HME L
DWERSEDS. ZOZLE, FUPAOEBEREREETRURFLTVWEED LES
LBRS. ARy MIBEHESEBERLTVESE, 190X Ky Mok 5 REHE S B
L, SmBiEO/ FAZ —ROMBFRERFMNESHLTVS. B EDEAhs, B
RRTRECEBAEE b oL ERHBLBLBETHSL5. |

B3.6(b) ik, HBALLTAFUEALARD-EBRRKLEIED S 0BT 6 EF
BERT. BHBRITEABON-ZARy b RF -V L ERRY, "ne—RTHB. -
DRERPD, B3.50) OFYFTA MEREAFUEAT B Ltk o TAB S
TbDEEZLNS. - '

®3.2 13, AFRPLAH LK FEEBIEEZTY. EABOMERER OALL
DRELZY, AIBEDOBECHETS. ZOUERICPIS D Z— FLBAF 5 &,
Y AL0: R —HTHRONDb»S.

CEARLDZNTNOBROBEIZS>VTIE, 20FEBIEERLEES T OBEHICH
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~ | o &lsPe - s s |8
n © o -Al(Fed)Si - o ™
o - o o™
1) - A =
~ < < <
o
- o
ZR A 2
z [ T
! \
- kt ~ \
E '!w . O o l' 1
““"ﬂfwmwww?,) ij f'ﬁ 4 y '""bq,
' Wrkienitg gty
i ] I |
20 30 _ 40 50 60 70
2 ] ( degree )
» -
o -
o D!
= <
> o
ol O
7 )
pal m
J )
|-— o
z qjy'j” g
= ’ g
Ww#l& ’ﬂ%L \ 4{
p iy
L'Mﬂﬁ'ﬂrfpﬁulﬂﬂﬂlﬁﬂjﬁ ’M]ﬁmufm}”“‘h TP | ..,u.....slu.ughk.nui!_J
20 30 40 50 60 70
2 e ( degree )
®3.4 150keV, 0:" A1 AV HBALFAIOXBEIFAF -

EAR: 2 x 10'° 0F ions/en’®

(a) AlE &
(b) ALMfE &
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BBHRE

& BT
HEAE: 2x10'°% 0"

(b) 200, 0004F

H3.5 0AAEALLZAERROE

“)

/cm

, : ions

150kY

(NBExFAF—

(a) 10, 000{:&1
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3.6 OAfAYEALLAIEHJOEFREHR ¥ -
(a) JNET HZAE—: 150kV , TAE: 2 x 10°® 0* ions/en®
(b) REALALEHS (BRE/LEK)
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NI LEDOOFEERBEERTHRY, ik, FUrF54 F&RLTVS
D WMBL T 2 A AV BEATRE L EBTFEORIRALLIATVERELESS, =
DRTNVEBFHRBPAFT TRV AR CLHAERL, "2 —ROEFHL L
DTHELS. BRABR TImOBPRFEREBECOEFBRIIN-R B %'(“595733%,
BB T EAABLBOXTEELARLEY. 5T, #BMETEATLEIE
2L W

®3.2 A FEATERLEyAL OB FER

observed values JCPDS card v Al20s
d (om) d (nm) (hki1)
0. 457 0. 45600 (1 11)
0.282 0.28000 (220)
0. 243 0. 23900 (311)
0. 229 0.22800 (222)
0.196 _ 0.19770 ~(400)
0.156 - 0.15200 (5 11)
0.140 0.13950  (440)
0.114 0.11400 (444)
0. 088 0.08840 (840)

LLEd TEM/TED W X2 EWECHEFTIDROZ EBEM R -,

D) 0AF Y EALEANERRBORBEEIEREOALLTIEAL, BaA%EY L o
7w ~Al:0: DR TH . |

2) AAVEARBEOTENMG T > FIF34 FROBZEEZRL, F> F5 4 Fid3nndi
DM TFOEGHEICL-TEREA TS, _

3) ZEDIEALHEIRIEOBEFLRLLIATLOEARIIRD DR,

3.4 FHHL
H&?ﬁglmhvwOf%&lbtﬂi%@%%%ﬂ1&¢Fﬂ@mﬁl%ﬁﬁ

HERY. TORRCEDE, REACAIR () THBERE— 7 ZBH S 2 VR,
1 x 10'" ions/cm® FEA L7808 (b) Tk %%500 cn™' % 900 cm? fDﬁajGC?"'D*— K
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TRANSMITTANCE

®3.7

WAVE LENGTH ( um)

5 7 10 20
(a)
(b) w
(c)

2000 1500 1000 500
WAVE NUMBER (cmt)

150keV, 0:7 A AV EALEAIOFRAHABRRAASY b
EAR (a) FEAALK

(b) 1 x 10'° 0" ions/cm?®

(¢) 2 x 10'® 0" ions/cm®
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BBEWBARLNDS., ZOWREZ, Al-0 MoMBESICHETIR22 PATH 5B
EEZBRE. BARNUEOQKES L, BRE— s 0BES M LY S bics 4
—FERY, C- s MBEREREEACDTRACY T PLTOEDRbN 5

aﬁi(ﬁy-AléO;@ﬁ?%lﬂﬂﬂ-’ﬁﬁ kX, 460cm™’, B XU 500-850cm iz H
ENDHIEBRREINTVEY P, gk, y-4L0:8XKOEERBE DR ~r 1
H400-1000cn™ " 72— FRBRE—2 2 FTENTW5Y . AFECHERI R E
AMBRIEMOY — 7 fLBB LOBRITy-AL0:0ZN L BE—KT B L0b, A4
/&ATW@LLMN&%IMwaf%é&%thé R4 72 #% 51X, Balarin
LN Lo THhWMEEN TV, HOLOERICL B L, fE =R X — (0. 5-2keV) @
BMEAZTCEARCEALEFRABRIA Y b AR, B 500-900cn™ ! o [ic &
RE—Z EREBLTHNS.

utoﬁﬂﬁﬁwf%me KW%TW%éhIAh%ﬁvﬂh%T&é WY ]
BmEhle. ZOFRE, XREFTREFBREH CREBELIABLERRE L — %4
5., ¥, EABLFRARR ALY bzlxk@l%éﬁmi,_ Al20sDTEZEREBE E L SHEL
EREZRTIEbbhoTz.

3.9 AFVIAICHESKRAREDOEL

AFCERHRRECENT DL, ABHEOERICH GEELBRZS. =0
BRELE, EABCBY3EEOABBHORES bR b4 60

EIAT, ER~DOERBAAVEACLBLAMOREREBRE, VbW 3SIBICE S
VTS RRED driving force L LT, ZOBARDLARAKRCHB LEL T -
WS, TIT, ThzHR T 2D CEABOEBEREIC W TR LE.

B3.8 ik, O/ A BEAKLDBEABOWELNET S DI— Wi~ %7 L,
EARTORTEOBRZELY ¥ Y A5 v 7 (Taylor-Hobson HMEmAEE) CAEL
TRRETRT. ERCBEGEMNB LIRSS 1 227 BOAL- MgE &%, T ¥
THICETEREROTAVIHEEA VA, 6 x 10°7 ions/cm? DOZEALERS E, v &
RO LEREARLOFTERIZNE LR, REARL hEgLToM 428
ALEESTEHRED 0.8un BHEML, TOREIWELTVWIOBDbNSE. =
DESI, ALZOAFYBEASRD L, ALOABR S MAIRHIZWET 5.

WICA AV EANCHES RERBOLEETMT 57D, £+ EANSOEER
CSORE, BIUCRBREBZEBEASE L. K39 BT0KET, FYVRAF v
Tﬁﬁ*ﬂé%!ﬁ]ﬁ:’bﬁ_ﬁ"‘% READEBHE LiZAl M2 2R Qo FEHEER
X Ra I 5~6nm 'CZF)ZSZP, 2 x 10" ions/cm® DOEZEA LA (D)D Ra i ~8nm,
EHiZ 1 x 10" ions/em® BEA L (¢) Tik 27~32nm & Ra X&ELAD, A
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150KeV 0,  3E17

R AR]

T 77T ITTTTTITIT

AL FRIEAE

g

BEAM—E kA

¥

9.

N
T
3.

]

F3.8 O A HEALELALOKEEE
CMGE = F ¥ —: 150kV, HAE: 6 x 10'7 0% ions/cm?)
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