—fAtEEAN  BEFEREEFS
THE INSTITUTE OF ELECTRONICS,
INFORMATION AND COMMUNICATION ENGINEERS

EFE®
IEICE Technical Report
SDM2012-120 (2012-12)

EH#HRILKEA AV E— LI K52 aVRERSNRO D FRIKFNE
S R OPTR R B BT @R s

T EEREREBR TEMARINEE - EFEIEZEEMR LY X —
T 615-8510 AT AR X HUER A E
E-mail: fimanaka.kousuke.76z@st.kyoto-u.ac.jp

H5%5L nT bSITHAVHLERLUIEZBETFTSTA4Y CHE, CeHf; KU CoHy % Si EARICIRE L, SiERo
HREL 2%y 2 VTR RERENE T, RERKROLZREEZS <V HHRET, SiBROBEEE LERREKRY
NERDRZEE% RBS HIEIC K DA LTz, BETFHFA A VOB A4 VI K v BHHRIGEVAR bWz, KA
EREWIETIE, CsHY, CeHi; BHERE, CrHE XAy 2V VT EinD, SIYVARY MVTR, BHEERICEX A
YEVRIA T H—RY (DLC) DARY MV EHEZR LTz, R TFRDKEN CioHi, Tl DLC % ERER BRI
REN< L, SIERDR/Sy 2V Y TRREDEANE LTS T & ZEALMIC LT

F-O—F AFVEE, vvav, BEFAFAAVE—L, TEITAY

Molecular mass dependence of irradiation effects on silicon surface by

normal hydrocarbon ion beams
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Abstract Si substrates irradiated with polyatomic ions, which were C3H}, CgHf; and C12HJ; generated from
n-tetradecane, were evaluated for surface chemical state by Raman spectrum spectroscopy, and for carbon amount
and irradiation damage by Rutherford backscattering spectroscopy. CgH}" and CsH{g samples were found to be
deposited with DLC. However ClgHg‘5 samples tend to be more clearely sputtered at high acceleration voltage.
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Fig.1 Schematic diagram of polyatomic ion beam system
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Fig.2. ExB mass spectrum of n-tetradecane ion beam.

FEl, PR - HEDBUZFEF0 T4 2% BRI R
THAEAREES>TVS. £ 1IKBEFDFA A DOREEM
ZIRT. A4 ACRBEMENCIE n-7 b 5T A (CraHao) %
FRALE. FRICTRIEET Iz CruHa ZEFHEREICE DA
F LEFER 50 mA, AT VEEFEE 00V ICTAAY
fbxy, 1 FVE—LEER L. Bohiz¥—LIZ ExBE
HENHRICK>TEHEN L. K2 IC/EBE3.0kV &
L7ZIZE D ExB BENHARY MVERYT. Kbhbbbhd &
3512, DTEMN CH, ICHY T 3 YR TERFHIFAAUD
EENTNS. TOFMDS CsHY, CeHf, RU CroHY, %3
AU, ZNTNRERTOZRFIFAA L OREERICLS
RS FREORMEZRL 728, EABEICKD 8 mm FE%E
TV, Si(100) BEARREICIRST Uiz, BBETORE, SiEMRD¥ES
BATVUVARTIAI L, REHHHEE L BEHERERT 2.
AX e — LB BIKRFIHRE T 4x10% carbons/cm? & L,
IEEE Vo & 1.5~9.0 kV & LTERET- 1.
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Table 1 Irradiation condition.

AR n-tetradecane (~65°C)
A HE CsHY, CeH{;,C12Hy
A F CERES 1.0 x 10~* Torr (f87R1H)

2—7y MERES 4.0~5.0x10~5 Torr (f57R1H)
A4 NLEFEE V. 300V

AL MLEFER I 50 mA

BEREE Va 1.5~9.0 kV

LY X&IE Viens 0~8 kV

RS 4x10'6 carbons/cm?

EFRAIESE High Resolution Surface Profiler XP-2(Ambios
Technology, Inc.) %W TRIBHTEE & BRI ORMERZH
EEITo Iz

KERBOCZRERE ST U ORABICE DML, SiE
WROEBEE L RERE TV T +— FMEHEHELHHT (Rutherford
Backscattering Spectroscopy:RBS) HIEIC X DFHHE Lz, &
< VYIS HORIBA D5 < VEEMEE XploRA % HW
THiolz. L—¥—ERIE 532 nm THH, MEERLIZ 10 &
L7z,

7z, RBS HiEEBEZANT, 2.0 MeV-*Het /%A
X BTzBED Si(100) DF ¥ 3V Y FRIEEITY, BIERLK
RERIHE L. K 3(a) ICARBS Si B, CsHY BAERD
F¥ 2V T AR PIVRUS Y ELARY MIVERT. (b)
BY—T 2 A= {HREDOF v 3V VT ARY MVOHEART
H5%. H3KRT LI, SUYEALAAND Het Z A L
BE, FEOEFBTHREINS Y, Y—Tz—A¥—U%
Bz, —4, FyxU Y FAAMD Het ZAS LIZBE
&, TH3RIVF— 1000 keV (HRICETBETFBICK OEEL NS
Het DY —T7 xz—AE—IHHNZ, K3(b) KT LI IcE
WREEOEMBEFHEL EBIEY, Y—T7 21— —TOEHE
WRELZS. Th&D, Y—Tx—RAE—JOEBE, LENL
BEFE N, ZLUTOXNEH U 5], EMEFREERIBER
& UTHRHEREOFEZTIT o /2.

_ A—Aoi
Y M

TTT, A BBESiEIRODF v 2V TARY FVOMEE, Ao
KEBES Si BERDF ¥+ 2V VT ARY MVOERE, Ho: FVF
LARY FIVOEBOGEE, e:1 F ¥ 3Nz DIRVF—
18, [eo) : TRNF—BRT 77 +THB. iz, K3(a) b
bhB &I, CHY BHERDF ¥RV ITART MUcH
W, TRIVF— 400 keV [FIHICRBEOE— I DBHENA TV 5.
REOY—JHEEEKREG Si BEROY—T 2 — A — I EHE
LHES B C L TEREE R CAERCEEYT % BAmEY 2 0
DRFEDEHZFTHE L.
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Fig.3 RBS spectra for (a)full range, (b)surface peaks.
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Table 2 Prepared samples

Y7V No A4VE MEEE (kV)

A CsHF 1.5
B CsHf 6.0
C CaHY 9.0
D CeHT, 3.0
E CeHY, 6.0
F Ci2HE 3.0
G Ci2HZ; 6.0
H Ci2HE 9.0

SRS LTt > )V O KR BB & IRGHTR O R ERZRIE DS
Rerd. (a) IIEEBEEFME, (b) IRERT 1 EYEDIC
BELUAHIIVF—EKEERRL TS, BHERVTH
% 4x10'® carbons/cm® TH3. Kb bbhB X3, CsHF
FESTEMR T, MHEEBE 1.5~9.0 kV TH 15~20 nm DHERE
Lixb, CeHf, BEER T, MEEE 3KV, 6kV TZNT
KI5 nm, 10 nm OHEREL o7z, FHICH LT, CioHY
SHERTIE, INEEE 3 kV TRIBHHEE & B EROETER
EIRHEEARUTTHD, MEEBE 6 KV, 9kV TERETIY
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Fig.4 Step height of edge of irradiated area for (a)dependences

on acceleration voltage and for (b)incident energy.

7nm, 10 nm DA/ &2 VT Lixolz. K 4(a) ITRLUTEE
IMEEE 6 kV DAL, X 4(b) ITRUIEFASFTRIVF—
0.5 keV DEHAHEBHICBOTE C3HY, CoHYf, BHERIIHE
LD, CiHf BHEHERIE Ry 2Y VT OR-RE KTz
Ih&ky, 13 VEC K DEGRERE L OHBEERIGENDH S
TEHTRHBEND.

3.2 IRVARYT IV

51C C3HF BBHHEAMRD 1500 cm ™! (FHiED TV AT b
IVONREBEEKEREEZRT. bbb K5I, IHEREEH
9.0 kV DEMHFTE—VaEIEREAZ <KD, 1500 cm™! {F
SETHI 300 counts TH o1, WIENE ARY FIVOFERIZE
LLTHY, 1500 cm™ HED G /3 F, 1300 cm™* {F3HD
DAY FHEN. chid, BBNEXAVYEY RSA T h—
R (Diamond Like Carbon:DLC) DSV ARYT ML &—
BLTW3 (6. ch&b, BERREICAAVEYFSAIh—
ARV (DLC) DEMEREINTVELEILNS.

6 1 C1oHy; BBETEMRD 1500 cm ™! fHED TV AT
MUVOIEEEKEFEEEZRT. Rhbbhs &5, IEEE
9.0 kV ODEMHTE—VBERRE/NE <KD, 1500 cm™! fF
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Fig.5 Dependence of Raman spectra of CaHZ," -irradiated samples
on acceleration voltage.

JTTHI 30 counts TH o7z, E£/z, G/AVE, DAV RO¥—
V3R TE Y, DLC OFESEREINTVEVEELIENS.
HEEEE 3.0 kV, 6.0 kV DEHFICBNTIIIARY bLIC
GV RE DAY BN K 4IRS RERENETIE,
IEEE 6 kV D CrHi; BEERIE RSy 2V FTEhTH
BEVIHRERTH-T=M, CrHE BHEERICBVNTE DLC %
BUBIERIN TS EEXDONS.

CioHY; BRETEMIE C:HY BHEER L HEET B L, GNAVE,
D NV FOY—V58EId/NE x> THED, CrHY BEER
IZF1ES 5 DLC & CaHY BHERICHRT ARV EEZGN
5. CThiEK 4 IR TREREZREDOHERD Si BEIROHRE L
A28y 2 VT OBRIC—BL TS, Eiz, CsHI BBEER
TIRIEEEZEINESE/Z 9 kV TE—IMEIRERICEK ST
DIEX LT, CroHi FBHER CIRINEEBEREIME L 9 kV
TY—UmERB/Ne EoH. 1500 cm™! fFHIED AT Lk
B 1000 1 THolz. UEDSUDHOERENIS, B
AAUREICEDY GV E, DAV REEES>ERA%ERL,
a1 A U FEEFEENHZ bbb oz
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% 312 RBS AR VD 400 keV HEICR 5N BRED
C—oh b RH LB ERICEET 2 IRERETRT. CHY,
CeHf;, CroHi; BHEEROIEICKERIBO LTS, BE
BH 4x10'® carbons/cm® THBHT L BEX B L, CiH B
HERTIBH LIREREEH UREZEMZIER CHER L
mole. —7h, CsHY, CeHf, BHERTIIEH LIZREED
BHERZELDLBVERLZ-T. Thid, BESTORKE
& BREDORE, £z, RREBEHBRICB I 2HEEOME
NEZOND. HA4IRTREARENEDHR BT S L,
CsHt, CeH{f,, CiHiy BHERDIEDREBDORAZ, BE
BIROBEDEZDWAR TGRSy Z1) VT OFERE—BH L TV
5. —AT, CioHi, BEEMR CIXIEREEOBEINC S RE
BOKREREMIRbNEh o7z, IHEEBE 6 kV, 9 kV D%
HTREREAEOERM DI ZTNTN Si BRV Ry &Y
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Fig.6 Dependence of Raman spectra of Cle;},-irra,dia,ted sam-
ples on acceleration voltage.

#£3 C3Hf, CeHj, RU CiroHjy BAHEARDRER
Table 3 Carbon amounts of Si substrates irradiated with CgHZ," s
Cer3 and Cle;'5 estimated from RBS spectra.

Y7V No | [RFER (x10'6 atoms/cm?)
13.0
18.0
7.82
12.7
4.60
4.86
4.27

>

o QHHE gw

VHENTW. FLT, STVARY MVOERD b IInE
EE 6 kV T3 DLC MEREINTHYD, MEEBE 9 kV TIIE
ERMNRLNEho7zh, CroHf BHERICFEACERDOKER
MEELTVWS. cozehb, IEERE 9 kV OFMLTIE Si
BERADENBENEICZ>TWVBR EEZALNS.

K7 ICRERTF 1 S0 DIFNVF - 05 keV £723
XS LTRED CsHY, CeHiy RU CroHi FREEARDIEE
BERY. Mhbbh5s &S IcBERI CHS, CHL RU
CioHi, BHEERTAZRELIRONEh 5. Thid n-T
FSTHVEBREFDFAZT N, BREDEHRIC K-> THIEL,
BEEEFICIRNF—2NE L TERICAFHLTED, 1R
FHIODAFIINF—IC &> THREENRE>TVBT &
ERELTVS.

K 8 Ic CioHE, BHEEROBIEEDOMEEEKEFEZRT.
IEEEOHEMCE, BEEMREAICEMLE. ThiZA
HIFNVF—HEMTZ LT, LOEIDHAT— FHER
ThalzofEeEZONG. thb kb, SiERDOEBEERICHE
LT, CsHY, CeHf; RU CroHY B TREFEFHFAF
THIENARRICEZ>TWE EEZHNS.

4. # =
STUNRBEOER L RBS HIEIC & B REROBHEE



Dose = 4.0 X 10" carbons/cm’
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Fig.7 Namber of displacement atoms of Si substrates irradiated
with CgHI‘,’ R C(;H'l"3 and C12Hg'5 at 0.5 keV/carbons.
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irradiated Si substrates on acceleration voltage.

M5, SiEEDRERMNTEME, EERENEORRE BT
BEAEESTVS. THIRBRTBM OIS A >
DRFEIEELTVWAZEERLTVS. LL, SiERD
BERICEL T CHY, CeHf, RU CroHE BH TIXEAS
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WENTHBEELERS. Th&kb, BETFDFAAVONTER
DENIC X ZHBHHE, BEOBICHEYT S DLC IcErR 5%
20TREVIEEZBNS. R, CpHY BitlcB LTk
ROBCEZDBNS. (1) EI3IKRT LIS, CiroHY BEER
ICINEEELSELL TEEASORENEFETS. (2) K6 IR
TIIVARY MVEBWT, IEEE 9 kV T3 DLC &L
BRTERV. 3) K4 iTRTRAREREDHERICHBNTM
EEEDEIMCEN RSy 2 V TEEMER LTS, DLk
DTehb, BOEHSTAA YD CroHfy TIRIRERHEHED
TR E - AN RV THBETHD, SiBERDA/Iy X
)Y RUREOFEADEL TR EEZBNS.
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