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Porous structure formation in semiconductor surfaces by fast Ceo ion irradiation

BrHAF S, LHFBERLD, FHEK O, FEAF D, FHE— D,
SEHMRFED, WHEE O, BiE—HE O, THES O, [IHAET 9, FiFEE o
Noriko Nitta 4, Hidetsugu Tsuchida # B, Shigeo Tomita @, Kimikazu Sasa D), Koichi Hirata P,
Hiromi Shibata P, Yuichi Saitoh @, Kazumasa Narumi @, Atsuya Chiba @,
Keisuke Yamada @, Yoshimi Hirano @

A school of Environmental Science and Engineering, Kochi University of Technology
® Quantum Science and Engineering Center, Kyoto University
©) Institute of Applied Physics, University of Tsukuba
D) Tandem Accelerator Complex, University of Tsukuba
® National Institute of Advanced Industrial Science and Technology (AIST)

F) The Institute of Scientific and Industrial Research, Osaka University
©) National Institutes for Quantum and Radiological Science and Technology (QST)

Abstract

The effect of cluster ion beam irradiation in GaSb surface was investigated by formation of porous structure. The
formation of porous structure is dominated by self-assembly of ion beam irradiation induced point defects. The cluster
ion beam has the potential to change of point defect density on cascade collision. In this study, GaSb surfaces were
irradiated by Cgo ions with energies of 540-keV and 6-MeV at two different temperatures: room temperature (RT) with
no temperature control, and low temperature (103 K) with liquid-nitrogen cooler. The formed surface structures were
characterized with a high-resolution scanning electron microscope. Comparison of the samples irradiated with monomer
(Cy) and cluster (Cgg) ion beams at the same equivalent fluence showed that the porous structure was observed only for
cluster beam irradiation. This indicates that the formation of the porous structure is due to the high density of point
defects induced by cascade collision from the cluster ion irradiation. The cluster ion irradiation is therefore effective for

surface modifications.

Keyword: Fast Cgq ion irradiation, Porous surface structure formation, GaSh

1. [ZC&®IZ

FE AR (Ge, GaSh, InSb 72 &) 124 F v B —A
AT L, FEHIZT I 0BT I a0 B ED
R—T AEENTEREIND Z ENFHHNTWD[],
IO XTI SN gL, BT - T A
A A, BlzIE, LSI 7 4 b=v ZiEd7e E~Dk
AN END, Mz T, A—F 2 X, WEH
SO EEHR~OFIH L ARETH D, HN—T AfEED
TERRA D= AL, A4 E—LBHIc k> Thl =
EZENd A7 — FEEIZEY . HBNICZ &I
EBAINDSXKM G TFERTEORT2E50) 0%
AL D EBRHL N> TV D[2],

AWFFECid, ERRIOR LI BE MBI OF T |
B A MRS IR 2N B 12BN D GaSh 12k LT, Ce
P TAR—AF RO CHFAA A BE %2778 -
7o ZHDHOMRK TR SN RS2 i 2
ZET, EEY T AZ— DR R R AT,
FIZ, VTR —AFUREIIBWT, BREE S
B S G- FERAEITV, ARMEE OREKFICE
B FmEEEDZIZ OV TN,

2. RE7GE

EBRIL, Coo 7 T AKX —A A E— LB 2, Ei
F TIARA DA A R ANNESSERE (NH40SR H T

#tsuchida@nucleng.kyoto-u.ac.jp

HH) KO o7 AnEEs (9SDH-2 >k NEC) . C
B A A e — b aEASttRmH LV —F k¥
—IZEFE LA A U EALEE (IMX-3500RS) (2L - T
fFo77, Ce E—LDAF T RLF—|T, 540 keV

(Ce®) & 6 MeV (Cg") TH D, CHFFE—24
DAF =RV —F, FNHD 1/60 D9 keV & 100
keV Th 5,

He AR I, HiAS S GaSb(001) % Uz, R—
T AMEE R LT e B — AR R, RIS
SN MHE A 4 B EROFEEEZ S &2 GUB
FMRS 18 nm OFEIKIZ AR A A 1 @H 72D 1600
E D KoL) [3]. KMaE: % TRIM code & VW CH
HL72[4]e AEBRTIT Cpo E—2 T 10" - 107
ions/cm?® D#IFH & L7, MENREE X, =R L iiA%E#5E
THANLTZARE (103K) Thd, FBE Lz EoFE
HEZIT, ®A TR KD FE-SEM % AW T{T- 72,

3. fa

A A B — LA MRS L7z GaSh D # 1k SEM 4% /19,
HFEF L 7 5 AF—E—LDORNEMEEZFRCICT 5
728, Cep OIET /L F—(F, C BT~ T,
60 1 (B —ADEAESZFE L) | FBEHRIL 1/60 (5
B 140 % B L 7= equivalent fluence |Z[F L) (2L



[H27-04]

TW5, FEHTRE AL, ST RE SR
WTC, C HETRE clIfREsE IR EIng., —
ji\ CGO Tli\ iéﬁ”:ﬂ_\g"— 4 X*ﬁﬁﬁ)ﬂéﬁk é ﬂf:o C6(]
FEEHZ W T, AR = R/ ¥ —540 keV, FREH 9.7
X 10" ions/cm® DB} Tl BRI OREE AR )N Fh — 1
W S ILTW D, ZOFEEERITH 53 nm Th -
7o BEE% 3% (9.7X10% ions/cm?) 120 L3R
BECIX, —HOEERFRICKEL TR, 206
IROBRIEZER 2y D EAIEIF 53 nm. fH O EAIIH 38 nm
2725 T 5B, i, Co DAFT=FR/LF—% 6 MeV
m < LIRS L23lkCid, eofiE & 13 720,
HIROEENER SN TEBY . TOEEZITH 54 nm
Tholz, ZO LIz, A—F AL, BEEL
AR Z XN XL > THFICENT B Z Enoh
b, Flo. 7T AX— LB A A VRS E O

HREF
C*(9 kV)

DS ARB—
Cog? o SA0-KV)°

5.8x10% ions/cm?  9.7x10'3 ions/cm?

C* (9kV)

2.8x10" jons/cm?

Ceg* (B MV)

1.7x10'® jons/cm?

“c* (100 kv)

2.8x10" jons/cm?

1.7x10"% jons/cm?

Figure 1. C B KL N Cgo 7 7 A X —HREHZ L D
GaSbh £ L=t D SEM 4.

SRR 28 4 B I - A St R R R RIS
HEEEATTE R

M6 Coo BBET D F N C TS L LR —TF A4
EOERIIZHAERTHD Z ENALMIRoT2, =
Nit, 279 2F—A 4 E—AZLoTHELBER
Ma2s, RPN S@EEBETH L Z LR L TWD
LEZLND,

Fig. 2 1%, i & ONRIA = 56 2 -V AKIR T (103 K)
WICBWT, CepZ FAX—AF L E— LI L DR
S 2 R~ AR 2L —(% 540 keV, MREE(
7.6X 10" ions/cm® TH 5, HEMRE TIX, F/ 4 —
H—DR =T ABEPER SN TODLDIZH L, =
BT BNz EMMAEEI N TWD, 2,
RRIZBWTHEERE R S TWnWD 2 2R L
THEY, AXRMBOBEINEEICEKFE L, KETIEZE
DBHNGTFoNZZLicisbntEZILND,

A% OMEIL, A EEEERICE DL R) -7z CH
T E— ABEHZB W T, HERRICE S B &%
EERENCHL NI L, ZORENS, 7T AX—D
LA BRK RN BT B — AR R T, Eo
BETHLINEEEMIMT 5, BT, 772X
— A F =ML DR—T AEERRICB VT,
FOEEERET 5 XEN T2 LN T B,

&R (103 K)

7.6x 10" jons/cm?

Figure 2. IR &K OMKIR (103 K) Cq 7 7 A X — ikt
12 &% Gash R K L 7= #iE D SEM 4.

SE Xk
[1] D. Kleitman and H. J. Yearian, Phys. Rev. 108 (1957) 901.
[2] N. Nitta et al., J. Appl. Phys., 92 (2002) 1799-1802.
[3] Y. Yanagida et al. , Nanomaterials, submitted.
[4] J. P. Biersack and L. G. Haggmark, Nucl. Instrum.
Methods 174 (1980) 257-269; J. Ziegler, Software and
web site, http://www.SRIM.org.



