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Focused Ion Beam (FIB) technique is applicable 1o prepare a sharp tip for Scanning Tunneling Microscope (STM). Qur
simple calculation shows that radius of the FIB milled tip apex can be reduced to be smaller than the spot size of the FIB.
In this study, a GaAs tip, whick has a potential ability to resolve information about electron spin polarization in tunreling
currents, was formed by means of the FIB. The FIB produces damaged layers on the semiconductor surface, which are thick-
er than those on metals and thus prevent electrons from tunneling through the layers. After the damaged tip was dipped in
HClI solution which can selectively remove the damaged layer, Highly Oriented Pyrolytic Graphite (HOPG) surface atoms

were observed and the [-V curves showed characteristics of the semiconductor.
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Fig. 1 Caicutated FIB milling steps using annular beam defiec-
tion profile. The jon beam sweeps over the annular pat-
tern with radii of (a) 0.3 pm and subsequenily of (b) 0.1
.

3. GaAsEEsTOMER

3.1 FIBIL 35T

FIBK & B MITEMZE < 3 kHic, FIBIRLIC
el m RS 1~ 2 ym B2 B L Hin ey
VR0, pHlGaAs(10¥ m~) (100) D7 T EEF
MO—30A50.5 mm, 4320 mm QR B LETF
FEry Sy VETCH LEBECEREBL, 5 mmBEE
VRICERA XS ICERE L. =y P v ML HSO,
O, HO=5:1: 1 DEEEHnE. BROAER
70 COERAG D ATy F I ETD L, BRI
COm S SN L E BT LR L LIRE T
Ry AR ENLD, EH I um BRI D,
B et 5 AT NRL Tl L o LA

T OEEIEFIBIZ &0 ik Lk, Egtofubidic
A4 —neAREE LAEEEORE D 275, =
DLEDAF Y — NERES200~300 pA, ¥—hiE
EFOPEE Ty Fr FXROEHBRICGEKET M B
E#F1pmd L, ZOBETIEFg 1) RLEES
BIR LA D, HERS ORELRET R TRERT
WEREL I OHRORCA F Y — A RETH LT
roTH S, Wiz, BEMNOEEER03 um~0.1 uniZ
FECHAIED, fAFrE—ABEREEHNS~10 pAlZ

— 34—



BAE O EREA - GRS - BsE— 487

Fig.2 TEM image of an FIB-milled GaAs tip. The thickness of
the damaged region produced by 30 keV Ga* beam
bombardment was 40 nm.
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Fig. 3 Measurement of the ion-beam damaged region. (a)AFM

image of the ion-beam region, (b) Profile of the jon-
beam region averaged along the line A-B in the squared
frame in (a) Profile of the ion-beam region averaged over
the formed area along A-B.
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Fig. 4 The depth of the ion-beam region is proportioned to
time for the first 15 min. The etching is nearly terminated
at the surface of bulk GaAs wafer.

F o TBPThITNSZ L5, B, MILsEED
B A S 2 S VAR WS OTROERIZ RS
ot Z 2P BEWVERIEBELNTND Z kit
2B, TORRLIOIMLBIEH TRy F L FL— M
BIEinm/mink BEL GRS,



488 #iEEYE H18% BsE

Fig. 5 TEM image of an HC! eiched tip after FIB milled.
Thickness of the damaged region was reduced o 5 nm.
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Fig. 6

STM image of the HOPG surface obtained by the FIB
milled and HCI etched GaAs tip. The tip bias is 0.9 V
and the imaging area is 6 nm X 6 nm.
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Fig. 7 Tunneling current characteristic of GaAs tip on HOPG.
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