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Quantum confinement effect in the valence band of Ge nanodots, fabricated onto an ultrathin SiO2 film on Si(111) sub-
strate, was clearly measured by means of photoemission spectroscopy. Dot-size dependent shifts of the highest occupied
state were well described by quantized energy levels of confined holes by the spherical parabolic potential. Two-types of
Ge nanodots with different interface conditions, named as ‘epitaxial’ and ‘non-epitaxial’, can be fabricated depending on
the growth temperature. The actual confining potentials for the quantum states in the two-types of Ge nanodots were evalu-
ated, which clearly indicates drastic reduction of the confining potential barrier height for the epitaxial dots owing to voids

formed in the interface SiO2 layer just below the Ge nanodots.
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Fig. 1. Typical RHEED patterns from (a) the non-epitaxial
and (b) epitaxial Ge nanodots, and schematic cross-
sectional drawings of the interface region of (c) the
non-epitaxial and (d) epitaxial Ge nanodots aligned
on the oxidized Si surfaces.

. > e
void ~1nm”i:

IZTFEET B SiO ED DT Ge Ry b & Si & NFE
ToNTWBZ EIZHS, —7, 430°C LA L OIARIREE
THREXE~ZGe Ky b, Figl ) OXSIKKEy k
DJFEFE N FEMRAS 1230 U T epitaxial THD Z & ZER
THERBEBZARY 25 X250, ZhidFgl @)
DESIZRy FEHEREDFHED Si02 /ML (void)
NEL, ZOMLEBLTGe Ky b & Si R ENER
WAL TWRZERHZEZEZOLNTNS, ERETH
ML (TEM) ICX2HENS D Ll O 2 ZFd
HRERNEE I TWSS B, LML, T5LEERY

FMEBRATO 1 HFEOREDEVWNEHCADRT >
PXIZEDK I REEERITTH, WD ZEEBHT
LHHHTIIARN, BT 580, By MNADOFy
7 OHUCRADIZE > THEL 2ETLTRIVF—HEMIIE
CIADRT Iy VESIKTET 520, ZOXHRBR
TS DE(L L ENWREH CADR T > > v )L & O
ZEHEMIT B &3, ERRENABROBRS TR
MmN S HIEBICHETH 5,

AWFRTIE, W Sio2 g RICER L= GeF /J Ry
MU TER R RIVEME (STM) BRB XL
BTV (PES) WEZEIFWN, Ry b1 XIEEL =
M1 ESALE O RN 7 Fs By MBI
HIELORTHUADIIROFRB Z2EEMA L. 35
12, BT EZRINF—HENO Ry bY 1 ZREEN S
epitaxial & non-epitaxial 7/ Rw M ZENZEN DI 2
BUCADRT Vv VNEFE LS Bigb 2 L& RWHL,
RuRE T REOBEICX > THUADRT > ¥+ )L & iilfH
TEHZEZHEMNTL =,

1. £ B&

ABHELRIL, EHE1~10Qem D n B Si(111) W7 =)\
—M5E 0L, cha1y / —IVBLET7ERHT

FRVEH U 1%, BEmEZh TEEMBEICLD 1200
CRRITIvI I TTBHIET, SilI)DFHEHTDH
HIXTOXREBMBEZ B2, XHBEEEOHERIZ
RHEED %W Tfro %, LU & Si Fti & 21074
Pa DEEFFFK T T 10 7 BINT TEERMNS 630C £ T
RiET 5L, EMEICIEE 0.3 nm O SiOz AL X
NBZEBHMENTNSY, 25U THERL =M Si
FRALIs Bic, HEBEEREZ 550°C ITRFFL /2D 5 Ge 2 2%
HTBZEIXDERSIA1DETITH U T epitaxial 72
Ge 7/ Ry bz, 350CICRFELENSEETHZ L
IZ& U non-epitaxial 72 Ge F/ B M ZIERR LU 7z, Ge F
J R b OEMIZ RHEED I &k > TR L . Ge D
EETINIFHEEBEWNRAT Y MTBET S Z & TITW,
610°CICPR - 7215 W Si(111)7TXT BHMNTERIT 5X5 1
WIZELT AL R 28R QBL) & U TASEEE
BWIELEY, 2B, Z I TS Mg TromEn
(111) Ui 2 @A ICHE L WRTEE  (1.57X10%cm~2)
Z1BL INA LAY —) EEZELTWBDO, FBHER
ROHEZREEIT (BEBREZEREZFRNT) 2X1077PaLATIC
RENTWE, STMBIZRIX, BMUBICK D EHLEL
AR WE (0=03mm) 2 ELTHYL, 2T
FBRTITo 2. RWEEATAHMOEEELSi(111)7X7 OB
frfazEREL LT, MEAMIERERFATY 7TOE3 %
HAEL U THRIEL TW5, PES JliEl3, He i&EE (VG
fk $ UV Lamp 232) 6 D FHIGH (He-lo; 21.22eV) %
YR E LT, VG DET /1% (ADES-400)
ERWTITo /. 7x)VIEER (Br) OfEE, #klz
RELTVWE Ta 7 S TITNSDRBEBFART RIVET
TV - T4 T IR TRMRT 4 v FTBH T
ETHRELTWS, XBETOHFAEIEAERET, £
TOWEITERTITbhNZ. STM B KU PES D EERIZ
ZTNENMNL O E I T - 72,

2. R EEE

350°C BE U 550°C IZhk > =t Si BALIR 112 3 BL
D Ge ZEBEIHTIERLZGe 7/ Ry FD STM %
Fig. 2(a), (b)IZ/RT, AIERDEY, Hi#H D non-epitaxial,
BB epitaxial 72F /) R MZHIET 5, 5D STM
%M 5, epitaxial Z8F / B b & D non-epitaxial D H D
OHDBFECEBRTH>TH Ry ML XIBRKRENLD
KRZ%, K0EEMICIE, STMBRICEN M~ DT
J Ry FOEDBIEHERERAZ EFTWSZETRY b
YA XD AR RABEL 5 ENTES, 5L
TRDEHERY MY A ZOHBHEE Ry FORRED
RNERKRERD LDy M AN, BlE3IN5 PES
AR VKL THR®AFEHT 5 TN R) Ry MY



il - E OB - BRBJIMER] - H)IER 525

1 ¥ 1
g R ¥ —O0—Non epitaxial
g v —e—Epitaxial
w TN
E 25 5
g / o /‘ o
< d 0
§ 04 ee0”° ;\-\o-o o 0-06C \950/ \) o
[ T T T T T 1]
z  [12BLj ¥ 24 BL .
c25] 14|/ ] Vo
ks} / 0 Q . / 7\0/ \
% » \ .,c/ “5.0 \._r' Q
o 04 008009 s -0 r olﬂﬂe»'ooo'?’ \-\?o

0 4 8 0 4 8
Dot radius (nm)

(d)

)
o

=
£ 64

.

s __e
S 41 " -7

S 1 o0 e’,,'i'

S 24 - O Non-epitaxial
© 1 ® Epitaxial

<

& O MR CHE B LN N O | L | AR Bl ]
= 0 5 10 15 20 25

Ge coverage (BL)

Fig.2. Typical STM images of 3 BL- (a) non-epitaxial and
(b) epitaxial Ge nanodots. (c) Size-distribution of the
epitaxial (gray) and non-epitaxial (black) Ge nano-
dots at respective coverages. “Typical” radii of the
dots are indicated with arrows. (d) The typical radius
r of Ge nanodots in which the largest population of
deposited Ge belongs, plotted as a function of Ge
coverage.
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Fig. 3. (a) Photoemission spectra of 6 BL-epitaxial (black solid line) and non-epitaxial

(black dashed line) Ge nanodots formed on the ultrathin SiO2 film plotted to-
gether with those of a bare SiO: film (gray solid line) and clean Si(111) 7 X7
(gray dashed line). Inset: An expected energy diagram of a Ge nanodot between
vacuum and the SiO: film on a Si substrate. (b), (¢) Magnified spectra near Er of
(b) the non-epitaxial and (c) epitaxial Ge nanodots of marked coverages. All the
spectra were taken at normal-emission angle.
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Fig. 4. Energy shift AE of the highest occupied state
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FORBELENERY M1 RIKET 2RIV
F—0ELEERBWITHEIT L. Ry MY XITEKFEL
b AR TIREDOY 7 MBI ERT > v VI
Ko THURADENEZIEADOETLEMNDZELEL TX
SHHATEE, ZOEFTINEANT, BloFRy b-
HERAERTEOBEZHF D 2HED Ge >/ Ky MIC
DNWTENENFEINBHCADRT Vv VEI &R
BEH0, HRmELE LI/MMNECTWSTF 7 Ry M
ZHTEVNEDERTEVWHTADRT >+ V&R
FELEHSMNI LU, AMFEOKRIE, /Ry O
BRALEMEHET S HEELT, Ry ML XETT
< HEREOMORER TEOEENAT S EHT
EBHZEZRLTNVS,

E -

AR AR IR AR (JST) D URIEAY A& 5T
HHEFE (CREST) BIXUHAEMRA S DEIIZ X
STIHONEZHLDTH S,
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