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BT WS VIR R B Ge I T2, A KRN Ge BT mFEM K ARM 4 B 7 S TTBUR A 650 °C,

PUBUH %8 4.6 ML/min, # i J5 A28 KB 8] 24 5 min, Ge R FERIVIREE 0 798 () 0 = 8.3 ML; (b) 0 = 9.5 ML;
(¢) 6 = 10.5ML; (d) 0 = 11.5 ML; () 0 = 12.5 ML; (f) 6 = 14.5 ML
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KFIGTHE @ B, A Gedb T # IR ERA, oA
£ 3D & s IETIRAR, PR AR AR R 2D IR S, R
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T 3 A R TR R K K, TR B PR B B i 3 1 2 1
JEF-TERTH N T 983 T A 2D 5 IS, 1) B 1)
TRHER%, #alh 3D AEK. MH 2 L2 R 176 2D
I 7 5 54, 2D Byl #5480 3D AR K B AR
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BT  EE ve T 2D IG5 3D &1
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A r 42D B4R, Do MR R T RT3 BUR AL,
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Hap. Ht, R4 2D Byik 3 R A4 T L
A2 N 3D B s, BUI R T R 0 A R BE 2 SR
1. (3) AERM, B 1 A M A R B R R 1 AL
R R EREMMNE T GB A, BT &7 e
Jl2s sl P g — B SRR AR e, (AR TR T R
N R RN AN PN BT e o R i MR Y I RN TR SN
HGH K BT 2 2 AFBR B T IRARA R B S
AU BRUTAR 2R 0 0 SR 5, (RIS 4l 3R 2D
i B AR ORI BT, (645 2D Il 5 5 B R A B
/N, vo B8/, B, 7E /2D AR K 3D B K
AR AR 58 BJE, Bl 0 AN & 5 mi A1 L AR
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A sE, I &R B, &7 SR R A
(A3 S AR A FRATT A S B W 5 — .

5 MBE, CVD %4 K & ¥ s A8 L, IBSD
AR Ge B mibf 0 BAARAFRHE, 1S
W S B 4o R T I R BRI Bh e A 5. R

IR F AT BB B e 48 0.2 eV, IXFE I RE R K
AN R R FAT MBI RN R, B RGP
WETR. KR S5Z2AF, XH IBSD Hik4d
K Ge &1 A, W4 5 1R A KR HN T RE
I REAE 10—50 eV [E [ py (290 #5317 — 2 3 R
W 5 R 2% o B A AR KSR T, R B AR AR
KRMWEFHEERH 28BN RGN RE
RASFN LT B FAT N RRAE, AT I ) = 1

o (a)

Rid)=

AR AR, P IR 7 2R T 2D & B 3% T BLE
R 6 AT UGB D700 I G T B
R/NANE 1 25 4, B B sh se Ik R 1 5 &
T W B B il 4 AT B R S e, SRR T 3R A )
i (B 6(a)) AT # 0 (B 6(b)) #9285, 7 #i ) 3)
B 2D AR E, B i h B e i R R
T IE #2 BE 0 3 5, XA A Tk BT SR AR
IR, R E T /RS B A, IR R
TR RA KB REIE K+ R W MR T BT 2D 5
fIRE R BE (K8 5 eV), I I 7 & A 5
% THT W B B S, 2D B R RS g /s B i S
E LA, 2 AR E 1T B K A, X R I R
TR o 4e 3D BT A B AN T AN BN K
H2

T o
988 4

R

6 PSR T R AR T AR RN R (a) 2L 2 BB, PSR Sl R T R T 2 RS R T A B
(b) LB S BB, P I - o 2R T B B R ) B & /i ko sh BT 1A)

BT 0 S R T 1 2% T o SR T R B R A
K i, AT DLW %2 2] IBSD 4K Ge &1 51
1 2D ZE K] 3D AR KA AR (IR J2 I I I &
K. TR BB 2D S 2 1R 35 0 i A B
FRBR, IR 2 5 FEE D388 o fof A I A Ak 2R (1) i 4
. X FBLS-K B aRAME A K AR R R, BT A
()T AR A3 7E B 7 R 10 R B 0 5 Ak 3 1 R AR B K
g AR B (261, 38 N AR R 1 /F FH B4 2 i
JEF BT s (RS I I 8 12181 IR L, A8 TR E
R—E MO, B R RO & U R R T
AT NRFAIE, A5 i OIS VR B ful A A8 K 1) o T A2
K, XA RT3 AR GE A 15 121027 A K15 3
BT o K. R, &7 SMAERKFESE
KR TFAERT A LM REMMNE T AWK LE%
JE S, J5 o 52 BN R L1355 43 A 52 . 7 — 2 1

IR, BT R RARE N RS A AR
R PTRAT NIE BB S T B SR, XA AT
1752 T 157 2 AF IO PR, AT LAY 2 PR R 7474
FELAE FEAS R G (1 B B el i MK 7). 7E MBE %5
JEAERK Ge BT RIS, MRSF &7 IE

R RE R RE AR T AR A I R A i/ ME, BT RUBAR
23 FR AE AN [F] RE RS T 3R W R 118 31 7 3

FHREFER, &1 A KRR Z R, 3R
AR K, 12 JE Ak T AR A, X A 15 2R 1 SR
T (113), (15 3 23) Sl A A ORI d T AR
B FaE, 7F Chung 25 122 (o #F 70 v th 0 %2 21 [A) B 11
SIS

SFFERCPARES N EARAE KN R T,
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PIASTT REAFAE A RE A DUARZIR I 2 2R ) JL
HEE®. BERZ, ERVET AL AR TR
JSAZ AR [ B 3 A B 5 320 2 1 e D14 e
TUURER I J2 2% 0 ) B 1 8 5B TE B 2D 454, 48

AR X & A K ARG B 220N, /8 IBSD
KB R B R PR R AR KSR T
[ AR X BT R %A — E I E A, (H
Xt 2D A KA F, FUER A IBSD A K& 7 Sl ik
171E 2D 1ZIHE 2 M1 3D & s R A K d 2. B 2
A 3 4 R B oK, 78 IBSD A K1 Ge 1 A1
PN AFE IR B, 24 0 /T 10.5 ML B, A2 K1) Ge
B R RSTEUN, &1 Ao R 0 B hnsg
MBI K; 52 M, 2460 KT 11.5 ML B, K1 Ge
BRSO, B0 1380, &7 5S04 %
FE BRI IR, A6, 7E 0 B 10.5 ML 0% 11.5 ML
i, T e W LPALIH H B RIS o
T, AT SRR, X E Ge BT M H—A
AR B R S — N B AR R EHE R
& BRI E, TR T A IR KR Ge R
T 52 MM, E 4 R ER, 26 H 105 ML
BNE] 11.5 ML B, 75 5 2O R AR K H 2 fid 7 ¢
K (15 3 23) dnif, 13 2] o BRI TA & §

P, PERE S & AR K, RIEE R AR
4.
8 AR IR R A T 31 R IR,
Gy 43 i WA161 ) S 1 T AR 2 B Ok, A R
THET AR 46 P33R Song F5 1)
Wt g (1428] 323 J2 fr) JE B 184 Jin mT DA K B 1 R 1)
UG RE, BT U RO 2R BRI 2 R
B oK, £k
Y = Yo exp <IE{§;), 4)
X EAO NIRE)Z R FER IR & 7 5% 0 #e
MIDTHR, B NE 4. R, 78 1BSD S fE 9, &7 5
(1) A% 75 B2 5 B8 b T A R 3% o 6 3D Bk AR
K gy, LR T 2D 129 2 & B3 N &1 0
Az . 24 0 £ 6—10.5 ML 5 N B, Ge J&
T B RAE K BIBOE R, W R & di i B A
) A% S 2 AR L, 2D 329 )2 F1 3D &1 A R I

A K, IRIEE R AR T A ERE 0 RN [F
Iy 2218 16 K, 58U AR i R s 5 O e B A 1R 2
JEL R 3B AW K. M RS RERIA R & T T H
— AN KB B 5 A — A A KB BU AR IR AS
R EEROK, B S e ROR, R &
R RO e K T BUR RS T I B AR A%
2. (A, 7 1R = B AR T DL & R A
KRIBMEEZ M Ge J5 7, IXHE/Z ™ 6 B 10.5 ML
Hm#) 11.5 ML B Ge & 7 s 00 A %5 R E 2
JRV K84 T f B SR R 22— AR T A N AR BT R Ak
SEA KT FE R, R R N AR RE S B T SR
Koy g, (2 RAE N SR REEE 0 B IT5A
TEHE R, Ge BT AU UK IO BE Bl 2 38, 1% & vk
#2018 11.5—17 ML 5 Bl N I, 27 0 sz s
FRECHT— KW BUE K, I B2 J2 1 25 gk ik
R R SRR, AT LA SR B BEE 0 3n
BT U o A RS bR, IR ) AR K AR i
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0.5

0.0
0.0 0.5 1.0 1.5
z /pm
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0.00 5.15 10.29 0.00 8.49 16.97
h/nm h/nm

7 BT RISV Ge T 2JEFE 0 43 514 10.5 1 11.5 ML ) Ge & 7 A&k AR 8] ¢ 56718 K5 ) ARM —4E &
(@) 6 79 10.5ML, t A 0 min; (b) @ 4 11.5 ML, t JJ 0 min; (¢) @ 4 10.5 ML, ¢ ¥ 5 min; (d) 6 9 11.5 ML, ¢ 4 5 min; (e) 0
A4 10.5 ML, t 4 10 min; (f) 4 11.5 ML, t ¥ 10 min
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Abstract

The Ge quantum dots on Si substrate are prepared by ion beam sputtering deposition (IBSD). The growth evolution is observed
to experience two stages with Ge coverage (0) increasing. When 6 increases from 6 monolayers (ML) to 10.5 ML, the average base
width and height of quantum dots both increase, and the dome shape dots with small aspect ratio values are obtained. As the dots
grow up, Ge atoms are also accumulated in the wetting layer, which contributes to the observed quantum dot density increasing mildly
during this stage. When 6 is in a range from 11.5 ML to 17 ML, vertical growth dominates the dot evolution. Another dome shape
quantum dots are prepared with large aspect ratio values. Ge coverage gain results in the dot density increasing rapidly. A wetting layer
decomposition process is demonstrated to give significant effect on that. The growth transition occurs as 6 increases from 10.5 ML to
11.5 ML, and the dot density is enhanced 6.4 times in this course. So it is concluded that the evolution of Ge quantum dot prepared
by IBSD is very different from that deposited on the thermal equilibrium condition. The observed characters of the dot shape and size
distribution result from the kinetic behaviors of the surface atoms which are restricted by the thermodynamic limitation. Ge coverage
is the one of the most important factors which can change the free energy. On the other hand, the energic sputtered atom bombardment
enhances surface diffusion and defers nucleation of three-dimensional islands until the superstrain wetting layer is formed, which can
also change the system free energy and the surface atom kinetic behaviors. So the growth evolution of Ge quantum dots prepared by

IBSD is related so much with the effect of atom bombardment on the quantum dot growth.
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