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Influence of Surface Structure on Epitaxial Growth

—An Example of Homoepitaxial Growth on 8i(111)-7X7 Substrate—
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The influence of surface structure on epitaxial growth, which has not been considered before in the crystal growth
theory, is shown for the case of epitaxial growth of 51 on 8i(111)-7 X7 substrate. In the lateral growth of islands on the
7 X7 structure, the island size shows a discontinuous distribution according 1o the size of the unit cell of the surface
structure, because the rate determinant process is the rearrangement of the surface lattice. This size distribution is under-
stood by considering the activation energy of the rearrangement into the free energy change in the nucleation process.
The surface structure also influences on the growth mede. In the initial growth stage, multilayer islands are formed be-
causg the lateral growth of the first layer Is prevented by the stable 7X 7 structure and seme migrating atoms climb up
the first layer and nucleate on it. However, the lateral growth of the second layer on the first one is not prevented and the
layer-by-layer growth starts, because the structure of the first layer is composed of small domains with some metastable
surface structures which is rather easier to rearrange than the 7 X 7 structure.
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Free energy of formation, G (r}, of & two-dimensional
nucleus as a function of its radius of r. (a) Activation
energy, Eq, of the rearrangement of the surface struc-
ture is considered. (b) The geometric configuration of
the 7 X 7 structure is also considered.
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Fig.2 Schematic drawing of the 7 X7 DAS structure com-

posed of Dimer, Adatom and Stacking-fault layers.
(a) Top view. (b) Side View; the stacking of dia-
mond structure (- AbBeCa+++) is shown along [111]
direction.
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Fig.3 (a) STM image (37 X23 nm®) from a quenched film
{(d =0.1 BL) deposited at 380°C® and (b) its sche-
matic drawing,
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Fig.4 STM image (37X23nm?) from an acnealed film
(¢ =0.1 BL) deposited at 380°C.7
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Fig. 5 Free energy of formation, G (), of a two-dimensional

nucleus as a function of its radivs of r. {a) During
deposition; the minimum in the region C is indicated
by T. (b) After deposition; the minimum position is
shifted to smaller size R.
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Fig. 6 STM images (100X 100 nm?* of (a) Si(111) substrate, (b) after the
deposition of ¥4 BL at 250°C, (¢} 34 BL, (d} 1 ¥4 BL, (2) 1 ¥4 BL and
(f) 2 V4 BL, where (b)-(f) correspond to the stages (B)—{F) in RHEED

intensity change in Fig. 8, respectively.®
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Fig. 7 Close up STM images {20 X 20 nm?) of the growing surface. The 2X 2, 5 X 5 and
2 X1 structures are indicated by arrows.®
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Fig.8 Changes in RHEED intensity (I) during the growth of
Si layer as & function of deposition time {14) on Si
(111)-7X7 substrate held at temperatures of 250°C
and 380°C. The corresponding mean thickness (d) is
given in the upside.”
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Fig. 9 Changes in the coverage occupied with each layer as a function of 4.
Dotied lines indicate the relationship when the overall growth is ac-
cording to the ideal layer-by-layer growth.?

RHEED 3 O RIRIEOEE Y L BN T 29,
IO, REEECRVWYREOLOBOBTIKE
k& BREL 2 DS, REMENGREE— Rk
THERZE252 B8, WRERERTSLETER
TELWERDL D &L, ¥k, ZITHNLEF—
AT, BRAES HEREE~ER L TR Y, sk
LALRLTWA3IDOREE-F (U BRE @ &
B, D EREED S B &EICEET 5 Stranski-Krastanov
B, LERRRoRRET-FTHY, HANTES,

4. & cl w

LT, BRREOMBOWTIRNETIREEYE
HEnTwizdofk, RUECTZY XX —KERY
LB OWT, IXTHE WO RELBTMREES
BT 5 si(111) #FREoSIEOEESVIZ, BED
EEHERE D LB TR, TOSI)-7X7 #H
i3, IR TR R RIETH DN, JITEAEL,
B ORmEaE RIS S B3RS 2 WL EREM O A5
AOMET, REBEEEXATZTTORLAETN TS
PPN BEETAMETHD LA D, iz, BE
BO LA IERF O 3G ERT T, SH ok
EINBERB L T2 HENE <, REUHSTEASEA
LD —BEOREE N LBRH D, FORDO
TER L AR U TSRk E A L R BT
FEMERS Y, X TELLL S B EERT AR
HEBHTHD 5,

Bbhviz, o THEMNLEMEOHSChRz Y, LE

WMIEE THDIRESA, BFHcoRKE L TERER
HROTRINCEBBLEY, 2 ZoRBET LD
5 B2, The University of Birmingham THEREREO#H#
EHEEETHWE L SAFERIRIZY -k, B84
I LT F & - fz, Nanoscale Physics Research Laboratory
> Professor R.E. Palmer 2 @& e LE 7.

X B

1) W.K. Burton, N. Cabrera and F.C. Frank: Phil. Tran.
Roy. Soc, A 243, 299 (1650~1951).

2) el i RIS ERREERE 2 R
(IR, 1977).

3) K. Takayanagi, Y. Tanishiro, 8. Takahashi and M, Taka-
hashi: Surf. Sci. 164, 367 (1985).

4) Y. Shigeta, J. Endo and K. Maki: Phys. Rev. B 51, 2021
(19935),

5) Y. Shigeta, I. Endo and K. Maki: J. Cryst. Growth 166,
617 (1996).

6) Y. Shigeta: Surface Review and Letters 5, 865 {1998).

7y K. Miki, Y. Morita, H. Tokumoto, T. Sato, M. Iwatsuki,
M. Suzuki and T. Fukuda: Ultramicroscopy 42-44, 851
{1992).

8) M. Hoshino, Y. Shigeta, K. Ogawa and Y. Homma: Surf,
Sci. 368, 29 (1998).

9) Y. Shigeta : ¥FHH,

10) #l%iE, B.Lewis: “Crystal Growth” International Series
on the Science on the Soiid State, Val, 16, ed. by B. Pam-
plin (Pergamon Press, Oxford, 1980) p.35.

11) B. Voigtldnder and T. Weber: Phys. Rev. Lett. 77, 3861
(1996).



