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“The correlation of surface topography with the growth of metal thin films is reviewed, UHV-
cleaved surfaces of {onic crystals such as NaCl, KCl, KBy, and MgO have fine structures distinguished
in six characteristic gones: (1) Starting zome; (2) V-zone; {3) transition zone; (4) tartan
zone; {B) stop-band zone; {6) restarting zone. Epitaxy, non-epitaxy, and graphoepitaxy of Sn are
strongly influenced by these surface zones of the NaCl and KCl substrates. In the case of Au films,
structural changes as well as morphological changes occur at the steps of the NaCl substrate. In
addition, for Auw/NaCl, quantitative results by the discrete variational Xe cluster method are
indicated. On the other hand, the graphoepitaxy proposed first by H.L Smith and co-workers s
characterized hy “epitaxial® growth cn amorphous substrates having artificially produced surface-

relief structures. Some experiments concerning graphoepitaxy are introduced.
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Fig., 1 Schematic tracing of the main charac-
teristic features observed between two stopped

crack fronts : (0) Starting zone; (1) V-zone;
(2) transition zome; (3) tartan zome; {4)
stop-band zone; (5) restarting zonme. The
dashed line indicates the crack propagation
front. (Ref. 3},
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Fig. 2 Transmission electron micrographs of
a uhv-cleaved NaCl crystal replicated by Au-
Pd shadow casting: {a) Starting zone; {b)
V-zone; (c¢) transition zone; {d) composite
of tartan zone (T), stop-band zone (S}, and
restarting zone {(R),
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Fig. 3 Transmission electron micrographs of Au particles deposited on the KBr cleavage
surfaces: {a) Room-temperature decoration of the V.zone; (b} morphological changes
of the V-zone after quenching from 260°C to room temperature; {c¢) typical morphologi-
cal changes of the tartan zone after annealing at 250°C,
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Fig. 4 Scanning electron micrograph of the Si
cleavage surface,
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Fig, 5 Room-temperature Sn deposit on uhv-
eleaved KCI substrate in tartan {T), stop-band
{8), and restarting (R) zones.

Fig, 6 Transmission electron micrograph and
diffraction pattern of Sn particles deposited
on the transition zone of KCl, letting e and
g represent 200 reflections from the epitaxially
and graphoepitaxially grown particles, res-
pectively,
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Fig. 7 Transmission electron micrograph (a)
and diffraction pattern (b) of Sn particles
deposited on a stepped area of the tartan zone.
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Fig. 8 Transmission electron micrograph (a) and diffraction pattern {b) of 5n
particles deposited on the flat area of the tartan zone.
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Tig. 9 An idealized representation is shown of

the squarewave surface-relief structure. The
of a periodic array of
vertical steps of height, A; period, s; top
width, w, ; and groove width, w,. The edges
have some finite radii of curvature R, and

R, (Ref. 39).

structure consists

WAL B o Xicid —IBO Bkdid 5, Anten 2
i3, HERETOS I 7 a0 v~ LT, ¥
I 180 nm @IERE Y — B F L+ 0 &Be 5
L7, EITTORERE MBS EEEENTHTD
M, {ERLUEG Pb, Sn, Bi, $0-Bi 440 fec @ Au, Ag
EEahie. LhL, WENLEFEETDS S 7 =
2 Fy— AR EL Moz, Thid, Fig 9
KSRENAATAT » 72—+ —0 HEE R, 2 5om
DA - F—ThH BT EICHERD S, —ICHBDR

B4 4 X 1am EIFTHELE0DR T 5%, Au
DA, B Au—HTTH5 RS A HEL
WRANTHEY, BEOMERETS 7 n 23y
AT B, EEE T2 s e -+

— O BB EREO A — £~ PR32 72 S B AT
mEH B,

PUFCIHEATERE ST » BRI D Tl 392,
T L DR A — A —D Ry F - —E
2 JERE TR fES T B icbic, Tas UaF g Ry
ROERIE A FIH L 7. BEEERT KCL % BHL,
TOYIEE JERY SIO B (WS nm) THET S,
20, KO BHELOFEFRED A 7y 73— 4 —
PHEAETH T VY AT Bz, EEOHTH
RO L =45 OBMETIRSG Lz, KIK Sn %,
150°C e fRi%L 7o SIO/KCl FHh kic 10nm GEESE
THET 5. Fig. 10 12, 3n/SiO/KCL 55 KCI % &
HELf Snf8i0 A TEM SEL- b 0oTh b,
JERE SIO EHEL M- 72 BECL i Lofgiid Tartan

zone OFEAT » FHHEEEHTH S, Sn WFHIERE

SiO EDRF » P> TEAT DD A HHEHTHE ,
COEED & DEH S — v b, Sn BFBAT Y T
o THMREL T30 2 %RLTHS, Fig. 10 @
IR, A7 o 77 (RH) wEfTeEbh 3 Sn
@ 200 Fihic X - THiRE R, cnoeofE#He 5, Sn
R IERE T SIO LigkinT Fig 1L KRN
BLESICHML TS LS,

o7 KCl @ Tartan zone &L Y # L 7-3E@Y
S0 WothhE 2O HEMD R F » 7 a9 — + — 0
Bofic st TB C 3, Tihe L TROLE
SiO At KCl Mic i » T BB Sn £ FEZ L0
THEMB, SIO Py F—1 D 3 7 v B AEED
1, Sn BT EE0 & 5 SEFNTRERE KC kb
BLELIL, COTEOHBAOLHIC, EoBRE
TEM ¢ Sn ©ZEEL T Si0 2T

TFig. 10 Transmission electron micrographs and diffraction pattern of Sn particles
deposited at 150°C onto highly dense step areas of a SiO substrate: {a) Bright-
field image; (b) selected-area diffraction pattern (direction of step lines indicated
with an arrow); (c¢) dark-field image of (a) taken with the 200 reflection.
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Fig. 11 Schematic illustrations and indexing for the diffraction patterns of three types of
particles grown graphoepitexially on the Si0 substrate: (a) {001}, (b) {101}, and

{c¢) {100} orientations.
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Fig. 12 Sn decoration of a 5nm-SiO film that veplicated the cross-slip zone (ABC)

of a KCl crystal:
an arrow.
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Fig. 13 Schematic illustration of Aa NaiyChir
cluster. @: Na ion, O: Cl ion, £ : Au atom.
{a) Ideal cluster model. The lattice par-
ameter of NaCl is assumed to be 5. 61 A which
is the same as that in bulk at 26°C.

(b) Rumpling cluster model. Each ion is
shifted along the surface normal,
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Fig. 14 The contour maps of the wavefunction of Au-NaCl bonding orbitals which
are drawn for the plane normal to the surfaces including the centered sodium ion
and the two nearest neighbors chlorine ions.

(a) 63 a1 of the ideal cluster. The solid straight line indicates the surface.
{b)} 65 a1of the rumpling cluster. The surface is in the range of Ci (solid straight
line) to Na (dotted) ions.
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