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RHEED intensity oscillation during epitaxial growth of Ag on Si(111) surfaces
at low temperature
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Epitaxial growth of Ag onto the $111) surface was studied using reflection high-energy electron diffrac-
tion. To understand the mechanism of epitaxy, its dependence on the substrate temperature and deposition rate
was systematically investigated. The change in the intensity oscillations when the temperature is decreased
from room temperature to 160 K was seen to be identical to intensity oscillation changes observed while
increasing the deposition rate from 4.02 to 60 ML/min holding substrate temperature constant. The intensity
oscillations are irregular up to 6 ML and become regular above 6 ML. The regular period after the growth of
6 ML is smaller than the thickness of the @d.1) layer. A model for Ag growth on the Gil11)-7X7 surface
at 160 K is proposed. The changes in periodicity are attributed to island and defect formation.
[S0163-18207)02215-1

[. INTRODUCTION rate. The change in the intensity oscillations when the tem-
perature is decreased from RT to 160 K was seen to be

Epitaxial growth of Ag on the $111)-7x7 surface has identical to intensity oscillation changes observed while in-
been extensively studied. Gotoh and Ino made a twocreasing the deposition rate from 4.02 to 60 ML/min holding

dimensional(2D) phase diagram for the Ag/Qil1) using substrate temperature constant. Even at RT, the RHEED in-
reflection high-energy electron diffractiofRHEED).-2 tensity oscillations can be observed when the deposition rate

) is large enough. At low temperature, the intensity oscilla-
When Ag was deposited onto the(Blll)-7><.7 surface at tions are irregular up to 6 ML and become regular above 6
room temperaturgRT), elongated rodiike lines were ob- \y ‘The regular period after the growth of 6 ML is smaller
served, due to the texture structure of Ag epitaxial film with{nan the thickness of the Abll) layer. A model for Ag
the preferential orientations of(11D,y [(111g and  growth on the Sil11)-7x7 surface at 160 K is proposed.
[011]54l[011]s;. Using scanning tunneling microscopy The changes in periodicity are attributed to island and defect
(STM), Tosch and Neddermeyer observed Ag clusters depogermation.
ited at RT only on the faulted halves of th7 unit cell in
the dimer-adatom-stacking fallbAS) model at low cover-

age, and epitaxial islands with different heights at higher A UHV chamber equipped with an RHEED system was
coverag€. STM dI/dV measurements revealed the Ag-Siused in this study. The residual gas pressure of the UHV
interactions to be weak in the Ag clusters formed. Ultravioletchamber was less tharx8.0 1% Torr except during Ag depo-
photoelectron spectroscopJPS showed a reduction of sition, at which time the vacuum was7x10°° Torr. The
measured local density of statesEgt, indicating saturation €electron beam energy of RHEED was 15 keV. The substrates

of dangling bonds of the X7 structure by Ag atom Werep-type S{111) wafers with a resistivity of 5@ cm and
adsorptiorf the size was 284x0.4 mn?. A clear 7<7 RHEED pattern

: f the surface was observed by heating the sample to
Since the layer-by-layer growth could not be reached ag ; ;
. . e 200 °C several times. Ag was deposited onto tR& Btruc-
ET FHEEDtmtenjlt?/ Oﬁcnlaﬂ_on v(\j/ogld not Ee obsgr\ée:E?Et ure using an alumina-coated basket. Deposition rates were
this temperature. Jalochowski and bauer observe ; onitored with a quartz-crystal oscillator. The deposition
intensity oscillations when Ag, Au, and Pb weg%deposne ate was changed from 0.01 to 60 ML/min. The uncertainty
onto the X7 surface at low temperatu®5 K).>"" They  of the quartz-crystal oscillator was10%. A monolayer cor-

since each peak of the RHEED intensity oscillations corresj111) surface.

sponded to a thickness of 1 ML. Recent, STM observations A sample manipulator for low temperatures, which has a
at 80—-100 K showed 2D layerlike growffiThe first layer ~ sample holder in a copper block and two vessels for liquid
was percolated by Ag atoms, which nucleated on bothitrogen, was used in this experiment. The sample tempera-
faulted and unfaulted halves of the<7 unit cell. After 3.6  ture could reach about 80 K. After the Si wafer was heated to
ML of growth, 2D islands could be observed. The typical 1200 °C for cleaning, the sample was then cooled. Tempera-
island size was about 30—40 A. This growth mode mighttures were measured by an Au-Fe thermocouple, which was
affect the surface conductivify*® clipped onto the block. There may have existed a tempera-
This paper reports an RHEED study of epitaxial growthture difference between the sample surface and the block.
of Ag on the S{111) surface. To understand the mechanismThe RHEED intensity measurements were carried out by
of epitaxy at low temperature, we systematically studied itsneasuring the spot intensity of the RHEED pattern, focused
dependence on the substrate temperature and the depositimna photodiode detector with an optical system.

Il. EXPERIMENTAL METHOD
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FIG. 1. RHEED patterns observed during Ag growth on

Si(111)-7x7 surface.(@ RT, (b) 300 °C, (c) 400 °C, and(d) RT
500 °C. (a)
IIl. EXPERIMENTAL RESULTS f | \ . . . .
In the RHEED pattern of the @il11) surface, thg333), 0 1 2 3 4 5 6
(444, and (555 Bragg reflections are observed along the COVERAGE(ML)

(117) rod in the reciprocal lattice. Thé€l11) reflection is
below the surface due to the refraction of the electron beam.
The (222 (near 0.78f and (666) reflections are forbidden in
the bulk Si crystal. However, the weék22) spot is seen due
to dynamic effects.

From dynamic calculations, the calculated rocking curv

e e . " .
along the(111) rod showed that thé222) diffraction spot fjeposmon is _started, the RHEED intensities show a quick
intensity is not minimunt:=%3 In this study, the specular increase at first, and then do not show any change. The

beam intensity was measured during growth. For Iayer—byRHEED patterns correspond to that of #@xv3-Ag struc-

layer growth on a stepped surface, the RHEED intensity osire as seen in Figs.(t) and 1d), and the spots become

o harper. This implies that the deposited Ag atoms do not
cillation can be observed at the out-of-phésk-Bragg con- S . i
dition, and is obviously within a small glancing angtelow 0 2D ””C'ek'] on the terrace after th8xv3 fo”&a“og"
0.6°) of the incident beam. The glancing angle of the beardo‘ccor.Ing bto tEedscanglr;g e e%on‘/g_nfrozco(@g )fo -
was set at near 0.4°, which corresponds to a reflection peervation by Endo and Ino, the3xv3-Ag domains form

t 111 and(22 ts, and satisfies to th t-of-ph along step _edg_es and become larger with increasing tempera-
cv;ﬁ?jﬂi(on ) and(222) spots, and satisfies to the out-of-p aseture, resulting in the sharg3xv3-Ag spotst*

FIG. 2. RHEED intensity changes during Ag growth of1%l)-
7X7 surface. Deposition rate is 4ML/min. Substrate temperature are
(@ RT, (b) 300 °C,(c) 400 °C, and(d) 500 °C.

A. Temperature dependencgRT—-500 °C) of RHEED B. Temperature dependencgRT—160 K)
intensity oscillations of Ag/S(111)-7x7 of RHEED intensity oscillation

Figures 1a)—1(d) show RHEED patterns after the depo-  Figure 3a) shows a K7 pattern at 160 K, and Figs(13,
sition of 6 ML. Figure 1a) shows the long streaks and broad 3(c), 3(d), and 3e) show the RHEED patterns during the
spots due to epitaxial layers of Ag. This is typical of the growth of Ag at 160 K, with the thicknesses of 1.0, 2.0, 3.0,
texture structure, which was analyzed by Gotoh andtho. and 20 ML, respectively. The growth rate was 4 ML/min.
When the substrate temperature is increased above 300 °@Jith increasing thickness of Ag,>77 spots become weaker,
the v3Xv3-Ag structure is observed, as shown in Figlh)l and the crystal reflections of Ag gradually appear and be-
1(c), and 1d). Figures 2a), 2(b), 2(c), and Zd) show the come stronger. These growth patterns are similar to that ob-
RHEED intensity changes during Ag growth on th¢13i)-  tained at RT, but spots are broader, indicating that the
7X7 surface with a deposition rate of 4 ML/min. Sample growth domains are small. When the sample was rotated, the
temperatures were maintained at RT, 300 °C, 400 °C, andtreaks remain observable in all azimuthal orientations, but
500 °C, respectively. In Fig. () two intensity peaks are their intensities change with the azimuthal angle. This indi-
observed during the growth at RT. The periods correspondeates a texture structure, the same as observed at RT as de-
ing to the first and the second peaks are 1 ML. With increasscribed in Ref. 1. The elongated spots in Fige)onsist of
ing thickness of Ag, the peak height decreases rapidly. Witldouble spots that are due to two domains with1) orien-
increasing substrate temperature, only the first peak remairtation and a twin relatiohr? When this sample was heated at
as seen in Fig. ®). This surface shows #3Xv3-Ag struc- 200 °C, the pattern changes as shown in Fiff).3The
ture as shown in Fig. (b). At 400 °C and 500 °C, when Ag v3Xv3-Ag structure and Ag crystal reflections can be seen.
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FIG. 3. (a) A 7X7 pattern,(b)—(e) RHEED patterns during Ag

growth at 160 K, for thicknesses of 1.0, 2.0, 3.0, and 20 ML, re-
spectively. The deposition rate was 4 ML/mif). An RHEED pat-
tern after heating at 200 °C indicating th8xv3-Ag structure and
Ag crystals.

FIG. 4. RHEED intensity changes during Ag growth onto
Si(111)-7x7 surface with the deposition rate of 60 ML/min. Sub-
strate temperatures are @ 300 K, (b) 260 K, (c) 220 K, and(d)
160 K. The glancing angle of the beam was 0.4°.

This indicates that small 3D crystals of Ag grow on thethat, if the deposition rate is large enough, the growth of Ag
V3Xv3-Ag surface and form a Stranski-Krastang®8K) s similar to that seen at low temperature.

structure. . _ . Figure 7 shows the RHEED intensity oscillations during
Figure 4 shows the intensity changes during the growth ofjeposition at 160 K. Deposition rates are 4.02, 10.2, 30, and
Ag when the sample temperature was decreased to 260, 22§y ML/min, respectively. Figures(@ and 4d) are the same

and 160 K, respectively. The periods in oscillations for eachyata. The periods in oscillations for each peak are summa-
peak are summarized in Fig. 5. With decreasing temperaiurey o4 in Fig. 8. The irregular oscillation periods are also ob-
m?jmll OSC|IIat|onhpeaks al;]e obser\:jed, and pea(l; posmo?]s r;a\é%rved. The changes in the intensity oscillations shown in
a delay. In each case, the period corresponding to the first. ; . -

peak is 1 ML. At the first stage of the growth of 6 ML, ‘?—t|g. 4 and Fig. 7 are identical. We conclude, thus, that the

irregular oscillation periods are observed. With decreasing?hange In the intensity oscillations when the temperature is
temperature, the second peak is small, and the period
changes from 0.55 MI(RT) to 1.15 ML (160 K). Then, the
periods of the third and fourth peaks become large and reach
the maximum value of 2.2 ML at 160 K. After the growth of

6 ML, the periods become regular, but still are smaller than  z.0
the Ag(11]) thickness of 1.76 ML. The measured period

2.5

Ag/Si(111)-7x7
60 ML/min

increases from 1 ML at 300 K to 1.45 ML at 160 K. g i 9= 220K
g0 Y160 K
C. Deposition rate dependence of RHEED intensity oscillation & L
at RT and 160 K € 10— ~ 260 K
()
Figure 6 shows the RHEED intensity oscillations ob- © I YRT
served while depositing Ag onto @iL1)-7X7 at RT. Depo- 05

sition rates are 1.5, 4, 10.2, and 30 ML/min, respectively.
With increasing rate, the RHEED intensity oscillations be-
come prominent, with the number of peaks increasing from2 0.0 2' - 'l —— é T ; —— '1'0' -
(4 ML/min) to 10 (30 ML/min). In each case, the periods Peak No.

corresponding to the first peak are 1 ML. Even at RT the

RHEED oscillations with more than 10 peaks can be ob- FIG. 5. Changes in the periods against the peak number ob-
served when the deposition rate is 30 ML/min. This showsained from Fig. 4.
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FIG. 6. Deposition rate dependence of RHEED intensity oscil-

lations of Ag/S{111)-7X7 deposited at RT. Deposition rates are
1.5, 4, 10.2, and 60 ML/min.

decreased is identical to intensity oscillation changes ob
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FIG. 7. Deposition rate dependence of RHEED intensity oscil-
lations of Ag/S{111)-7X7 deposited at 160 K. The deposition rates

are 4.02, 10.2, 30, and 60 ML/mirtd) and Fig. 4d) are the same
data.

IV. DISCUSSION

A. Temperature and deposition rate dependence
of RHEED intensity oscillation

As seen in Fig. 2, when Ag was deposited onto the

served while increasing the deposition rate holding substratS'(lll)_7><7 surface at RT, the RHEED intensity shows only

temperature constant.

D. Effect of RHEED intensity oscillations by interruption
deposition of Ag onto S(111)-7x7 at 160 K

fwo peaks. This indicates that it is difficult to continue the
formation of 2D nuclei. The corresponding RHEED pattern
with long streaks, as shown in Fig(dl, indicates a texture
structure, which means the growth of small thin crystals of
Ag with a preferential orientation. This conclusion is consis-
tent with other studies by RHEED, UHV-SEM, and STM

When the deposition is interrupted during growth, the de-

posited atoms move to a more stable position. Hence subs

guent growth is affected, and this change can be probed by

observation of RHEED intensity oscillations. Thus deposi-

tion interruption can help us to understand diffusion of atoms

on the surface.

Figure 9 shows RHEED intensity changes when deposi-

tion was interrupted during growth. The glancing angle of
the beam is 0.6°. The curvA is an intensity oscillation

without interruption. We stopped the deposition by a shutter

at the highest peak positioR;, corresponding td® in the
curve A, and then restarted the depositionRgt The time
interval betweerP,; andP, was~10 s, which corresponds to
the growth of 0.8 ML. The measured oscillation is given by
the curveB. CurveB was shifted to the left to coincide with
the starting point of curveéA. Similarly, curveC was ob-
tained by an interruption at poirp. We observed that the

peaks ofB andC curves shifted to the right, and the periods

became larger. t

e- o
A Ag/Si(111)-7x7 ]
o T = 160K ]
g 4O0ML/min
T 15— N
o i -
2 r _
a i -
» L i
x 10 — I
3 [ A A 30ML/min -
A 4.02ML/min 10.02ML/min ]
0.5 — 7
0.0 i Lo | L R | T T | Loty | Lot | L1t ) ]
0 2 4 8 8 10 12

Peak No.

FIG. 8. Changes in the periods against the peak number ob-
ained from Fig. 7.
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Az ST Additionally, Ag growth on the $1L11) surface at low

| [\ 30ML({min temperature depends upon the substrate surface structure. In
\/'r\/}; ’\,\ F=8° this experiment we did not observe any additional structure
. I N at 160 K during the initial stage of growth, except for the

~N | reflections due to the A@11) layers. However when Ag was
g | deposited onto the &i11)-v3xv3-Ag structure at 160 K, we
\/\/J\”\ observed new reconstruction®1x /21 and 6<6 between
M 0.19 and 1.7 MLY The growth structure is different from
RT at which only 3D reflections of Ag due to SK growth
could be observed.

B. Irregular periods of RHEED intensity oscillation
E‘ RHEED intensity oscillation for Ag/$111) was first ob-

m 15 served at 95 K by Jalochowski and BadéFhey observed
regular oscillations corresponding to 1 ML of the thickness
of Ag(111), and concluded that layer-by-layer growth is re-
alized. Roos and Tringides also measured the RHEED inten-

FIG. 9. RHEED intensity changes when deposition was inter-gjty oscillations, and the results showed that the first peak
rupted during growth. The glancing angle of the beam is OA&5.

' ; . g corresponds to 1 ML and that the oscillations from the sec-
Without interruption.(B) and (C) Interrupted at point$ and Q.

i _ ) ) ond peak seem to be irregular, as in our c4s8 Addition-
The peaks in(B) and (C) shift to right, and the periods become g1y ‘after the growth of 3 ML, the intensities did not show
larger. ' '

the oscillations. This might be related to the slow deposition
rates used.

observationd:>®% With increasing substrate temperature, As seen in Figs. 5 and 8, the first four peaks show the
intensity peaks decrease due to increased diffusion so thitegular oscillations. Additionally, these irregular oscilla-
2D nucleation becomes impossible. At 300 °C, the sharp pations were also observed for Pb, Au, and Cu at low
tern characteristic of3xv3-Ag forms, replacing the X7  temperaturé-"*®This phenomenon was not observed in the
pattern entirely after the completion of one peak, correspondc@ses of SI/SL11) and_gBSaAS/GaA.(ill), where constant
ing to 1 ML. This value is in agreement with the critical Periods were observe_?a. ~ Kinematics calculations for ho-
coverage of 1 ML determined by x-ray small-angle moepitaxial growth indicated accurately that oscillation

3
diffraction!® The RHEED pattern in Fig. (b) shows peaks correspond to 1 ME. . I
V3xv3-Ag reflection streaks. This indicates that the In the cases of Au and Pb on($11) irregular oscillations

) were observed at initial stages of growth. These irregular
v3Xv3-Ag domains formed are small. After the OCCUITENCE o illations were explained to be related to alloy formation

of one peak, the .ir.1tensity oscillation disappear_s. With in'during growth>~’ This explanation by considering alloy for-
creasgd Ag depogltlon, 3D spots that can be attrlbqted to thr%ation does not sufficiently account for the Ad/Siil). Be-
formation of 3D islands on th&3Xv3-Ag structure in the_ cause the Ag-Si interface is considered to be sh&37 Ag
SK growth mode are observed. Above 400 °C, the oscillaypyiously does not form a silicide or an alloy with Si, as Cu,
tions completely disappear, and this can be explained if thgu, and the other transition metals #33In our case, the
mean free path of Ag atoms becomes larger than the terraggegular oscillations can be measured up to 6 ML. These
length of a step with increasing substrate temperature. Thugould not be considered to be a result of alloy formation.
the Ag atoms could reach the step edges without forming 20Even taking into account weaker interaction between Si and
islands on the terraces, resulting in a step flow mode. Thag atoms, this interaction is confirmed to be within 2—3 ML
RHEED patterns in Figs.(&) and Xd) show thev3Xv3-Ag by STM. Local STMdI/dV measurements showed the semi-
structure with sharper spots than the pattern at 300 °C, indieonductor characteristic for the first layer and the metallic
cating the formation of larger3xv3-Ag domains. In UHV-  characteristic for above 4 ME.The 7x7 structure is not
SEM observations, Ag deposited onto th€13il) surface at destroyed by Ag atoms and remains in a good arrangement
400 °C shows formation of largé3Xv3-Ag domains along during the growth of the first monolayer. From photoelectron
the steps, which is in agreement with our RHEED restfits. emission and Auget V'V line-shape spectroscopy, McKin-
In our case, at 4.02 ML/min, the critical temperature of theley, Williams, and Parke suggested that the Ag-Si interface is
occurrence of the step flow is300 °C. an atomically sharp interface at room temperat§r@ince at
When substrate temperature is decreased to 260, 220, atwv coverage, the Sid emission is extremely sharp and
160 K, the RHEED intensity oscillations become clear, asconsistent with emission from isolated atoms. From our
shown in Fig. 4d). We also observed many oscillation RHEED observations, Ag reflections after growth of 1 ML
peaks, even at RT, when the deposition rate was largeould be observed on the patterns with the lattice constant of
enough. Our measured oscillations during the growth of metAg(111). On the contrary, in the case of Cu/BLl), there
als such as Au and Cu on the(BL1)-7X7 indicated strong are 10.4%, 8.1%, and 7.1% measured mismatches at the
oscillation behavior at high deposition rafelf the deposi-  thicknesses of 1.0, 2.0, and 10.0 ML, with the lattice con-
tion rate is large enough, the collisions between the surfacstant of Cut® The Si-Cu interface shows the existence of a
atoms will become frequent and the formation probability ofsilicide within 12 ML with bonding characteristics qf-d
2D nuclei on the terrace should increase. It may cause hybridization?®~33The Si-Au interface shows stronger alloy-
similar effect with decreasing temperature. like phases in fewer layef§. These results mean that the

RHEED INTENSITY (arb. units)

Coverage(ML)
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Ag/Si(111)-7x7 160 K on the top, consequently, the period and the peak height of
the second peak in the RHEED intensity oscillation will be
small.

Figures 10c) and 1@d) show the growth models for the
third to the sixth peaks. A 2D layer of Afill) begins to
form on the surface. Additionally, Ag islands grow partially
between the growth of 2 and 6 ML on the third layer, as can
be seen in are&, except for the 2D layer formed in ar@a
Therefore the oscillation period should be larger than the
layer thickness of A@L11) of 1.76 ML. In interruption mea-
surements, as shown in Fig. 9, the periods are seen to in-
crease after the interruption. This indicates an increase of
island formation after diffusion of atoms during interruption.
This analysis is consistent with previous STM observation,
where 2D layers were observed at 2.5 and 3.6 ML, however,
Ag atoms at 3.6 ML tend to grow in the multilayer mdtle.

As can be seen in Fig.(d), growth beyond 6 ML is
characteristic with periodic oscillations. The growth of Ag
layers occurs in a multilayer growth as shown in Fig(€l0
The calculations for RHEED intensity oscillations show
damping of intensities due to the multilayer growth3®
However, the observed period is 1.45 ML, smaller than the
1.76-ML thickness of A¢l11). This is attributed to defect
formation during growth. The texture structure of(Ag1) at
160 K was seen in our RHEED pattern, indicating the for-

Si-Ag interaction is not adequate to affect deeper than 5—gation of a number of small crystals of varying size and
ML. Thus we tend to conclude that the irregular oscillationsCrientation on the surface. The Ag layers consist of a large
of Ag/Si(111) are due to the growth mode itself. We supposenumber of domains with grain boundaries. The reflection
that the Si-Ag interface is nearly steep, and we propose &POts were seen to be broader than those that were seen at
model for the growth mechanism at 160 K as shown in FigRT, and indicate that the average domain size of Ag is
10. smaller. The domain sizB is shown in Fig. 1(). A thin

In Fig. 4(d), the first peak period corresponds to 1 ML of strain region exists between the thick layers of the Ag and Si
Ag growth. We conclude that the saturation coverage for firssubstrate on top of Si layer. This is due to the lattice mis-
layer is about 1 ML as shown in Fig. (@. According to  match between the Ag and Si. The RHEED pattern at this
STM observations by Meyast al,, Ag atoms during the ini- stage of growth consists of ill-defined reflections of Ag. At
tial stage of growth nucleate to the faulted and unfaultedhis stage, the dislocation lines may exist between two do-
halves in the DAS model of the @il1)-7x7 structuré®**  mains due to stress. In addition, growth may involve other
The corner holes of the first layer formed are not occupiedtypes of the fault. Fault lines may form between two domains
and this first layer is percolated. This is different from whatin some places in the layer, and faults may exist in the do-
was seen at RT, where Ag nucleation was seen only in thenains. Such gaps cannot be closed by a local readjustment,
faulted half of 7<7. Thus Meyeret al. concluded that the since filing the gaps causes another to appear. The local dis-
first layer is percolated, and that the minimum coverage idocations and faults exist along the domain boundaries and in
between 0.75 and 1.0 ML. This is in agreement with thethe domains, resulting in a large number of plane defects
period of 1 ML that we measured. In addition, UPS datasuch as holes and vacancies. In further growth of Ag, Ag
obtained at RT showed a reduction of local density of stateatoms continue to grow on top of domains formed in the
atEr (Fermi energy, indicating saturation of dangling bonds strain region. As a consequence, Ag layers consist of large
of the clean Sil11)-7Xx7 surface by the Ag atonfsAt RT, numbers of small crystals of varying size and orientation,
an STM image showed that the<7 is not destroyed by Ag and plane defects continue to develop during growth. There-
clusters formed on the faulted halfThis is why we were fore the thickness of the actual Ag layer will be smaller than
able to observe the weak<# structure in the RHEED pat- the ideal thickness of a monolayer of Ag, 1.76 ML. This
tern following the deposition of 1 ML of Ag. explanation is consistent with STM observations of Ag

The growth model proposed for the second peak is showgrowth on S{111)-7X7 at 80—100 K, in which partial dislo-
in Fig. 1Qb). Here Ag atoms are located on the top of thecations at the step edge and stacking faults were observed at
first layer, which is percolated. Therefore the coverage ighe thickness of 40 ME.
close to 1 ML of Ag. Additionally, Ag atoms may be more  In conclusion, the intensity oscillations during growth of
mobile than those in the first layer due to partial saturation oAg on Si111)-7X7 surface at 160 K are irregular up to 6
dangling bonds. Hence the mean free path of the Ag atomblL and become regular above 6 ML. The regular period
of the second layer will be larger. This results in formationabove 6 ML is smaller than the thickness of the(Afl)
of islands at relatively high temperatures above 160 K. Withdayer. We conclude that these changes in periodicity are at-
out completing a full layer, the third layer will begin to form tributed to island and defect formation.

1st monolayer

Si(111)

FIG. 10. A growth model for Ag growth on @il11)-7X7 at
160 K.
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