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Atomic depth distribution and effects of surfactants in growth of Ag and Au
on Si(111)-\3X /3-Ga(1ML), —4X1-In and —2+/3X2+/3-Sn surfaces at room temperature
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The atomic depth distribution and growth modes in six growth processes, the growth of Ag and Au on
V3% \/3-GA1 ML), 4x 1-In, and 2/3Xx2+/3-Sn surfaces, were studied at room temperature by using reflec-
tion high-energy electron diffraction and characteristic x-ray measurements as functions of glancing;angle
of the incident electron beam. In all growth processes, intermixing between a preadsorbdadnmeet#, (Ga,

In, Sn] and a grown metalmetal B (Ag, Au)] was observed after deposition of 1 ML of metl During
further deposition of metal B, three growth modes were obseiveflirther intermixing between metal and

metal B (Ag/In and Ag/Sn, (ii) segregation of metah to the uppermost layer®Ag/Ga, Au/Ga, and (iii)
segregation of a part of metalto the uppermost layers and intermixing of the other part of nfetaith metal

B (Au/In, and Au/Sn. In all processes, metél acted as a surfactant, i.e., the surface roughness was suppressed
by preadsorption of metd, resulting in a layer-by-layer growth mode of meRal

DOI: 10.1103/PhysRevB.66.085316 PACS nuniber8l.15-z, 61.14.Hg, 68.55-a

I. INTRODUCTION intermixing (Ag/In and Ag/Sn, (ii) segregation of metd to
the uppermost layer6Ag/Ga, Au/Ga, and (iii) segregation
Much interest has recently been shown in the control ofof a part of metalA to the uppermost layers and mixing of
the growth of metals on semiconductors and in a charactethe other part of meta with metalB (Au/In, and Au/Sp. In
ization of the resultant structures, since these subjects afdl processes, meta acted as a surfactant, resulting in a
related to the fabrication of nanomaterials with interestinglayer-by-layer growth mode and formation of flat fims of
functions. In the future, devices with high performance will MetalB.
be designed on a nanometer scale, and techniques for grow-
ing high-quality metal films with thicknesses of several Il. EXPERIMENT
atomic layers will be required. . .
Surfactant-mediated epitaX@ME) has been extensively WeIn this study, surface structures during growth processes

d for altering th h mod fabri i | re monitored by RHEED observation. Simultaneously,
used for aftering the growth mode to fabricate uniform-layery; ;. depth distribution was analyzed from thg depen-

structures with few defects. By using this technique, thejence of intensities of characteristic x rays emitted from the
growth mode changes from a Stranski-Krastanov mode t0 g ,faces excited by the RHEED bedriThe resolution of
layer-by-layer mode by preadsorption of surfactant atoms ORepth in this method is 1 ML for the uppermost layers and
the substrate. During these growth processes, the surfactagiéveral MLs for deeper regions. In addition, this method is
always moves to the uppermost layer. Although the techyseful for analyzing the growth processes of films, even
nique of SME has been used in many growth processes of fims that consist of fine particles and liquid or amorphous
semiconductor on a semiconductor and a metal on &tructures, as well as the growth processes of single crystals.
metal!~3 there have been only a few reports on the applicain general, x-ray spectroscopy is not surface sensitive since a
tion of SME to growth processes of metals on semiconductogignificant amount of x rays from deep regions is detected.
surfaced,® despite the importance of metal/semiconductorHowever, signals from deep regions can be reduced, and
systems for technical reasons. x-ray spectroscopy becomes a surface-sensitive method
In this paper, growth modes in six growth processes—when the x-ray detector is placed at an angle near the critical
growth of Ag and Au on Stll])-\/§>< \/§-Ga (1 ML), angle for total reflectioﬁ',gatechnique called total reflection
4x1-In, and 2/3x2.3-Sn surfaces—are described. Theangle x-ray spectroscopyFRAXS).° This technique was
morphology of grown films was analyzed by reflection high-used in the present study. The details of the apparatus used in
energy x-ray diffractiofRHEED), and the atomic depth dis- the present work was described in a previous p&b@o
tribution of elements was determined by measuring charamptimize 6, smoothly, an x-ray detector with a slit was
teristic x rays excited by a RHEED beam, both as functionsmounted on a stage on a fulcrum, which is 40 cm away from
of incident glancing angl@ . In all growth processes, inter- the sample§; was changed by tilting the stage to shift the
mixing between a preadsorbed mdtaletal A (Ga, In, Sn]  detector up and down. The width of the take-off angle was
and a grown metdlmetal B (Ag, Au)] occurred after depo- 0.4°, and it was set in the range of 0.5—-0.9°. A small electron
sition of 1 ML of metalB. For further deposition of metd, = gun on a turntable was then rotated around an axis lying on
growth modes were classified into three typé$:further  the sample surface in the ultrahigh-vacuddHV) chamber,
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FIG. 1. RHEED patterns taken during growth
processes of Ag and Au on (31L1)-y/3X v3-Ga
(1 ML), 4% 1-In, and 2/3x 2+/3-Sn surfaces at
room temperaturga) Ag(15 ML)/y/3x y3-Ga(1

“ ’ ‘ . ML). (b) Ag (6 ML)/4X1-In. (c) Ag (5 ML)/

d 2\3x23-Sn. (d) Au@3 ML)\3x3-Ga (1
ML). (e) Au (10 ML)/4X1-In. (f) Au (5 ML)/
2/3%24/3-Sn. All patterns show streaks, indi-

‘ cating that grown films were flat.

and the positions of the sample and the detector were fixedhen deposited. At this stage, the total coverage of Ga was 1
The glancing angledy could be changed from O to 180°, ML. The RHEED pattern of this surface showed streaks of a
with an angular resolution of 0.036°, by using a steppingy/3x /3 structure’ (ii) Si(111)-4x 1-In surface: 1 ML of In
motor. The electron gun was operated at an acceleration voltvas deposited on an @il1)-7x 7 surface at 500° ¢ and

age of 10 keV for the growth of Ag and Au on4l-In and  the surface was cooled to room temperatuiie) Si(111)-
2./3%x2/3-Sn, while a voltage of 15 keV was used for the 2\/3x 2./3-Sn surface: 1 ML of Sn was deposited on an
growth of Ag and Au ony/3x \/3-Ga(1 ML), since excita- ~ Si(111)-7x 7 surface at 500° & and then the surface was
tion of GaK characteristic x-rays requires a higher electrorcooled to room temperature.

energy. The x rays emitted from the sample surface propa- Ag or Au was then deposited on these surfaces at room
gated successively, through the first beryllium window fortemperature, and morphology of films during growth was
the UHV seal, 5 mm of air, and the second beryllium win- studied by RHEED observation. Figuregat-1(f) show
dow of the vacuum seal of solid state detector, finally reachRHEED patterns during these six growth processas:(f)

ing the Si(Li) detector. The base pressure in the chambeare results for AGQL5 ML)/\/3% \3-Ga(1 ML), Ag (6 ML)/

was 1x 10 ' Torr, and the working pressure was always4x 1-In, Ag(5 ML)/23%2+/3-Sn, AU3 ML)/\/3% 3-Ga
around 5<10 1° Torr. The sample was cut in a circular (1 ML), Au(10 ML)/4% 1-In and Au(5 |\/||_)/2\/§>< 2\/§-Sn,
shape of 12 mm in diameter from a mirror-polished1$1)  respectively. Each pattern showed nearly vertical streaks, in-

wafer. Cleaning of the $111) surface was performed by dicating that the grown film was flat.
heating above 1200° C by electron bombardment until a

clear 7X7 RHEED pattern was observed. (Bil- . o
J3X/3-Ga(l ML), 4% 1-In, and 2/3x2/3-Sn structures B. 0, dependencies of x-ray emission

were prepared by deposition of metals from coiled tungsten 1. Growth of Ag on a S(111)-y3X \3-Ga(1 ML) surface
filaments.

0y dependencies of GaK, AgL and SiK characteristic x
rays measured during growth of Ag on an (18il)-
lll. RESULTS V3% \3-Ga(1 ML) surface are shown in Fig. 2. Since the
diameters of the incident electron beam and the sample were
about 0.15 and 12 mm, respectively, the entire beam fell on
The following three kinds of metal-precovered(Bil)  the sample a®¥, above 0.7°. The rapid decreases in x-ray
surface were preparedi) Si(111)-y3x3-Ga (1 ML): yields below 0.7° are due to the finite size of the sample.
Si(111)-/3x \/3-Ga was formed by a 1/3 ML of Ga deposi- At an Ag coverage of 1 ML®a,=1), 6, dependencies
tion on an Si111)-7x 7 clean surface at 500° £.This sur- of GaK and AgL had maxima at 1°, and decreased above
face was cooled to room temperature, and 2/3 ML of Ga wa®g,=1° with increases indy, as shown in Fig. @). The

A. RHEED observation
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FIG. 2. 64 dependencies of characteristic x
rays, SiK, AgL, and GakK, taken during growth of
Ag on an S${111)-y3x y3-Ga(1 ML) surface at
room temperaturga), (b), and(c) show results at
Bpag=10,,=3, and 0,,=15, respectively.

3 Peak positions of thé; dependencies are indi-
v Q® @, AgLX6 T ] cated by arrows. Solid and dashed curves @&ye
- AgL>10 + .°NQ%— dependencies calculated by Monte Carlo simula-
| ‘ 1 GaKx:x.\\.' | N tion, assuming depth distribution of metals with
GaKx 100 *foe b ',". il model(a) in Fig. 6. Detailed distribution of met-

: 'zfo. é —— als is described in the text.
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FIG. 3. (a) and(b) show ¢, dependencies of
T ¢¢ m characteristic x rays, SiK, AgL, and InL, taken
during growth of Ag on an $111)-4X1-In sur-
face at room temperature, &t g=1 and O,
=6, respectively(c) 64 dependencies of charac-
teristic x rays SiK, AgL, and SnL, taken during
growth of Ag on an SiL11)-23%x2+3-Sn sur-
face at room temperature @X,,=5. Peak posi-

tions of thed, dependencies are indicated by ar-
rows.

X-ray Intensity (arb. units)

. 1 1
0

Glancing Angle 6 4 (deg.)

shapes of these tw@, dependencies are very similar. On the were still very similar, as shown in Fig(l3. The peak of
other hand ¢, dependence of SiK had a broad maximum atSiK shifted from 13° to 17° aé) 54 increased from 1 to 6 as
9°. At ©,4=3, the maximum of GaK was still observed at shown in Figs. 8) and 3b).

1°, while that of AgL shifted to 2° as shown in Figid. At Similar 64 dependencies were observed during growth of
0O ,¢=15, the peaks of AgL shifted to 3°, but, that of GaK Ag on an S{lll )-2/3% 2+/3-Sn surface. Figure(® shows
stlll existed at 1°, as shown in Fig(@. The peak of SiK  the results a® ,,=5. The 6, dependencies of SnL and AgL
also shifted to higheé, with increases ir® o, from 9° [Fig.  were similar, although the peak of SnL (1.5°) was found at
2(a)] to 14° [Fig. 2(c)]. lower 64 than that of AgL(3°). The 64 dependence of SiK

showed a broad peak at 15°.
2. Growth of Ag on Si(11D)-4X1-In

and 2./3X2+/3-Sn surfaces 3. Growth of Au on Si(111)-y/3X \3-Ga (1 ML), 4X 1-In,

Figure 3a) showsé, dependencies of InL, AgL and SiK and 23X 2y3-Sn surfaces
emissions after 1 ML of Ag deposition on an(Bi1)-4 X 1-In Figures 4a) and 4b), 4(c) and 4d), and 4e) and 4f)
surface. Behaviors of InL and AgL were very similar, show show 64 dependencies of characteristic x-ray emissions mea-
ing peaks at 1° and rapid decreases above 1°. After furthesured durmg growth of Au on 8i11)-\/3x \/3-Ga(1 ML),
deposition of 5 ML of Ag @4=6), the maxima of InL and 4 1-In, and 2/3% 2./3-Sn surfaces, respectively. These re-
AgL shifted to 2.5°, anddy dependencies of InL and AgL sults are similar to those of growth of Ag on the(il)-

4 . 45 4 T T
Au(IMD) ! "AuGML) Au(IML ' '
(a) /Slé111) fSXfS -Ga(1ML)] (c) /su|(111 -4X1-In ( ) /slf(111))2fsx2f3 sn |
sle & T 3H ﬁ %ﬂ :3-¢ & ‘”*"#w -
‘E o % o
i + o ) S S
ols E-i5keV] o OAUMX35 ™ | 2|5\% + A FIG. 4. (a) and(b), (c) and(d),
'% ® LnLx15 4 ‘%Aumxa E=10keV+ and(e) and(f) show 6, dependen-

cctokev 1 T 1 c?es of characteristic X-ray emis-
1 4L | sion during growth of Au on
SnLx8 Si(11)-y3%x 3-Ga (1 ML), 4

x1-In and 2/3x2+3-Sn sur-

| faces at room temperature, respec-

' TN I tively. Values of® ,, are indicated
b) Au(3 d) Au(10ML f Au
i)/sl&n)f sxracanmy] | @AM {9 /8'5111)” 225 | in the figures. Solid and dashed

curves arefy dependencies calcu-
3’ o T SiK-H:'* 1 3 T . T lated by Monte Carlo simulation.
SiK
¢ . In the calculation, modela) in

; Fig. 6 was assumed for the Au/Ga
system, while modefb) in Fig. 6
was assumed for Au/ln and Au/Sn
systems.

X-ray Intensity (arb. units)

E=15 keV E=10 keV

10 20 ‘0 10 20 30
Glancing Angle 9 4 (deg.)
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J3x ﬁ-Ga(l ML) shown in Figs. ga) and 2b). That s, Ag&15ML)/ISi 15IkeV ]

after deposition of 1 ML of Au, shapes 6f dependencies of 3 E

AuM and those of Gak, InL, and SnL were very similar, as — ]

shown in Figs. 4a), 4(c), and 4e), respectively. After further g ]

deposition of Au, the peak positions of AuM shifted to higher 3 Istlayer 1

6, compared with those of GakK, InL, and SnL, as shown in E 5 2nd layer 3

Figs. 4b), 4(d), and 4f), respective_ly. In aII_ of the t_hree ; 3rd layer ]

gr.ow.th processes, broad peaks of SiK also sifted to higher ? 5th layer .

with increases irf . g 7th layer ]

%, 1 10th layer 3

IV. DISCUSSION o 15th layer 3

A. Growth morphology ]

It is well known that Ag is adsorbed at the initial stage of 00 . 1'0 : 2'0
growth of Ag on an Sil11)-7 X7 surface at room tempera-

ture, resulting in the formation of clusters at the faulted part Glancing Angle 64 (deg.)

of 7X 7 unit cells!**®and that larger islands are formed at

higher coverages of A" The formation of islands is

clearly indicated by transmitted spots in RHEED

patterns-®’ Growth of Au on an Sil11)-7 X 7 surface was

studied extensivel}f~3® Although the grown Au film is

rather flat at high Au coverag8,at the initial stage of this

growth the formation of fine particles was observed by scan-

ning tunneling microscopyYSTM) images® and RHEED  tal results of¢y dependence can be explained as a summation

patterns showed weak transmitted spots characteristic of i€f contributions from specific layers.

land formatior?® In the present study, RHEED patterns showed streaks, as
On the other hand, during the growth of Ag and Au oncan be seen in Fig. 1, indicating the formation of flat films.

J3x/3-Ga (1l ML), 24/3%x2/3-Sn, and &« 1-In surfaces, Therefore, atomic depth distributions were analyzed assum-

RHEED patterns showed streaks but transmitted spots weiag that the films were flat. In the growth of Ag on 8

not observed as shown in Figsial-1(f). This means that x \/3-Ga(1 ML) surface, both GaK and AgL had peaks at 1°

the grown films were smooth, and that the growth mode Wagt @ ,,=1, as shown in Fig. @). This means that intermix-

altered from an island growth mode to a layer-by-layer modeng petween Ga and Ag occurred. @, =3, GaK showed a

by preadsorption of Ga, In, and Sn. This is similar to peak at 1° but the peak of AgL had shifted to 2°, as shown

surfactant-mediated epitaxy, where in the growth of a semis, Fig. 2(b). This means that segregation of Ga to the upper-

conductor on a semiconductor surface such as Si/Ge ang layer had started. A ,,= 15, GaK still showed a peak
Ge/Si; the growth mode is altered from an island growth _, s "\ e peak of A/EL had shifted to 3°. and the

. 1
mode to a Iayer—by—layer growth mode by preadsorption o ependence for GaK decreased more quickly than that for
small amounts of various e[ements. In the present study, | L, indicating the segregation of Ga to uppermost layers.
was expected that s_egregqtl'on of preadsorbed metals to t sed on these results, the growth model of eitagor (b)
uppermost layers or intermixing between preadsorbed meta own in Fig. 6 is proposed. Results of more detailed analy-

and grown metals would occur during growth if preadsorbe es in order to distinguish these two models are shown in
metals act as surfactants. Sec. IVC

FIG. 5. 64 dependencies of characteristic x-ray emissions from
various layers in a 15-ML Ag film on an Si surface calculated by the
Monte Carlo method for an incident electron energy of 15 keV. The
position of maximum shifts to highefl; as the depth of layer in-
creases.

In the growth of Ag on a X 4-In surface, thed; depen-
B. Atomic depth distribution dencies of AgL and InL were very similar &,,=1 and

In the present studyd, dependencies of characteristic x ©a¢=6, as shown in Figs. (8 and 3b), indicating inter-
rays from adsorbed metals and SiK showed different behayMixing between Ag and In. Thus, growth mode] in Fig. 6
iors. In addition, these dependencies changed as the covera§eProposed. Similarly, in the growth of Ag on a\3
of grown metals increased. This is because #hedepen- X 2\/3-Sn surface, the shapes®f dependencies of SnL and
dence changes according to the depths of elements. By usififiL at ® ,,=5 were very similar, as shown in Fig(c3, and
these phenomena, atomic depth distribution can be analyzdfierefore growth mode(c) in Fig. 6 is proposed for this
from 6, dependence of characteristic x rays. Figure 5 showgrowth. A similar alloying growth mode was previously ob-
6y dependencies of characteristic x-ray emissions from variserved in the growth of Ga on a($11)-2/3x2/3-Sn sur-
ous layers in a 15-ML Ag film on an Si surface calculated byface at room temperatufé.
the Monte Carlo methd8*! for an incident electron energy ~ Similarly, the 6, dependencies of x-ray emission for the
of 15 keV. The details of calculation were described in agrowth of Au on 3% 3-Ga (1 ML), 4X1-In, and 2/3
previous papet.The 6, dependence calculated for each layer x 2./3-Sn surfaces shown in Figs@#4(f) indicate the seg-
has a maximum, and the position of the maximum shifts taregation of Ga, In and Sn to the uppermost layers, and either
higher 64 as the depth of the layer increases. The experimengrowth model(a) or (b) in Fig. 6 is proposed.
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pretacfsoereds i results of the present study indicate that the surfactant effect
s ) in the growth of metals on metal-covered semiconductor sur-

%//////{////’///7///%

Grown metal (Ag, Au) other metal/metal/$111) systems at room temperature. In
PR RN ANCICOR R BCIOR | Alloying the growth of In on Si111)-/3% \/§-Ga(l ML),*~® Ga acts
as a surfactant and always exists at the third l4ylerthe
growth of Au on+/3x \/3-Ag, substitution between Ag and
Au occurs after 1 ML of Au deposition, resulting in the for-
Sagfegatioh mation of Ag particles on a Au layérWith further deposi-
to surface tion of Au, Ag clusters still exist in the upper parts of the
grown film. In the growth of Ga on/3x \/3-Ag,*>** site
exchange between Ga and Ag occurs after 1 ML of Ga depo-
Segregation sition, resulting in the formation of Ag particles and a Ga
—} to surface underlayer. During further Ga deposition, Ga surrounds the
intermixing Ag particles. These results indicate that there are various
possibilities for controlling the morphology of grown films
by preadsorption of other atoms, and control of the morphol-
ogy would be useful for fabricating and studying nanostruc-
intermixing tures with new functions. However, a high degree of thermal
stability of grown films is required for the actual application
of such films to device technology, and it may not be easy to
obtain a high degree of thermal stability of such films.

FIG. 6. Growth models of Ag and Au on @lL1)-3x /3-Ga(l
ML), 4x1-In, and 2/3%243-Sn surfaces at room temperature. .
Three kinds of growth modes are proposed depending on the degree C. Analysis by the Monte Carlo method

of segregation of preadsorbed metals to the uppermost lageis. In the growth processes of A@X \/§—Ga(1 ML), Au/
proposed for Ag/Ga and Au/Ga systenis) is proposed for Au/In \/§>< \/§—Ga (1 ML), Au/4x1-In, and Au/2\/§>< 2\/§-Sn
and Au/Sn systemgc) is proposed for Ag/In and Ag/Sn systems. -
systems, segregation of preadsorbed metals to the uppermost
layers was observed, and growth modes in these processes

The growth mode of Ag observed in the present workare thought to be eithd) or (b) in Fig. 6. To distinguish
differed from that of Ag on Si111)-\/3X 3-Au, where Ag  these two models, we tried to fit the experimental results
grows on an Au layer. The latter may be due to the bondingvith theoretical curves calculated by Monte Carlo simula-
energy of Au-Si*® which is higher than the energy of Ag-Si tion.
bonding?®® However, it seems difficult to explain the mecha-  There are two kinds of fitting parameters. One is distribu-
nism of site exchange only from the binding energy. Fortion of elements. For Ag/§>< \/§-Ga (1 ML), it was as-
example, in the present study, dissociation of Ga occurredumed that 0.25 ML of Ga is uniformly distributed in each of
when Ag was deposited on a($11)-y3x 3-Ga (1 ML)  the first to the fourth layers apg=15 ML, resulting in
surface, but in previous studies dissociation of Ag was intotal Ga coverage of 1 M[growth model(a) in Fig. 6]. The
duced by Ga deposition on an (811)-y3x\3-Ag  other is the detection probability of x rays as a function of
surface??* depth, which decreases when the position of x-ray emission

During growth of Au on a Sil11)-7X 7 surface, forma- becomes deeper due to absorption and refraction. Under the
tion of particles was observed aroud,,=3 in an STM  TRAXS condition, x rays emitted from shallow regions,
study?® and RHEED patterns during this growth showedwhere evanescent waves exist in total reflection, are detected.
weak transmitted spots characteristic of partiéfddowever, However, in the present measurements, the window of the
at high®,,, some Si atoms segregate to the uppermost layeetection angle contained the total reflection angle and also
ers resulting in the formation of Au-Si silicide layefsand  angles slightly higher than the total reflection angle to ob-
the resultant Au film is flat® Thus, at high® ,,,, floating Si  serve x rays from deeper regions. In this case, as the energy
may act as a surfactant. In the growth of Au on the threeof the x rays increases, the depth of the evanescent wave
metal-covered $111) surfaces, the possibility of existence from the surface decreases, but the penetration length of the
of surface silicide layers could not be ruled out by analysis o rays increases. In this analysis, it was assumed that x-ray
RHEED patterns andy dependencies, and Si may exist in intensities decrease by a factor of 0.95 as the depth of the
the uppermost layers at high,, and act as a surfactant. layer increases by 1 ML, independent of the x-ray energy.
However, the Au films grown on the three metal-coveredThis value induces increment of the ratio of AgL relative to
surfaces are flatter than is a Au film directly grown on aSiK by 25 times when the Ag coverage increases from 1 to
Si(111)-7x 7 surface, since RHEED patterns during growth15 ML at high 6,, assuming the above depth distribution of
of Au on the three metal-covered surfaces did not show anyAg and Ga. This is roughly consistent with the experimental
transmitted spots, as can be seen in Figd)-11(f). Thus the  results shown in Figs.(2) and Zc), where the relative ratio
surfactant effects of Ga, In, and Sn are also significant. Thécreases by 28 times at 20°. The value of 0.95 corresponds
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to the depth of depletion lengi23 A) of evanescent waves tive to that of SiK by about 12 times when Au coverage
of x rays with an energy of about 0.55 keV. This depletionincreases from 2 ML to 10 ML, which is close to the ob-
length is longer than those of evanescent waves of (BiK  served increment, about ten times, as shown in Figs.ahd
A, 1.74keV), AgL (4.1 A, 3keV) and GaK(1.3 A, 9.2 keV,  4(d), at 30°. For a Au/2/3x 2./3-Sn surface, it was assumed
and it is therefore thought that the detection angle of the sthat 0.4 ML of Sn exists in the first layer and that each of the
ray was higher than the total reflection angle. One possiblgecond to sixth layers contains 0.12 ML of Sn, resulting in 1
fitting is shown by solid and dashed curves in Fige)2Both ML of total amount of Sn atoms, and the depletion factor of
experimental results for GaK and AgL are explained well byx rays was assumed to be 0.79. This value should induce
the simulated curves. increment of the ratio of AuM relative to SiK by eight times
A growth model similar to that of growth modéh) in  when the Au coverage increases from 1 to 5 ML at high
Fig. 6 was proposed for the growth of Au ony8X \3-Ga  assuming the above depth distribution of Au and Sn, which is
(1 ML) surface. It was assumed that 2/3 ML and 1/3 ML of consistent with the experimental results shown in Fige) 4
Ga exist in the first and second layers, respectively. In thiand 4f), where the relative ratio increases by nine times at
analysis, the depletion factor of x-ray was assumed to b&0°.
0.79. This value is smaller than the value of 0.95 used for From the results of the above fitting, growth mo@alin
Ag/\/3x \/3-Ga (1 ML), which may result from differences Fig. 6 was proposed for Ag og3x \3-Ga(1 ML) and Au
in detection angles, penetration lengths and refractive indicesn \/3x /3-Ga (1 ML), and model(b) in Fig. 6 was pro-
of x rays in Ag and Au. The value of 0.79 corresponds to theposed for Au on & 1-In and Au on 2/3x2./3-Sn. Since
depth of depletion lengttb.16 A) of evanescent waves of X only simple distributions of elements were assumed in the
rays with energy of about 2.4 keV, which is in the same ordepyresent fitting, the fitting may improve if more detailed dis-
as the energy of characteristic x rays detected in the presefiiputions of elements are assumed.
work [1.74 keV (SiK), 2.2 keV (AuM), 3.2 keV(InL), 3.3
keV (SnL) and 9.2 keMGaK)]. This value should induce an
increment of the ratio of AuM relative to SiK by 3.5 times
when the Au coverage increases from 1 to 3 ML at high Growth modes of Ag and Au on three surfaceq18))-
assuming the above depth distribution of Au and Ga. This is/3x \/3-Ga (1 ML), 4x1-In, and 2/3x2+/3-Sn surfaces,
roughly consistent with the experimental results shown inat room temperature were studied by RHHED and character-
Figs. 4a) and 4b), where the relative ratio increases by 2.8stic x-ray measurements as functions of incident glancing
times at 30°. One possible fitting is shown by solid andangle of the electron beam. In all growth processes, intermix-
dashed curves in Fig.(d). Experimental results for both ing between preadsorbed met&Ba, In, In, metalA) and
GaK and AuM are explained well by the simulated curves. grown metalgAu, Ag, metalB) occurred after deposition of
For the growth processes of Au onx4-In and 2/3 1 ML of metal B. During further deposition, segregation of
X 2./3-Sn surfaces, both segregation of preadsorbed metafsetal A to the uppermost layers occurred in the Ag/Ga and
to the uppermost layers and intermixing between preadAu/Ga systems, while further intermixing between metals
sorbed and grown metals had to be assumed to obtain go@hd B was observed in the Ag/In and Ag/Sn systems. In the
fitting results, and growth modéb) in Fig. 6 was proposed. Au/In and Au/Sn systems, partial segregation of matahd
The results are shown by solid and dashed curves in Figgartial intermixing between metals and B were observed.
4(d) and 4f). For Au/4X 1-In, it was assumed that 0.22 ML The roughness of Ag and Au films was suppressed by pread-
of In exists in the first layer and that each of the second tsorbed metals, resulting in the formation of flat films. These
eleventh layers contains 0.078 ML of In, resulting in 1 ML of results suggest that the surfactant effect of a preadsorbed
total amount of In atoms, and the depletion factor was 0.79metal on metal growth on Si surfaces is a general phenom-
This value should induce increment of the ratio of AuM rela-enon.

V. SUMMARY
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