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Selective growth of nanometer-scale Ga dots on patterned ultrathip f8i%s was studied by using
scanning-reflection electron microscopy and energy-dispersive x-ray spectro&Dpy. Nanometer-scale
Si(111) surface windows were fabricated by electron-beam-induced thermal decomposition of the film. Ga was
deposited on the patterned surfaces at room temperature to 550 °C. Under certain deposition and annealing
conditions, Ga dots were present only on thél §1) surface windows, and the smallest size of the dots was
about 20 nm. To understand the selective growth of Ga dots, we measured the desorption rate and the surface-
diffusion length of Ga atoms until all atoms desorbed from the,S@face and nucleated forming random
dots. The EDX measurement showed that the desorption rate from Ga dots ofill@Ewas 2 to 2.5 times
larger than that on €i11) surfaces, and that the activation energy of desorption rate frorg f8i@s was
1.33 eV. The Ga surface-diffusion length was estimated by measuring the temperature dependence of the Ga
depleted zone width near the linear Si surface windows. The surface-diffusion length of Ga atoms on ultrathin
SiO, films increased when the substrate temperature was increased. Thus, we were able to selectively grow Ga
dots on only the $111) surface windows[S0163-182@09)02716-3

[. INTRODUCTION Recently, an ultrathin Si©film with a thickness less than
1nm on Sf111) surfaces received considerable attention.
Selective growth is an important technique in large-scald’revious x-ray photoelectron spectroscopy and scanning tun-
integrated circuit technology and nanofabrication, especiallyneling microscopy studies reported that the oxide film is
on patterned silicon dioxid¢SiO,) film. Here we call an composed of SiQ'° and that atomic steps can clearly be
SiO, area a mask, and an exposed semiconductor area,saen''2Their experimental results indicated that $idms
window. Although selective growth of $Ref. 1) and GaAs on Si111) surfaces are of good quality and the $idm has
(Refs. 2—6 have been studied using chemical beam epitaxyery little roughness. A patterning process on ultrathin,SiO
and metal-organic chemical-vapor deposition with gaseoufilms using scanning-reflection electron microscgSREM)
sources, a recent study by Allegetti and Nishifagmorted  have been reported by Fujiea al,;*® line-shaped windows of
on the selective growth of GaAs using Ga and, As source 10nm in width were fabricated under ultrahigh vacuum
materials. In their growth experiment, the molecular beam ofUHV) conditions. In the electron-beam irradiated area in the
Ga was periodically supplied under the constant pressure @&iO, film, the composition of Si@ changes to SiO due to
As, at a substrate temperature of 630 °C. During the interelectron-stimulated desorption; oxygen desorbs from,SiO
ruption, GaAs polycrystals grown on the mask area werdiims.* During annealing, the SiO in the film is easily vola-
decomposed into Ga and As atoms, and these atoms on tkiized, and the window areas are then exposed in the, SiO
mask were desorbed or diffused to window areas. Since, ifilm. Applying molecular beam epitaxMBE) technique, Si
their experiment, the pressure of Asver the surface was and Ge nanostructures were formed on the patterned window
kept constant, we consider that the desorption and diffusioarea'®*® The roughness of the ultrathin SiGilm is very
of Ga atoms on the mask play an important role for thissmall. Moreover, patterning and deposition can be performed
selective-growth process. Although the diffusion of Ga at-under UHV conditions. Hence, we consider ultrathin SiO
oms on GaAs surfaces has been repoftetittle is known  films to be suitable for studies on the desorption and diffu-
about the diffusion and desorption of Ga atom on Sinhs.  sion of Ga atoms.
Since the roughness of Sj@ilm influences the desorption On the other hand, a recent study by Chikyo and
and diffusion, we consider that a study of them requires wellKoguchi'® reported GaAs dots of 45-nm in diameter on the
defined SiQ films. Se-terminated GaAs surface. In their experiment, self-
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organized Ga dots were formed on the Se-terminated GaAs
surface by using an MBE technique. The Ga dots were then (a) :
allowed to react with As. Because the position of Ga dots is
accidentally determined, it is difficult to control. Applying e -
the nanofabrication technique reported by Fugital,'® we e T R ; :
can expect that the nanometer-scale Ga dots on 14 Bi ok , e o S
surface window will be selectively grown on ($11) sur- P
faces and that well-ordered quantum dots of GaAs or GaN
will be formed when Ga dots are allowed to react with As or
N.

In this paper, we determine conditions needed to form
only Ga dots on the §111) surface windows, and we com- '
pare the Ga dots on @il1) surface windows with those on ' ,w—mIZPm
ultrathin SiGQ films. Moreover, we study the desorption and R
diffusion of Ga atoms on Si©films in order to understand (b)v’ Pl
the mechanism of the selective growth of Ga dots. | £

Il. EXPERIMENT L

The apparatus consists of a load-lock, an UHV prepara- i ! { (g
tion, and an UHV main chambers. Sample can be transferred ' ! B ' s berie
from one chamber to another one without breaking UHV. oIyt " '

The main chamber is equipped with SREM, MBE, and an R : i "
energy-dispersive x-rayEDX) spectrometer. In the main bt | §0
chamber, sample cleaning, SREM observation, window fab- AR AR MO T e A R A
rication, Ga deposition, annealing, and EDX measurement e e g P RN O
are performed. Oxidation is performed in the preparation v ) : :
chamber. Details of the apparatus have been described (C)-‘ X Lot !
elsewhere! | | ! | \

Well-oriented n-type S{111) wafers were used in this ‘
study. To remove native oxide layers on the sample, thermal
treatment was done as follows: the sample was heated to g ) \ \ \

|

600 °C by passing a direct current through the sample, and
then kept in an UHV condition for several hours. After that,
it was flashed several times at 1200 °C belovw 40 8 Pa. ; ! o e
Finally, the clean surface was examined with microprobe ; A%
reflection high-energy electron diffractiopn{RHEED) and ) \ \ \
SREM. Thermal oxidation was done in molecular oxygen at y o P § o {
a pressure of 1.38 102Pa at 720°C for 2min. The film e DT R b e

thickness was estimated to be 0.5HhTThe fabrication of ’

Si(111) surface windows in the SiQfilm was done accord- FIG. 1. Sequential SREM images of fabrication and selective-
ing to the sequence reported by Fujiaal;'® the surface growth process(a) after S{111) surface windows fabricatiorp)

was irradiated by using a focused electron beam used iﬁnnealing at 550 °C for 3 min after the deposition of 1ML Ga at
SREM at a room temperatuf®T) and subsequent annealing RT, and(c) additional annealing for 2 min aftelb). All images

at 730 °C for a few minutes. Using a pyrolytic boron nitride nave the same scale.

(PBN) Knudsen cell, we deposited Gallium onto the surface ) .

at RT to 570°C. The deposition rate was about 0.19 ML/deécreased 8:1. These ratios were changed depending on
min. The annealing process was done at 450—620 °C. Th\ghether.we used thg tilt compensation methpd_or not. Hence,
desorption rates of Ga from @iL1) surfaces and SiOfilms the vertical and horizontal scale markers indicated by two

were measured using EDX spectroscopy. different distances were shown as insets.
In this paper, all the SREM images were compressed in
the electron-beam incident directiévertical direction since Ill. RESULTS AND DISCUSSION

the glancing angle of the electron beam to the sample surface
was set to 2.3° in order to obtaingg RHEED pattern. The
unit length in the vertical direction was about 24 times larger Figure 1 shows the sequential SREM images of the fab-
than that in the horizontal direction. To reduce the imagerication and selective-growth processes. Ga of 1 ML was de-
compression, we often used a tilt compensation methodyosited on the surface, which was subsequently annealed at
where the magnification of images in the vertical direction550 °C for a few minutes. Figure(d shows an SREM im-
(parallel to the direction of the electron beamas three age of the surface after fabrication of the(13i1) surface
times larger than the magnification of those in the horizontalvindows. In this figure, the dark contrast lines correspond to
direction. Then, the vertical-to-horizontal ratio of the imagesthe atomic steps at the Si(3i(111) interface reported in a

A. Ga dots on S{111) surface windows in SiQ films
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previous study’ On the other hand, the bright contrast
points are Sil11) surface windows in a SiQfilm since the
specular reflection spot intensity from the clean Si areas is
significantly higher than that from the surface regions cov-
ered with amorphous Si¥ilms. Each window is 50 nm in
the horizontal direction. In the horizontal direction, the dis-
tance between the windows is 0,65 and in the vertical
direction 3um.

Figure 1b) shows an SREM image of 1 ML Ga deposited
at RT and annealed at 550 °C for 3 min. The dark and bright ] ]
contrast areas correspond to Ga dots and, §I. Since the FIG. 2. An SREM image of 0.56 ML Ga deposited at 550 °C.
Ga dots intercept the electron beam, the contrasts of the wir2ak @nd bright contrast areas correspond to Ga dots angf#io
dow area are the reverse of those in Fie)1Well-ordered ' " tilt compensation method was not used.
and random dots can be seen on the surface. The we
ordered dots are located on the(1dil) surface windows
shown in Fig. 1a). The size of the dots is nearly equal to the

slze of the windows. m c_ontrast, the random dots of 20 nm "ESO °C for more than 5 min. For the second, 0.56 ML of Ga
diameter are on the Sidilm. The size of the random dots is . : N
is deposited at the surface temperature of 550 °C.

smaller than the size of the well-ordered dots. On this sur-
face, we can find a so-called “depleted zone,” where the
random dots cannot be seen. The existence of a depleted
zone indicates that Ga atoms prefer to form dots on the win- Figure 3a) shows a high-magnification SREM image of
dow area rather than on the Si@lm. The width of a de- 1ML Ga deposited at 510°C on SjGilm. The dark and
pleted zonel, gives important information for the design of bright contrast areas correspond to Ga dots and, Hif.
periodic windows for selective growth because random dot#lmost all the Ga dot images consist of a pair of circles.
on SiG, films cannot be formed when the distance betweerSince the glancing angle of an electron beam to the sample
the windows is smaller thand2. The depleted zones are surface is set to 2.3°, the Ga dot intercepts the electron beam
observed between the well-ordered dots in the horizontal dielirectly incident to the dot and the beam reflected from the
rection while that in the vertical direction are not clearly seensurface neighboring the dot. The electron beam incidents
because the SREM image is compressed in the vertical dfrom the lower to the upper side of the SREM image. There-
rection. During the deposition at RT, Ga atoms on the,SiO

film are uniformly distributed over the surfa¢eot shown. (a&

l*E)und two processes in which Ga dots grow on th@ Bl
surface windows only. For the first, Ga is deposited on the
atterned surfaces at RT, and then the surface is annealed at

B. Ga dots on SiQ films and Si(111) surfaces

Hence, during annealing, we consider that the Ga atoms dif-
fuse to the window areas, desorb from the surface, and nucle-

ate forming random dots.
Figure Xc) shows an SREM image of additional anneal- '
ing for 2min after Fig. 1b). In this image, the depleted

served around the well-ordered dots. Some of the random
dots have disappeared while the well-ordered dots are pre-

served. These results strongly suggest that Ga atoms gn SiO ”

zones are larger than those in Figb)l and are clearly ob- '

films diffuse to the window areas and desorb from Sfins

easier than from $111) surface windows. Hence, the -

nanometer-scale Ga dots or{i1) surface windows can be vy

formed by further annealing. The difference in the desorption (b) , . o

rate between Si9Qfilms and S{111) surfaces will be de- - s

scribed later. . o :
Figure 2 shows an SREM image of 0.56 ML Ga deposited e :

at 550 °C. The arrangement of the dotted windows array is L .

the same as that in Fig.(d. The dark and bright contrast s

areas correspond to Ga dots and Sftim. We can see the A ' ey ’

well-ordered dots on the dotted windows but we cannot see oy . o ’

the random dots on the Sj@ilm. This indicates that Ga dot : ' ;

nucleation hardly takes place on a $i€urface under these P - :

deposition conditions. The smallest size of the dots is about R T ' i i

20 nm. The most important parameter determining the size of . Shpaly = 1 Em |2|.Im

the dots is considered to be the thermal drift during the win- : - ' e —

dow fabrication since the electron-beam irradiation area be- G, 3. (3 an SREM image of Ga dots on Sidilms after

comes larger. For deposition above 560 °C, the Ga-inducegeposition of 1 ML Ga at 510 °Qhe tilt compensation method was

6.3X6.3 or/3 x |3 structuré® is observed in the window not used, and(b) an SREM image of Ga dots on a clear(13il)

areas, but Ga dots are not. In the course of this study, weurface after the deposition of 1.5 ML Ga at 510 °C.
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.2 600°C 550°C 500°C A previous stud} reported that the activation energy of
10 l ' ' ] evaporation from Ga liquidH, , is 2.56 eV. This value is
] larger than those of Ga dots on the $i®m and the S(111)
surface. In our observation of SjGilms and S{111) sur-
faces, Ga dots were uniformly distributed over the surfaces
[Figs. 3a) and(b)]. Hence, we consider that the difference in
the activation energy is related to the temperature depen-
] dence of the surface-diffusion length until desorption of
Si(111) \O ] Ga atom detached from Ga dat.is D7, WhereDy is the
1.22ev ® 1 surface-diffusion coefficient anet, is the mean-residence
] time of Ga on the surface. When the average distathce
between two neighboring Ga dots is less than the whole
Si (or SiG,) surface contributes to the desorption rate be-
10 o cause Ga atoms migrate over the whole surface and eventu-
125 13 135 14 145 15 155 ally leave it by desorption. In the opposite cate 2\ Ga
1/KT (ev™) adatoms can be found only in the areas of the radius
around each Ga dot. That is why the desorption rate in this
FIG. 4. Arrhenius plots of desorption rate on Si@m and case depends on the number density of Ga das well as
Si(111) surfaces. The measuring data on the Siin and S{111)  on the average diffusion distanae Hence, the temperature
surface are indicated by the open and filled circles, respectively. dependence of the desorption rate is given gy? exp
(—H, /KT). The surface-diffusion lengtk is proportional to
fore, the upper and lower part of the circles are, respectivelyexd (Eqes— Es)/2k T], whereEy.s and Egq4 are the activation
the real and shadow images of the dots. This indicates thanergy of desorption and surface diffusion. Theas a tem-
the contact angle of the dots on the Sifdm is greater than perature dependence: ¢&p,/kT]. Thus, the desorption rate
90° and thus that the Ga dots are repelled from & Sii0®. is proportional to exp-(H,—Egest Esg— Enum)/KT]. Gener-
Each dot is about 20 nm. The number density of a dot isally, Ey. is larger thanEgy. In our experimentE,,, is a
about 1.3< 10°cm2. It is important that the dark area in positive value since thg decreases when the substrate tem-
the SREM image is proportional to a product of the height ofperature is increased. Therefore, b2\, the activation
a dot and the width in the horizontal direction of the image.energies are smaller for desorption from dots than from Ga
In contrast, Fig. @) shows a SREM image of Ga dots on a liquid H, . In our experiment, we confirmed this condition
clean Sf111) surface after the deposition of 1.5 ML Ga at by comparing the estimation of and the Ga dot density.
510°C. The dark and bright contrast areas correspond to Gehe difference between the activation energies of the desorp-
dots and a Ga-wetting layer. The size of the dots is aboution rate on SiQ films and Sf111) surfaces is very small
200 nm, and this is about ten times larger than those on theven though the activation energies are sensitive to surface
Si0, film. The number density of the dots is about conditions. Since the values Bfy.s andEg for Si(111) sur-
1% 10" cm 2 The SREM image of Ga dots does not havefaces and SiQ films are not yet certain, we consider that
a waist, as shown in Fig.(8). This indicates that Ga-wetting their difference Egyes— Esqt+ Enum) for Si(111) surfaces to
layers do not repel Ga dots, and Ga dots are easily formed ase nearly equal to that for Sidfilms.
Si(111) surface windows.

-3
10

Desorption rate (arb. units)

D. Diffusion of Ga atoms on SiG films

C. Desorption of Ga dots on SiQ films and Si(111) surfaces As shown in Figs. 1 and 2, the width of the depleted zone
The desorption rates of Ga dots on $ifdms and S{111) d, gives important information for design of periodic win-

surfaces were measured using EDX. To avoid desorptiofows for selective growth. Figure¢a, 5(b), and %c) show
during the EDX measurement, the measurement was done SREM images of Ga dots on Sj@ilms with linear S{111)
the following way: Ga was deposited on the surfaces at RTsurface windows after the deposition of 0.5ML Ga at
the sample was heated to 480—620 °C for a few minutes, ardb0 °C, 1.0ML Ga at 530°C, and 1.5ML Ga at 550°C.
the EDX measurement was done at RT. The amounts of Gkinear windows in the Si@film were fabricated by the same
deposited on the SiXilm and S{111) surface were 1.5 and technique as shown in Fig(d. The dark lines, dots, and
2 ML. Since the intensities of the Ga and Si peaks werdright contrast areas correspond to the Ga lines on the win-
proportional to the electron dose, the amount of Ga on thélows, Ga dots, and Sifilms. The depleted zones are ob-
surface was determined by the ratio of Ga:Si peaks. Figure gerved at both sides of the linear windows. The widths of
shows Arrhenius plots of the desorption rate on Sfibns  zoned, in Figs. a), 5(b), and %c) are about 0.19, 0.27, and
and S{111) surfaces. The desorption rate of Ga on Sfiin ~ 0.49 um, respectively.
is 2 to 2.5 times larger than that of Ga on #13il) surface. Increasing the substrate temperature decreases the number
The activation energies of desorption on Sifilms and density of the dots while the width of the depleted zahe
Si(111) surfaces are 1.33 and 1.22 eV. The desorption rate#icreases, and Ga atoms migrate on the,Siln, and either
indicate that random dots on Si@ms are desorbed easier leave the surface by desorption or join some of the Ga dots.
than well-ordered dots on @ill) surfaces, and this differ- Hence, we define the effective lifetime of Ga atoms;:
ence explains well the selective growth of Ga dots on
Si(111) windows as shown in Fig. 1. Uree=Urgest Utnyel, 1)
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(% ‘ LEnEY S J...,___h’ "L P H SR, mental data were obtained from 14 SREM images at each tempera-

ture. The distribution of the data gives a slightly smaller deleted

FIG. 5. SREM images of Ga dots on Sidilms with linear ~ zone width than those obtained in Fig. 5.
Si(111) surface windows after the deposition of Ga) 0.5 ML at

450°C, (b) 1.0 ML at 530°C, and(c) 1.5 ML at 550°C. The AG(x)=16mo3Q213A u(x)?, (6)
deposition rate is about 0.19 ML/min. All images have the same
scale. Ap(x)=KT In[ng(x)/ng], (7)

wherergesand,, are the lifetime of a Ga atom in the state WhereNo, o, AG, o, ), andAu are the concentration of
of mobile adsorption until it evaporates and attaches itself t@dsorption sites, the_frequen_cy of atom attachment to crmca_l
Ga dots. Although ., has generally a position depen- Nucleus, the nucleation barrier, surface-free energy per unit

dence(since the number density of Ga dots depends on th@réa, the volume of one atom, and the difference in the
distance to the windoyy we assume that 4/, has no po- chemical potential between the adsorbed atom and the atom
sition dependence. The concentration of Ga atoms on th® the equilibrium state. The surface-free energy ofda a

Sio, film as a function of distance to the linear window function ~of = temperature, ~and is expressed by
ng(x) is thus expressed by a one-dimensional diffusion equa-708—0.066T-303)] [mJ/nf].*! As we mentioned before, in
tion: SREM images, the dark area is proportional to the product of

the height of a dot and the width of a dot in the horizontal
ang(x)/at=Dg d?ng(x)/dx?—ng(X)/7ess+ Rg=0, (2)  direction. As shown in Fig. @) and Fig. 5, two dots are

L ) . ) , sometimes superimposed on one another. Hence, in the
where the axis is perpendicular to the linear windo®,s is  SREM image, the concentration of the contrast in the hori-
the coefficient of surface diffusion, arit is the flux of Ga  zonta direction might simply not correspond to the number
atoms arriving at Si@films. The observation shown in Fig. gensity of a Ga dot. However, in our observation, the number
5 indicates that the linear window _is quicklly filled up yvith density of Ga dots is small near the linear window, and the
Ga. Hence, fox=0, the concentrationy(x) is equal to its  sjze of the dots is nearly uniform. Therefore, the number
equilibrium valueng, where the two-dimensional gas of Ga density of Ga dotd,(x)ty can be estimated by using the
atoms is in equilibrium with the liquid Ga covering the clean concentration of contrast in the SREM images shown in Fig.
Si surface. Under this boundary condition, the concentratiom, The curves calculated by E¢) were fitted to the con-

of Ga atoms on Si®films ng(x) is given by: centration by using s andRg7¢/n¢ as fitting parameters at
_ e / each temperature. Figure 6 shows a number density of Ga
Ns(X)=RsTet+ (Ns— RsTerr) €XA = X/As), @ dotsl n(X)tq as a function of distancefrom linear windows
where surface-diffusion lengtky is defined as\/m. in a horizontal direction. Figures(®, 6(b), and Gc) corre-

On the other hand, the number density of a Ga dot i$Pond to the deposition temperatures of 450 °C, 530°C, and
expressed by (x)ty, wherel (x) andty are the rate of 559°C, respectively. The density is normalized by the satu-
Ga-dot nucleation and deposition time. When the Ga dot i§ation value at each temperaturexate. The closed circles
assumed to have the spherical shapes shown in Fay, 3 and .th.ICk lines indicate the number density of Ga dots and
1,(x) is given by?° the fitting curve calculated by E@). The\s andRg7et/Ng

found by fitting the curves to the experimental results are
Ih(X)=Ngw(x)exd —AG(x)/kT], (4)  summarized in Table I.
The Rg7ets/Ng, the maximum supersaturation ratio, de-
w(X)=Dgng(x), (5) creases when the substrate temperature is increased. The de-
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TABLE I. The A and theRse¢¢/ng as a function of the sub- the width between windows is smaller thad,2 random

strate temperature. dots cannot be formed on Sj@Ims. As shown in Fig. &),
the width 2, is about Jum at 550 °C. This width is nearly
Tsup (°C) 450 530 550 equal to the distance between the windows on which only Ga
A, (M) 56.1 70.6 91.7 dots are]c gro:lvr(Fdlg. _2). Tk}ese \_/a(ljl_Jes gn(/je |mp?rtant Imfo_r-
Rerere/nS 1259 3 107.4 333 mation for the design of periodic windows for selective
growth.
crease of the supersaturation ratio induces the decrease of the IV. SUMMARY

chemical potential differencd u. This reduces the Ga dot

nucleation rate as obtained from Ed¢4)—(7). This feature A | )
coincides with the experimental results in Fig. 5, where th fermed ultrathin SiQfilm was studied by using SREM and

density of Ga dots far from the linear window decreases DX. Nanometer-scale 8lil1) surface windows were fabri-
Y - ; cated by the electron-beam-induced thermal decomposition
when the substrate temperature is increased. Sigce ap-

) of the film. After that, Ga was deposited on the patterned
proaches ta$ near the window, the depleted zone near the P P

X . . . . surfaces at RT-550 °C. We found two processes in which Ga
linear wmdt_)ws IS ma|r_1ly prt_)duced by the decrease in the G?iots grow on SiL11) surface windows only. For the first, Ga
dot nuclea.tlon rate originating from the decreaselgs. .. was deposited on the patterned surfaces at RT, and then the

The A increases when the substrate temperature is Msurface was annealed at 550 °C for more than 5 min. For the
creased. This feature is different from the case where onl

¥econd, Ga was deposited at 0.56 ML at a surface tempera-
desorption is considered. The surface-diffusion length detert- ’ P P

. D ure of 550°C. The smallest size of the dots was about
mined by desorptioriin absence of Ga dots on the surface 0nm, and was determined by that of thé1il) surface
decreases when the substrate temperature is increased. '

fhdow.
the other hand, the surface-diffusion length determined by Tc?\gtudy the mechanism of the selective growth of Ga

dots, we measured the desorption rate and the surface-

Selective growth of nanometer-scale Gallium dots on pat-

easurement showed that the desorption rate of Ga atoms on
O, flms was 2 to 2.5 times larger than that on clean
(111) surfaces, and that the activation energies of desorp-
tion on SiQ films was 1.33eV. The Ga surface-diffusion
r‘I’ength was estimated by measuring the temperature depen-
dence of the Ga depleted zone width near the linedrl13)

; i Surface window. The phenomenological nucleation theory
temperature dependence ofrdsk prowdgs a positive tem- ,5q applied to analyze these data. It was found that while the
perature dependence Rf (= VDo) This temperature de-  ghersaturation ratio decreased when the substrate tempera-
pendence contributes to the increase in the depleted zoRgre js increased, the surface-diffusion length increased. The
width due to the increase in the substrate temperature. IRaqres of desorption, the surface-diffusion length, and the

fact, Eq.(4) and the parameters listed in Table | provide ag nersaturation ratio explained the mechanism of the selec-
phenomenological description of our experimental results fog;, e growth of Ga dots on §111) windows.

the number density of Ga dots in the vicinity of the linear
window (Fig. 5).

Ga atoms prefer to form dots on the window rather than
on the SiQ films. Random dots on SiXilms are desorbed This paper, partly supported by the New Energy and In-
easier than well-ordered dots on(Bi1) surfaces. Moreover, dustrial Technology Development OrganizatigNEDO),
the A ¢ increases when the substrate temperature is increasedas performed by the Joint Research Center for Atom Tech-
Hence, the depleted zomg is formed near the §i11) sur-  nology (JRCAT) under an agreement between the National
face window area, and the width of the depleted zdpe Institute for Advanced Interdisciplinary Resear@NAIR)
increases when the substrate temperature is increased. Whamd Angstrom Technology PartnerstisTP).

surface-diffusion length.¢ in our experiments is thought to Si
be determined by the competition between the desorptio%i
rate(1/74e9 and the capture rate by Ga d@isr,,.). Thatis

why the gquantitative treatment of the temperature depe
dence ofA4 is difficult, and this complicated problem is be-
yond the scope of this paper. Our experiments show that th
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