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In this study, we examine the adsorption and thermal reactions of digeri@agstds) on the S{100)-(2X1)
surface with high-resolution core-level photoemission spectroscopy using synchrotron radiation. At 325 K, the
digermane dissociatively chemisorbed to produce &¢H,, GeH, and SiH species. The sticking coefficient
at zero coverage deduced from the photoemission intensity0i§. Successive annealing of the digermane-
saturated surface to higher temperatures causes further decompositiongdriseGeH and the desorption H
from GeH and SiH, leaving atomic Ge on the surface. In light of the sufficiently large chemical and surface
shifts in their core-level binding energies for different surface species, those processes were identified by
examining the evolution of Gedand Si 2 line shapes. Experimental results indicate that the reaction for H
release from GeH not only occurred in a large temperature range but also depended heavily osHthe Ge
adsorption coverages. Two reaction routes for H release from Ge sites were used to describe the large reaction
temperature spreads accurately. GeH decomposition by transferring the H atom to a surface Si dangling bond
took place for low coverages &590 K, and H thermal desorption occurred for higher coverages in the range
of 590-770 K. The former process of atom transfer of H from Ge to Si sites was directly observed in the Ge
3d and Si % photoemission spectrgS0163-18206)04044-1

I. INTRODUCTION recombinative desorption from two of GeH, SiHand SiH
surface species, respectively. Interestingly, ¢héesorption

. i ; I EIM(G state is missing for low surface Ge coverages. These inves-
germanium, silicon-germanium alloy, aB)m(GeN)p su-  yigai0rs accounted for their result by introducing an addi-

perlattices by vgpgg—phgse epitaRyPE) have received con-  iona| H release channel for GeH speciesH atom can
siderable attgntldn owing to.the|r .r|ch fundamental inter-  transfer from the weaker Ge-H bond to a stronger Si-H bond
est and their vast applications in Si-based technofogy.while the surface Si dangling bonds are available at low cov-
Recently, two gas sources, disilafi,Hs) and digermane grages.
(Ge,Hg), were applied as molecular precursors for Si and Ge |n this work, we investigate the adsorption and thermally
growth, respectively=® Compared with Gell the gas induced (325-900 K dissociation of GsHg on S{100)-
source conventionally used in the industry, digermane has @x1) for various exposures. Our study utilizes high-
lower decomposition activation energi2.9 eV) for the resolution core-level photoemission spectroscopy using syn-
Ge-Ge bond than th#8.8 e\) for the Ge-H bond in Gel'®  chrotron radiation. The technique is based on the observation
consequently, it offers many advantages, including a markthat both surface Si and Ge atoms of cleafl@)-(2Xx1)
edly higher sticking coefficient and lower substrate temperaand Ge-covered 8i00-(2X1) exhibit a core-level shift to
tures. lower binding energies, but to higher bonding energies after
Klug, Du, and Greenlief and Ning and Crowell examined bonding with H atoms>® By monitoring the intensities and
the low-temperature adsorption and thermal decompositiofhanges in binding energies of all the shifted $i @nd Ge
of digermane on $100-(2x1) using a number of tech- 3d core levels, the atomic processes on the surface are re-
niques including multiple internal reflection infrared vealed. Although the above-mentioned TPD study contended
spectroscopy!  temperature-programmed desorption that the H transfers from Ge to Si sites at low,Bgcover-
(TPD),>1213 ultraviolet photoemissio and x-ray photo- ages, their conclusion is indirectly based on the lack of H
electron spectroscopy.It is known that digermane adsorbs desorption peak derived from Ge sites. Results in this study
molecularly at 110 K or below. When the substrate is heatedémonstrate that the H-induced shifted component develops
to ~150 K, a physisorbed digermane molecule decomposé§ the Si 2 spectra, but simultaneously vanishes in the Ge
into two GeH radicals. As the annealing temperature is3d spectra for low coverages &t590 K. Such an occurrence
raised to 200 K, a partial decomposition of the Gejfoups undoubtedly demonstrates the atom transfer process.
was found. Over the temperature range of 500-900 K, a
series of H desorption peaks were observed in the TPD
spectra. In the TPD study of Gi¢5 on Si100 and D, on
Ge/S{(100), both groups found, for high surface Ge cover- Our photoemission measurements were carried out at the
ages, three KHD,) desorption maximax (590 K), B, (670  Synchrotron Radiation Research Center located in the Hsin-
K), and B; (780 K). The three peaks were assigned for H chu Science-based Industrial Park, Taiwan. Light from the

Surface processes during the growth of epitaxial silicon

Il. EXPERIMENTAL PROCEDURE
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FIG. 1. Atomic model for the $100-(2x1) surface and sche-
matic diagrams illustrating various bonding configurations of diger- E?,Lan Si(100)-(2x1)
mane fragments. Si 2p Core

hv=136 eV
1.3-GeV storage ring was dispersed by a Dragon-type 6-m £ e
Low-energy Spherical Grating Monochromator. All the | o= '~ //\ AN,
Ge,Hg adsorption, annealing, and Ge film growth samples ]
were preparedn situ in a u-metal 1x10 '%torr ultrahigh 5 ] o
vacuum system. Photoelectrons were collected and analyzed Relative Binding Energy (eV)
by a large hemispherical analyzer. The overall energy reso-

lution was better than 120 meV. . FIG. 2. Photoemission spectfeircles for the Si 2p and Ge 3
The 5(10(_)) samples(Wackep, of size 0.3<1.2X0.05  core levels of (@ Si(100-(2x1), (b) Ge100-(2x1), and (c)
e, were sliced fromn-type wafers with a resistivity of  H/Si(100-(2x1) monohydride surfaces obtained by annealing the
about 202 cm. The wafer's misalignment is about 0.5°. Af- disilane-saturated @00 surface at 670 K(d) The Ge/S(100)-
ter degassing at 800 K for many hours, each sample wa@x1) surface obtained by annealing the digermane-saturated
subjected to annealing at1400 K, following the standard Si(100-(2x1) surface at 900 K. The photon energies used are in-
proceduré”® Digermane (Voltaix, ultrahigh purity grade, dicated. The solid curves are fits to the data. The curves lalled
20% in He was introduced into the chamber through a pre-S, S, and T are the results of a decomposition into individual
cision leak valve. The dosing pressure, in the Storr components which consist of a pair of spin-orbit split peaks. Bhe
range, was monitored by an ionization gauge which did nogomponent is derived from the bull, S, andT are surface re-
directly face the sample. The pressure readings of the iof@ted.
gauge were corrected by the gauge sensibility of He and

Ge,Hg, which are about 0.18 and 2.4, respectively, relative  Figure 2a) shows a surface-sensitive Sp 2core-level
to air® Annealing of the disilane-saturated sample was Perspectrum (circles for clean Si100-(2x1), and its least-
formed by resistive heating of the sample itself. The Samsquares fit(curves through the circleswith three decom-
ple’s temperature as a function of heating power was caliposed componen{gurves labeled®, S, andS'). The fitting
brated by attaching a small thermocouple to the center of thgas obtained by the standard procedtir€ All individual
back face of an identical test sample. Each annealing lasteghmponents, consisting of a pair of spin-orbit peaks, are as-
for 60 s. sumed to have the same Voigt line shape. As shown in pre-
vious studies, theB component corresponds to emission
Ill. RESULTS AND DISCUSSION from the bulk. TheS' component has a binding-energy shift
of +0.23 eV from theB component, and is not visually
resolved from the spectrum. However, several studies have
Figure 1 illustrates that the top atomic layer of15i0)-  verified its presenc€:?*~?*The S component is located at
(2X1) surface is formed by rows of dimerized atoms. Eacharound—0.51 eV relative to th& component, and is respon-
surface atom possesses a dangling bond which is highlgible for the small characteristic peak on the low bonding
reactive for chemisorption. The spacing betweenenergy side. Th& andS' components have been attributed
adjacent dimers in the same row is one lattice constantp the emission from the surface dimer atofeach have a
3.84 A. The two atoms in a dimer pair are generally believeddangling bondl and the second-layer atoms, respectively.
to be buckled, i.e., one of the dimer atoms is topologicallyNevertheless, other assignments are available foiSthed
higher than the other, as a consequence of further reducing components, thereby accounting for the charge asymme-
the total surface enerdy. try between two buckled dimer atorffs.?2*However, such

A. Atomic model for surface reactions
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an uncertainty does not affect our following discussion, since Si(100)-(2x1)+Ge,Hg at 325 K
the focus here is, in part, only on the relative intensity of the Ge 3d Core
S component, which is undoubtedly derived from the dimer hv=136 eV

layer. For brevity’s sake, the interpretation mentioned above
is referred to in the wording of the qualitative discussion; the
changes required for other interpretation are evident. The
line shape of the GedBcore spectrum and its decomposition
of clean G€100-(2X1), taken from Ref. 5 and shown in Fig.
2(b), are quite similar to those of the Sip2core of clean
Si(100-(2x1). Figure Zc), taken from Ref. 4, shows a pho-
toemission spectrum for the H{$D0)-(2x 1) monohydride
surface obtained by annealing the disilane-saturat€d &
(2x1) surface at 670 K. Notably, the spectrum shows a
broad line shape with subtle features: the broad shoulder at
0.5-1.0 eV actually consists of two shoulders with a long tail
to higher binding energies.

Since digermane has exactly the same molecular structure
with disilane, the surface reactions of digermane qi®)
can be expected to be quite similar to that of disilane on
Si(100 and G&100), which had been previously studiéd.
Similar to the Si-Si bond in disilane, the Ge-Ge bond in
digermane is the easiest to cleave. Accordingly, two &eH
radicals are produced owing to the scission of the Ge-Ge 7 o8 69 0 71
bond upon adsorption. The Ggkhdicals are highly reactive; Relative Binding Energy (eV)
once generated, they will react with nearby Si dangling
bonds immediately. This picture of dissociative chemisorp- F|G. 3. Photoemission spectra of the Ge Gre level for vari-
tion had been confirmed by the presence of Gelfter  ous digermane exposures ori1%i0)-(2x 1) at ~325 K. The binding
warming the surface to 150 K from 110 K, at which tem- energy is referred to as the corresponding §i,2line of the bulk
perature GsHg is molecularly absorbed on @0D0-(2X1). component. The intensity of each spectrum has been normalized to

Photoemission Intensity (arb. units)

This reaction can be expressed as follows: the incident photon beam intensity.
GeHe(g) —2GeH(s) 1) and
where @) denotes a gas phase species as)dafh adsorbed _ .
surface species. 2SiH(s)—2Si(s) +Hz(9), (6)

Figure 1 also shows possible b chemisorption geom- o ]
etries. In adsorption configuratiof, two GeH, fragments Where §) and (@) indicate a surface species and desorbed
bond onto adjacent dangling bonds of two dimers in thedas molecules, respectively.
same dimer row separated by 3.84 A. Configurati®in-
volves two dangling bonds of the same dimer, separated by B. Room-temperature adsorption

about 2.4 A. The Ge-Ge bond distance ofBgmeasures Figure 3 shows Ge @ core-level spectra for various ex-

241 A _Desp_lte their differences in the S_l-Sl separ_atlon,_posures of digermane on (800-(2x1) at ~325 K. The
both configurations were observed by scanning tunneling miz

; > . binding energy scale is referred to tBecomponent of the Si
croscopy in the similar disilane-on-G®0-(2x1) systen? ; ) i
The adsorbed Gepradical may decompose to form a 2p3p, line of clean Si100. The main feature of the spectra is

GeH, by releasing a hydrogen atom to a nearby Si dangling;he monotonical increase of their integrated photoemission
bond, as shown in configuratiad in Fig. 1. To reduce the ntensity as the digermane dose accumulates. Figure 4 plots

surface free energy further, Ggkhay decompose to form the integrated intensity versus the digermane dose. The pho-

GeH by either H thermal desorption or by transferring the H toemission signal linearly increases at extremely low cover-

atom to available open Si sites. Finally, all hydrogen atom ages and saturates after a total exposure L A
P ' Ys yarog =10"%torr ). The intensity is scaled in a manner in which

will evolve into the gas phase at even higher temperaturetsne saturation coverage is set at (ML) (1 ML=6.8x 10"

and the Ge deposition is completed. The above reactions C%rﬂn‘z) as obtained in a previous stufyBased on the slope
be constructed as follows: of the linear region at low Gelg coverages, an initial stick-

Gehy(s) + Si(s)— Gerh(s) + SiH(s), (2)  ing coefficient of about 0.5 is derived. Restated, every diger-
mane molecule striking the surface has a 50% likelihood of
GeHy(s) + Si(s)— GeH(s) + SiH(s), (3) sticking to the surface. This value is almost the same as that
found for SpHg adsorption on GE00)-(2X 1), indicating the
2GeH,(s)—2GeHs)+ Hy(9), (4)  similarity in their adsorption dynamics.

The line shapes of the Ged3spectra remain essentially
2GeH s)— Ge,(dimer)(s) +H,(g), (5) the same for all exposures above 1 L, thereby suggesting that
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C. Annealing of GeHg-adsorbed S{(100)-(2x1)
surfaces

o Figures %a) and 3b) show the Ge @ and Si 2 core-
0 level spectra, respectively, for the starting cleafl@)-
(2x1) surface and the same surface exposed to 15-L diger-
mane at 325 K followed by successive 60-s anneals to a
higher temperatures as indicated. All the spectra were taken
with a photon energy of 136 eV. At this dose, the surface
02} was saturated by digermane, as shown in Fig. 4. Again, the
binding-energy scale of Fig.(8 is referred to as thB com-
ponent of the corresponding Sp2ine in Fig. 5b). By using
o this internal energy reference, the effect of banding due to
the surface changes is eliminated. The bottom spectrum in
Fig. 5(a) was obtained from the GHg-saturated surface near
room temperature. Its line shape is rather broad, indicating
00, ) . . " PP multihydride species and disorder on the surface. As the an-
Ge,Hg Exposure (L) nealing temperature increases to 590 K, the line shape sharp-
ens, as shown by the deepening of the valley between the
FIG. 4. Integrated intensity of the Ged3pectra shown in Fig. two spin-orbit-split peaks. The line shape shifts toward a
3 as a function of digermane exposures. The intensity for saturatiofpwer binding energy by about 0.3 eV. At 650 K and above,
coverage is scaled to be a 0.4 Msee text another feature begins to appear on the lower-binding-energy
side, about-70.51 eV relative to the bulk component of the
the relative abundances of various surface Ge hydride spe&i 2pg, line.
cies are quite independent of exposures. The broadness of the From visual inspection of the bottom two spectra in Fig.
line shape can be attributed to disorder, the presence of dit(b), the S component of the Si @ spectrum for clean
ferent hydride species on the surface, and possibly vibraSi(100-(2x1) obviously disappears after saturation expo-
tional excitations of Ge-H bonds, which are observed in thesure at 325 K. The Si |2 line shape exhibits shoulderlike
spectra of gas-phase molecules. The line shapes of the spdeatures on the higher-binding-energy side, and matches Fig.
tra for dosages below 0.5 L are, however, different fromi(c) in many ways. The position of Sif2spectra remains
those for the higher exposures. Section Ill C further examyoughly the same below 590 K. Around 590 K, the line shape

03| )

Ge 3d Integrated Intensity
(o]

01

ines the implication of this difference. changes slightly, and shows an overall shift toward lower
(a) Si(100)-(2x1)+15-L Ge,H, (b) Si(100)-(2x1)+15-L Ge,H, at 325 K
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FIG. 5. Photoemission spectra f@ Ge 3d and(b) Si 2p core levels for SiL00)-(2X 1) saturated by a 15-L digermane exposure at room
temperature followed by progressive annealing to various temperatures as indicated. The relative binding energy scale referpig the Si 2
line of the bulk component. The arrows labe®@nd SiH indicate the positions for emission from the open dimer atoms and H-induced Si
sites. The bottom Si 2 spectrum in(b) and the top Ge @ spectrum in(a) are reproduced in Fig. 2 for displaying their decomposition into
individual components.
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binding energies. In the range 590-725 K, the line shapsome contribution from final state shiftsf ~0.4 eV occurs
remains mostly unchanged. Beyond 725 K, $heomponent for GeH formation. This binding-energy shift is roughly the
gradually reappears. At 860 K and above, the relative intensame as that of SiH formation on($00-(2x1).* At this
sity of the S component to the bulk is about 30% of the annealing temperature, the corresponding Bicre-level
original clean surface, indicating a partial removal of the Sispectrum in Fig. &) shows a line shape quite similar to that
dimer atoms. of the H/S(100-(2x1) monohydride surface, although the
As mentioned earlier, previous TPD studies demonstrategubshoulder at the high-binding-energy side, reflecting the
that the hydrogen thermal desorption from the H-induced chemical-shifted component, shows relatively
GeyHg-covered Si100) surface was completed at 900 K. At smaller emiss_ion intgnsity. This is conceivable since part of
this temperature, atomic Ge is the final reaction product o€ surface Si sites is not covered by H, but by Ge, which
the surface. Figure(d) provides a detailed picture of the Ge should cause _only a slight (_:hem|cal shift due to the similar
3d spectrum after annealing the b&-saturated surface at €lectronegativity between Si and Ge.
900 K and its fitting with two components, labelSdandT. For annealings below 590 K, the line shapes of Ge 3

This spectrum is quite similar to that obtained from the Ge/cOTe levels are rather broad, which is expected for the pres-
Si(100 surface by means of molecular-beam epitaxy€NCe of different hydride species and disorders. The combi-

(MBE).1523 This finding is expected since all of the hydro- nation of two major components in these spectra is further

gen has desorbed, and the Ge films performed by VPE angVident from those in Fig. 3 in the low Gié; dose region.
MBE are the same. Contrary to Si indiffusion on theGag) ~ BOth liné shapes of the Ged3core for 0.2- and 0.5-L dos-

surface, the interface between a Ge overlayer and (160G  29€S clearly show that a shoulder is located on the lower-
surface is sharp, as confirmed in many studfeghis is also ~ Pinding-energy side. The binding energy of the shoulder is

evident by the fact that the integrated intensity of Ge 3 ligned with the Ge 8 spectrum in Fig. &@) after a 590-K
spectra in Fig. &) remains nearly constant during anneal- anneal. In that respect, the shoulder is also characteristic of
ings up to 900 K. Also, the Ge-covered(BI0) surface ex- GeH fragments. Since dihydride and trihydrides should ex-

hibits the same dimer structure. Overall, we can conclud&iPit higher chemical shifts than monohydrides by about
that theS component in Fig. @) has the same atomic origin 0..17—0_.35 eV, the most straightforward interpretation of
as that in clean $100) and G&100). Since no indiffusion of ~Fi9- 3 is that the major component of Gel 3pectrum cor-
Ge into the bulk occurs, th& component is undoubtedly €SPonds to the Ge dihydrid&eH,) with possibly a few

surface or subsurface related. However, further informatiorifinydrides(Ger); this interpretation correlates with that in

regarding its structural implication cannot be derived at thi Previous infrared study. o
point. The presence & intensity in Ge 3l core level is also Interestingly, the relative emission of GeH to Gels

justified by the partial removal of the photoemission yield of/2r9€r at low GeHg dosages. This is most probably owing to
the S component in the clean @00). the lack of nearby Si dangling bond for H release at a higher

Since theS component characterizes the open dimer at->€ hydride adsorption fragment population, in that the sur-
face diffusion rate is quite small at room temperature.

oms, its gradual reappearance in $i 8pectra[Fig. 5b)]
between 725 and 860 K suggests the hydrogen desorption
from SiH monohydride radical€qg. (6)]. The observation of
this reaction temperature region is fairly consistent with the
B1 desorption state centered at 780 K for a monohydride Si Figures §a) and &b) show Ge 8 core-level spectra for
surface in the TPD spectra. As discussed above, open G&i(100-(2Xx1) exposed to 0.2- and 1-L Gdg, respectively,
dimer atoms contribute to the majority photoemission inten-at the various annealing temperatures indicated. From the
sity of the Ge & spectra after a 900-K anneal. Moreover, theintensity calibration shown in Fig. 3, the Ge coverages for
line shapes of the Ged3core above 770 K in Fig.(®) are  0.2-L dose is about 0.05 ML, and for 1 L, 0.23 ML. Upon
quite similar, indicating the completeness of Hesorption GeHg adsorption at 325 K, the line shapes of the Glec8re
from Ge sites. In the range 590—770 K, the intensity of$he reflect the combination of Gell GeH,, and GeH, as dis-
component of Ge 8 slowly surges, marking desorption cussed in Sec. Ill C. After annealing at 590 K for 60 s, the
from GeH surface speci¢&q. (5)]. Again, this temperature spectrum with the 0.2-L dose is quite similar to the one an-
range correlates well with the desorption state in the TPD nealed at 900 K. Figure(b) shows that the spectrum after a
spectrat®>!® The lower H desorption temperature and the 650-K anneal consists primarily of tf&component. In Fig.
associated desorption activation energy of GeH, as compareda), visual inspection indicates clearly that the similar line
to SiH, can be rationalized by the fact that a Ge-H bond isshape for the 900-K anneal appears at 770 K. Since the final
weaker than a Si-H one. reaction product is Ge dimers on the surface, the H liberation
At 590 K, the Ge 8l core in Fig. %a) exhibits a relatively from the Ge hydride adsorption fragments is obviously com-
sharp line shape, consisting essentially of only one compopleted at 590, 650, and 770 K for 0.2-, 0.5-, and 15-L expo-
nent with some broadening possibly due to vibrational excisures, respectively.
tations. As discussed above, the dtsorption from GeH and The large spread in the reaction temperature for H release
the simultaneous Ge dimer formation start to take place imfrom Ge sites for different Ge coverages is impossible for
mediately above 590 K. Naturally, this spectrum can be atusual desorption mechanism with a single activation energy
tributed for Ge monohydride species. The difference in bindbarrier. As suggested in the TPD studies mentioned above,
ing energies between this spectrum and $heomponent is  two possible pathways arg) H, desorbs into space by re-
about 0.9 eV. Taking into account the surface-to-bulk shift ofcombination from two GeH species, as stated in Eq. 5; and
about 0.5 eV, we can infer that a chemical stdfitd possibly (i) H liberates from a Ge-H bond, diffuses to a nearby open

D. Annealing behavior with low digermane dose
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FIG. 6. Photoemission spectra of Gd 8ore levels for various

annealing temperatures as indicated. The sample is cléaf0Bi FIG. 7. Photoemission spectra of Sp Zore levels for various
(2x1) and exposed t¢a) 0.2 L and(b) 1 L of digermane at-325 annealing temperatures as indicated. The sample is cléaA0Bi
K. (2x1) and exposed t¢a) 0.2 L and(b) 1 L of digermane at-325

K. Again, the relative binding energy refers to corresponding Si

Si site, and forms a Si-H bond. Because a Si-H bond i€ Par2 bulk components of corresponding Sp Zore levels.
stronger than a Ge-H bond, the latter route is energetically
practical and can be described as follows: through H diffusion; thus recombinative desorption of H
: . from Ge sitedEq. (5)] takes place. The emergence of e
GeH(s) +Si(s) > Gels) + SiH(s). @ desorption state at higher coverages in the TPD spectra lends
If Eq. (7) is to occur, the annihilation of surface Si dangling support to this reaction. The saturation of the Si-H peak in
bonds(left-hand sid¢ and the concurrent formation of SiH Fig. 5(b) for digermane-saturated surface through the tem-
monohydride speciefight-hand sidg should provoke the perature range of the desorption peak also corroborates this
replacement of the emission of ti& component(derived  desorption mechanism.
from Si dangling bondsin Si 2p spectra by the H-induced
shifted component upon the rise of the emission fromS3he
component in the Ge®spectra(shown in Fig. 6. Indeed,
all these changes in line shapes of §ispectra were experi-
mentally observed. Figure 7 shows the i&re-level spec- High- luti Jlevel phot . ith hro-
tra corresponding to the Gad3pectra in Fig. 6. The bottom gh-resoiution core-level photoemission With Synchro-
spectrum in Fig. @ shows the Si @ spectrum for S100) tron radiation was employed to study the adsorption of di-
with a 0.2-L digermane dose. Upon bonding with absorptiorrcJermane on $1OO)'_(2X1) at near room temperature, and
fragments GeHand H, the relative intensity of the com-  Subsequent pyrolytic decomposition and hydrogen desorp-
ponent declines and the Si-H peak mounts. Here the Si-Hion at elevated temperatures. Initial (_:hgermane adsorption at
peak can be best understood by examining the changes of thgom temperature causes the formation of GeBGeH,, and
relative depth of the valley between the two spin-orbit peaksGeH surface species; in addition, the sticking coefficient is
After annealing to 590 K, the emission intensity of t8e around 0.5. At higher adsorbed Geldoverage, the main
component drops and the Si-H peak builds up further. Simiadsorption fragments are Ggind GeH, owing to the lack
lar changes between the lower two spectra in Figp) are  of nearby Si dangling-bond sites. Annealing the digermane-
also evident. saturated surface leads toward H-reduction surface reactions.
Notably, the reaction in Eq(7) requires surface Si dan- In contrast to SHg/Si(100) system in which surface reac-
gling bonds. If the GgHg coverage is sufficiently high, no tions can be described by stepwise decomposition of; SiH
nearby open Si sites are available for GeH decompositiomadicals, two reaction pathways for hydrogen release from

IV. SUMMARY
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