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Hydrogen population on Ge-covered S001) surfaces
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A series of isochronal annealing experiments have been performed using high resolution electron energy loss
spectroscopy in order to probe the thermal decomposition of monohydride and dihydride species from Ge-
covered Si001) surfaces. The Ge coverage was varied from submonolayer until completely covering the
silicon surface. The films were exposed to atomic hydrogen at room temperature and the intensities of the
hydrogen vibrational features were monitored as a function of annealing temperature. Marked steps in the
stretching mode intensities are observed, directly connected to monohydride decomposition. The existence of
a desorption state specific to surface alloying is thus clearly identified in the Ge-H stretching intensity tem-
perature dependence curve, interpreted as involving the recombinative desorption of two hydrogen atoms from
mixed Ge-Si dimers. From the scissors mode intensity variation, it is deduced that both Ge and Si dihydride
species decompose simultaneously at all coverages, and that it always occurs before monohydride desorption
takes place. Furthermore, we observe the Géekmation enhancement due to the presence of the neighboring
silicon atoms. Finally, the desorption of all hydride species is shown to be boosted when increasing the Ge
contents at the 8)01) surface. To summarize this study, the complete experimental desorption diagram of the
hydrogen population, as functions of both stoichiometry and temperature, is presented.
[S0163-18299)13131-X

[. INTRODUCTION gas phase it is usually necessary to use a complementary
techniqué® in order to connect the TDS hydrogen desorption
Chemisorption of hydrogen on covalent Semiconducto[features with the related bonding configurations at the sur-
surfaces is receiving considerable attention both for its techfAce- , ,
nological and scientific interests. Hydrogen can readily reacy, I turn high resolution electron energy loss spectroscopy
with the surface dangling bonds to form stable hydrides. | HREELS detects atoms and m_olecules Wh.”e th_ey are sl
some cases, unreconstructed ideal surface termination occ gsorbed at thg_surface. Chemical adsorption sites ar_1d hy-
that provides an ideal system for experimental investigatio ride .comp03|lt|on may thus . oft(_an be determined
and theoretical modeling of the semiconductor surface. O@namblguousllg. By using this vibrational spectroscopy,
the other hand, Kis one of the simplest adsorbates to study chaefeet al. were the first to succegsfully study the ther-
adsorption, reaction, and desorption of molecules on semfpal decomposition of hydrogen on SiGe alloys. Moreover,

conductors and may serve as a prototype to understand mo%ey established that the combination of HREELS with

complex molecules. atomic hydrogen could be used as a probe of the surface

: : : ition in semiconductor alldy.
Indubitably, hydrides also play a central role in growth composi .
processes such as chemical vapor deposit@vD).! Upon Recently, we performed HREELS studies of post-grown

decomposition of reactants on the substrate surface, stab?é‘rfaceS of Si,Ge, prepared by hot-wire CVD a_t
posm , y ~350 °C1* We found that because of the presence of neigh-

hydrides are formed. Eventually, hydrogen atoms act as site “: - > .
y y, nyerod gorlng silicon atoms some Ge-H bonds were stabilized at this

blockers! preventing further adsorption and gas reaction. ; ;
However, by modifying the hydride composition at the Sur_(relatlvely. elevateftemperature. Moreover, when this tem-
rature is used to grow alloys, the surface undergoes a

face, the opposite effect can be obtained and hydrogen m X g . .
etal-semiconductor transition occurring with changes of

lay the role of factadtt M lly, th pro- ar ; .
play the ro'e o” a stitaca ore generaty, growtn pro h§t0|ch|ometry1,5 and apparently connected with the appari-

cesses are driven by thermodynamics and kinetics at t . e .
atomic level® which can be considerably influenced when tion of free surface dangling bonds deriving from the modi-

hydrogen is present. Therefore, modeling growth in CVD asﬁc"jlbt\i”cmhS in hy;irogen pop#Iation. . d . f isoch
a first step requires the exact knowledge of the population of A!l these phenomena have motivated a series of isochro-

adsorbed sites and of the modifications brought by chang I z(ajnnealmg experiments in o;dﬁr;qdacc?ratelédetermlng
in temperature and/or surface composition. the cesorption temperatures of hydndes irom Ge-covere

Amongst the various techniques used to probe desorptiorﬁ'(oob surfaces. The Ge/&]_Ol) system |_s.c.)ften used to
thermal desorption spectroscogfDS) has been widely simulate SiGe alloys and a p[cture of the initial growth stage
used®® It is easy to install experimentally and allows the SEEMS Now to be well establishEd.
access to fundamental quantities such as activation energies
or adsorption energies, order of desorption, which are valu-
able information to be directly compared with theory. How-  The experimental setup consists of a series of four inter-
ever, because hydrogen is only accessible as a molecule in it®nnected ultrahigh-vacuum chambetdHV) with base

II. EXPERIMENTAL
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pressure below 210 1°Torr. The first two compartments Energy Loss (meV)
are dedicated to quick sample introduction, gas do§ieg- -50 0 50 100 150 200 250

mane, disilane, and hydrogeand decomposition by means
of a 1800 K-heated tungsten filament and ion bombardment
facilities. A third chamber provides x-ray photoemission
spectroscopy(XPS and low energy electron diffraction
(LEED) capabilities. A two-level vacuum system houses the
IB2000 (VSW Instruments, Ltd.HREEL spectrometer, with
a double pass cylindrical deflector in both the monochro-
mator and analyzer according to the design of Ibdch.
Substrates, 1815 mn? in size were cut from a 40@m
thick Si(001) n-type (P-doped wafer with p=5-10( cm.
The clean S001) 2X1 was obtained in the usual way:
cycles of argon ion sputtering and annealing to 950 °C.
Within our experimental setup, the best Ge films were ob-
tained with a technique derived from catalytic-CMRef.
18) and UHV-CVD (Ref. 19, i.e., by W-filament decompo-
sition of GeH, onto the S{001) surface held at 350 °C, fol-
lowed by a brief flash annealing at 600 °C. This procedure
always resulted in a sharp and well contrasted LEED pattern,
2X1 at low Ge coverage and displaying the extrar? (n
=8) spots of missing dimers rodfsexpected for a Ge
monolayer on $D01). Atomic H was produced by
W-decomposition of 10° Torr of H, gas (uncorrected ion
gauge reading and surfaces exposed during 5 min. As ® —J
shown in the next section, this 3000 L dose (1L L
=10"%Torrs) leads to monohydride saturation of the sur- , \ .
face as well as dihydride formation. The LEED pattern con- -800 0 800 1600 2400
verts from 2<1 to 1X1, for pure Si surface as well as with Energy Loss (cm™)
submonolayer Ge coverages. However, thel2superstruc-
ture subsists faintly but still observable for nearly complete FIG. 1. HREELS dipole spectra recorded on various surface
Ge monolayer. preparations, after a RT atomic hydrogen exposacgiivalent to a
In the present study, HREELS data were collected in3000 L H, dose. (a) Hydrogenated $001) 1x1 surface. Hydro-
specular geometrincident equal to reflected angle=65°) genated Ge-covered (8D1) surface, with germanium films result-
with primary beam energy set to 6 eV. This energy approxiing from (b) 100 L, (c) 270 L, and(d) 1170 L, GeH exposure.
mately corresponds to a maximum in the reflected elasti®Pecular scattering geometry with 6 eV primary beam energy and
peak intensity for both the clean and hydrogenated silicorf = 65°:
surfaces and therefore, though weak, the dipole activity is _ )
expected to be maximal. The energy resolution, as deducetPectrum was taken between each heating step, after cooling
from the full width at half maximum(FWHM) of the re- the sample down to 60°C or below.
flected elastic electron beam4s40 cm %, with a count rate
ranging from 2 to 1 10° counts per second. After germa- . RESULTS AND DISCUSSION
nium deposition, the elastic intensity was usually slightly
lower than the one measured on the clea{®@i) surface.
This may reflect structural defects in film morphology, but Let us first present typical HREEL spectra obtained on
may be due as well to a displacement in (&) curve local ~ Si(001) surfaces with various Ge coverages, and subse-
energy maximum. On the contrary, the elastic intensityquently exposed to atomic hydrogen at RT: the baf@®)
which is mostly constant during an annealing experimentsurface[Fig. 1(@], the S{001) surface covered with a ger-
strongly reduce by a factor 2 to 4 with monohydride decom-manium film resulting from 100 L[Fig. 1(b)], 270 L [Fig.
position because of the disorder introduced by the desorptioh(c)], and 1170 L[Fig. 1(d)] GeH, exposure. In the latter
process at the surface. case, the surface is completely covered by the Ge film. The
A home made power-regulated and computer-controlledoss features present on the HREEL spectra are well
power supply was specially designed in our laboratory indocumented!~2® They are commonly referenced as the
order to perform isochronal annealing experiments. Thestretching and bending modes for Si(PLO5, 625 cm?) and
heating power was calibrated against temperature with &e-H (2000, 580 cm?) related to monohydride configura-
Cr-Al thermocouple clamped on the sample surface. Temtion on dimers. The Si-5(900 cm %) and Ge-H (840 cm %)
peratures above 300 °C were further controlled with an IRscissors modes correspond to dihydride formation conse-
pyrometer(IRCON 300. For the present desorption experi- quent to dimer bond breaking. On silicon surfaces partially
ments, the sample was gradually annealed at increasing temmevered with Ge[Figs. 1b) and Xc)], the FWHM on the
peratures for a constant 120-second period. An HREEL®lastic peak40 cm %) permits us to clearly distinguish be-

40 cm’!

Intensity (arb. units)

A. General aspect in HREEL spectra analysis



5940 T. ANGOT AND P. LOUIS PRB 60

1200
4000 3
1000 | " N
_ g 43200 &
2 800 £ g
S s &
o 42400 5
iy 600 IF 32105 cm ! 8 :.
Z £ 1600 5
S 400 F 5 172
E "’ E
— L] S

i 0
200 S 500 o
en
[-*]
o 0 Jo ©
1 1 1 L 1 1 ] 1 1
0 100 200 3000 400 500 0 200 400 600 800 1000 1200
Temperature (°C) GeH, Exposition (L)

=1 ; ~1
_FIG' 2. The _2105 cm str_etchln_g modésquare)s_and 900 cm ) FIG. 3. Ge surface contents deduced from HREELS by measur-

scissors modécircles intensity variation as a function of annealing ing the relative intensities of the stretching modelosed circles

temperature, on the RT (41) hydrogenated 801 surface. compared with the intensity variation of the iZopen circlesand

. ) Ge3d (open squargscore levels measured by x-ray photoemission,
tween the Ge-H and Si-H stretching modes as well as tQgs a function of germane exposure.

identify the scissors mode intensity maxima. This is obvi-
ously not the case for the bending vibrations. Indeed on the | ) _ . _ )
Si(001)-3% 1 hydrogen induced reconstruction, another lossSCISSOrs z_ind stretching modes intensities. This observation
feature connected with the presence of dihydrides was red!S0 applies for the complete set of measurements we are
solved at low temperaturél10 K) from the Si-H bending 90ing to report and also agrees well with the earliest obser-
and interpreted as the 640 chwagging mode of Si-w24  Vations of Frotzheini' Consequently we assume in the fol-
Although it has not been observed so far, we also expect ®Wwing that the intensity variations of the scissors and
Ge-H, wagging mode to exist in this energy range. In con-stretching modes distinctively and respectively depict the
sequence, due to the difficulty of interpreting the 600—70(changes brought in monohydride and dihydride populations
cm ! range in the present work, we will restrict ourselves toat the surface.
the analysis of the stretching and scissors mode intensity From Figs. 1b) and Xc) it can be seen that varying the
behaviors. germane exposure leads to a change of the relative Ge-H and
Up to now, we have implicitly assumed that the stretchingSi-H stretching mode intensities. Indeed, in previous studies,
modes are a vibrational signature exclusively related to th&chaefeet al1?**have demonstrated the possibility of using
monohydride populations. Indeed, this is not straightforwarchydrogen and HREELS to probe the surface composition in
since, for instance on silicon surfaces, a Si#tretching SiGe alloys. By assuming equal oscillator strength for Ge-H
mode was theoretically predict®dand is actually resolved and Si-H bonds, we estimate that 25 and 75 % of the surface
by infrared reflection spectroscaffysplit by ~8 cmi ! from  are covered with Ge atoms, respectively for the preparations
the monohydride stretching mode. In fact, very recently, bycorresponding to the spectra of Figgbjland Xc). However,
using the last generation of HREEL spectrometer combinethe surface composition still may not directly reflect the ex-
with highly resistive sample substrates, Tautz and Schideferact Ge(submonolayercoverage, since such a simple evalu-
have demonstrated the possibility of observing all the vibraation depends on the growth model. This point is better il-
tions predicted for the 801 hydrogenated surfaces. For lustrated with Fig. 3. We have measured the XPS intensity,
the particular scattering geometries they used, both dipoleéaken near grazing incidence to increase the surface sensitiv-
and impact selection rules seem to collapse, and they founitl, as a function of the GeHexposure and observed both a
that both antisymmetric and symetric modes, arising frominear decrease of Sf2 and linear increase of Ge3core
terraces as well as steps, from mono-, di-, and even trilevel signals, demonstrating that a constant growth rate is
hydrides species, contribute to the stretching intensity. achieved. On the other hand, the surface composikion
However, let us now consider Fig. 2 that displays theevaluated with HREELS, also plotted on Fig. 3, deviates
absolute intensity of the stretching and scissors modes asfeom a simple linear law above 300 L germane exposures for
function of the annealing temperature, measured after roowhich 50% of the surface were covered with Ge. From that,
temperaturéRT) hydrogen exposure of bare(801) surface. one would simply conclude that more than a Ge monolayer
Obviously, the two losses behave quite differently from eachis necessary to completely bury the silicon surface, because
other as the temperature increases. The intensity of the 90ff defects in the two-dimensional Ge island for instance.
cm ! scissors mode is nearly constant up to 100 °C, therStill, we want to mention the possibility that the hydrogen
continuously decreases up to 350°C, and more abruptlgxposure actually modifies the film morphology. Indeed, it
(over less than 50 °Qrops to zero. The scissors vibration is was recently demonstrated that above 256®@&tomic hy-
not anymore detectable above 400 °C. Over the whole tendrogen induces Si surface segregation. In fact, we will show
perature range the stretching mode intensity remains baselsewhere experimental indications that the Ge-Si site ex-
cally unperturbed. To conclude on this point, with the datachange mechanisthalready takes place at room tempera-
presented on Fig. 2, there is not clear correlation between thieire, but this point is beyond the scope of the present pdper.
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The intensity variation of the stretching modes with an-
FIG. 4. HREELS spectra at 6 eV primary energy ahd65°  nealing temperature is presented on Fig. 5 for three different
specular angle, recorded during an isochronal annealing expersurface compositions relevant to the present discussion. For
ment. clarity, intensities have been normalized to the spectrum ini-
tially recorded after the RT H-exposure, i.e., before starting

Some of the HREELS spectra taken during a typical iso-the annealing procedure. The upper anc_l I_ower desorpt_|on
curves were measured on surfaces consisting of pure Si (

chronal annealing experiment, which depict the intensity be-zo) and pure Gex=1) composition. The marked step in

havior of the stretching and scissors modes as a function %e intensity curves allows the clear identification of the Si-H

wsEaEnLnSealmg t(t—:-mperature,dczn pe fog_n(: Im F'%’ 4 ;pl_%nd Ge-H decomposition temperatures. The desorption tem-
spectrum . recorded - immedialely ~ ater perature for H from Si dimers, which we nofg, is mea-

H-exposure indicates that for this preparation, approximatel)éured at~470°C on Si001) surface. Similarly, we found

half of the silicon surface is covered with Ge atoms. As the 5t Ge-H decomposes arourd.90 °C. As expected, these
temperature increases, we observe that the intensity of thgy es are slightly lower than those reported by TDS on
various vibrational features eventually decrease reflectingiop1) (~525°Q (Refs. 30 and 3land G&001) (~290 °Q
hydride desorption from the surface. Similar series of spectrgref. 32 surfaces, because the latter technique uses a linear
were obtained, varying the Ge contents at the surface, an@dmp of finite rate that shifts the temperature desorption
intensities of stretching and scissors modes were quantitanaxima towards higher valués.

tively extracted by fitting each spectrum with Gaussian The two curves at the center of Fig. 5 represent the inten-
curves. We thus obtained the isochronal annealing intensitgity variation of the Si-H and Ge-H stretching modes at a
curves that we present in the next two sections. To simplifysurface with mixed X=0.5) composition. In this case, the
the discussion we describe the stretching vibration evolutiodehavior of the Si-H stretching mode intensity is qualita-
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represent the temperature extention of the steps. represents the“ hydrogen population on Ge atoms belonging to

pure Ge-Ge dimer. The dashed line is #{& —x) law for Ge-H on

tively unchanged but Si-H desorption now occurs at lowermixed Ge-Si dimers.
temperature. This result is in-line with the often-reported ob-

servation that a much easier route for Si-H decomposition igjotted as a function of the surface Ge contents. Because of
opened by the presence of 8&.° Interesting and quite re- our definition by HREELS of the surface Ge contertshe
markable is the Ge-H stretching mode intensity that largelysym of intensities lies on the=x dotted line. Forx~0.2,

sition. This time, the Ge-H decomposition occurs in & tWogeems to culminate at its maximum relative intensity. Above

step process. For the intgrmgdiate stoichiometry of Fig. 5x=0.4, the intensity ofx’, is strongly reduced and almost
the Ge-H stretching intensity first drops by 85%-a190°C )| the Ge-H decompose as , at low temperature.

(we will refer to this desorption step as;). Note that this We may now go further into the discussion by recalling
temperature approximately corresponds to the H-desorptiogyme recent advances on the growth of submonolayer of Ge/
temperature of the pure Ge surface. However, 15% of thejopy). pattheyet al® have examined the surface core level
|n|t!a| intensity is presgrved up to _350°C temperature algpifts in high resolution photoemission measurements during
which the Ge-H stretching mode vanishies step fromthe  the injtial growth of Ge on $001) and have demonstrated
HREELS spectra. the existence of mixed asymmetric Ge-Si dimers. Moreover,
The above measurements and set of data taken for.varioqlﬁey found that this growth mechanism is predominant at
Ge-covered $001) surfaces, are summarized on Fig. 6.yery low coverage and that the formation of buckled Ge
Each pOint stands for the temperature at half maximum me%imers over Sool) On'y oCccur near mono'ayer Comp|etion_
sured on each step, whereas the error bars reflect the stepesently, recent theoretical works favor the formation of
temperature extent. Obviously; is always detected as a mixed Ge-Si dimers against formation of pure Si-Si or
marked step. This result is to be brought together with these-Ge dimers? at least for half monolayer Ge coveratje.
observation of stable Ge-H bonds at 350°C onFor very low Ge coverages, Ge atoms are likely to be sur-
Si;—,Ge,/Si(001).** Now, in view of the present result, we rounded mostly by Si. By assuming that during the brief
can readily conclude on the existence of a specific hydrogeainnealing period, all the atoms of the Ge film dimerize to
adsorption site that derives from surface alloying. Herélead the observed (21) LEED pattern, a majority of Ge
again, all the features disappear at lower temperature witatoms are expected to be involved in bonding with Si. The
the increasing of Ge surface coverage. It indicates that Si-fydrogen dose used in the present experiments, as well as the
decomposition is boosted by the presence of Ge, and recippbservation of dihydride unitésee Fig. 1 and next sectipn
rocally Ge-H desorption is delayed under silicon environ-ensure that all the surface dangling bonds are saturated with
ment. We note that within our experimental energy resoluhydrogen. Yet, it is generally admitted that the desorption
tion, it was not possible to detect any shift in frequency thatmechanism of monohydrides on(301) (Refs. 30, 36, and
would indicate a change of the Si-H or Ge-H bond strength3?7) and Ge(001)-X 1 (Ref. 32 consist of a pairing model,
Concerning Ge-H desorption, the relative height ofdje  in which a paired set of hydrogen atoms desorb from a single
step is greater for small Ge contents<{(0.4). Then, as the dimer unit. It allows to account for the energetics involved
Ge coverage is increased,; rapidly develops and this is the by = bonding, as well as the first order desorption kinetics
only step in the Ge-H desorption curve measured for coverebserved by TDSB; and «; thus derive from the recombi-
ages abovex>0.8. We have summarized these results omative desorption of hydrogen from pure Si-Si and Ge-Ge
Fig. 7 where the intensities @f; anda,, relative tog,, are  dimers. With a similar scheme and in the framework of the
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mixed Ge-Si dimers model, desorption featurg is inter-
preted as the result diydrogen recombinative desorption
from mixed Ge-Si dimer<Lorrelatively, considering a ran-
dom distribution of Ge atoms embedded in a two-
dimensional Si matrix, the quantity of H desorbing from the
Ge atoms belonging to mixed Ge-Si dimers, is predicted to
depend on the Ge contentsas x(1—x) represented as a
dashed curve on Fig. fenormalized to ), the second H is
provided by the Si. Th&? law for the H population on pure
Ge-Ge dimer pairs is shown as a full curve. There is a quali-
tative agreement between the HREELS d&ig. 7) and this
simple statistical model. Still, the measurements deviate
from the predictions, particularly at high coverage. On one
hand, it may indicate that with more Ge added at the surface,
preferential Ge-Ge pairs are formed to the detriment of
mixed Ge-Si dimers. The formation of a top layer of buckled
Ge layer is then favored, both in agreement with the obser-
vations of Pattheyet al® and theoretical calculatiors.On
the other hand, the relative intensity in HREELS may not be 0 100 200 300 400
directly proportional to the Ge coverage. In particular, H Temperature (°C)
modifies the morphology of the Ge films already at room
temperaturé? because the Si-H formation is thermodynami-  FIG. 8. Isochronal annealing desorption curves recorded on the
cally favored against free Ge dangling bonds, inducing par840 cm * of Ge-H, (closed circlesand 900 cm* of Si-H, (open
tial Si segregation at the surfat®?® circles scissors modes. The Ge surface conterdase indicated on
Considering the recombinative desorption mechanisnthe I_eft _of eagh desorption curve, as they are deduced from the
from mixed dimers, one would expect a two-step decreasElative intensity of the stretchings.

for the Si-H stretching intensity, never detected during thesgqng 3 |arge difference is observed in the scissors to stretch-
experiments. We see two reasons that actually would hmdqhg modes intensity ratio, when comparing the fully Ge-

this observation. First, the hydrogen desorption temperatures,yered surfacgFig. 1(d)] to the S{001) one[Fig. 1(&)]. On
from Si-Si and Ge-Si are very close, and secondly, the Si-Rhne hang, it seems that dihydride formation is more difficult

bonds formed on _the Ge-Si dimers always_repr_esent a small, Ge001) than on Si001) surface. But this result could
percentagéa maximum of~20%) of the entire Si-H popu- 5 reflect a smaller dipole activity for the Ge-Bcissors

lation. vibrations. However, because a correlation exists between

As additional arguments to establish mixed Ge-Si dimerghe geyelopment of the scissors mode and the disappearance
as a specific hydrogen adsorption site, we note that in recenf he 2% 1 LEED patterr?® we assume that its intensity

infrared reflection spectroscopy experimefitswo distinct actually reflects the amount of dihydride units at the surface.
vibrational features were assigned to the stretching of Si-H ) <o Fig. 1), despite the low Ge contents, the Ge-H

and Ge-H isolated modes localized in the mixed d'mersscissors mode intensity is about three times the intensity of

. g . .
Also, Kim etal” have interpreted theiD, temperature- o Ge.H stretching vibration and, as shown on Fig),lit
programmed desorption spectra by fitting with four secondyqaes not develop further by increasing the Ge contents.

order_peaks, one cprrespondingjg desorpti(?n_ from_mixed Hence, we can readily conclude that Ge-férmation is
Ge-Si monodeuteride dimefseferenced ag; in their pa-  gongly enhanced due to the presence of neighboring silicon
pen. atoms. We propose the following interpretation. Dihydride
formation results from surface energy gained over breaking
dimer bonds. We assume that more energy is gained by
forming dihydrides on a surface terminated with Si rather
The variation of the scissors mode intensity with temperathan Ge. At low Ge coverage, we have seen in the previous
ture has already been presented on Fig. 2 for the RBection that the statistical distribution ensures that the Ge are
hydrogen-exposed @01 surface. It was shown that instead likely surrounded by silicon, far enough from other Ge at-
of observing a sharp temperature transition, dihydride deems, and thus mainly involved in Ge-Si mixed dimers. Con-
composition occurs rather continuously, over a wide temsidering the fact that the monohydride desorption tempera-
perature range. The desorption process only acceleratésre from mixed dimer lies in between the monohydride
around 350 °C. Also on Fig. 1, the 845 thGe-H, scissors  desorption temperatures from Si-Si and Ge-Ge dimers, it is
mode was observed, for all Ge contents. The existence akasonable to assume that the energy gained in breaking
dihydrides on germanium surfaces was for some time a suliGe-Si bond also lies between the pure Si-Si and Ge-Ge
ject of controversy®~*! Anyway, the presence of Ge,kvas  dimers. Hence, a mixed dimer is more easily broken than a
reported by all the authors studying H-adsorption o(0B&) Ge-Ge dimer, which explains the increased contribution of
(Ref. 23 or SiG&00)) (Refs. 12—15surfaces with HREELS  the 845 cm*® loss to the dipole spectf&igs. Ab) and Xc)]
demonstrating its highest sensitivity to dihydride species asn alloyed surfaces.
compared to other hydrogen-sensitive techniques. Still, al- The scissors modes intensities and temperature depen-
though the same hydrogen dose was used in all the prepardence as a function of surface Ge contents are presented on

Normalized Scissors Mode Intensities

C. Dihydrides decomposition
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Fig. 8, normalized to their intensities measured after RT hy+feconsideration of the assignment of desorption features in
drogen exposure. From these data, it is remarkable thalDS. First, Ge-H was not always taken into accotift—or
Ge-H, and Si-H, simultaneously decompose, for @ecov-  with a distinct desorption temperature from Sj-fRef. 6—
erages This observation strongly contrasts with the distinctand secondly Si-Hwas always considered as decomposing
desorption temperatures measured for monohydiigies 6)  at higher temperature than Ge-H, which is true only when
relevant to H departure from each dimer species. In fact, thenydrogen desorption temperatures from surfaces made with
present result demonstrates that Si and Ge are involved in§re elements are compared. Finally, it is interesting to note
common and undiscernibleidesorption process. Moreover, that the presence of an even small quantity of Ge on the
because the fdesorption temperatures are found to be drassijjicon surface will considerably decrease the desorption
tically lowered with an increasing of the Ge contents, fromtemperatures for dihydrides. The latter species strongly
what we deduced that desorption is initiated by the Ge athinder gas reaction at low temperature in CVD and the
oms. Considering either the recombinative or the selfstrong decrease in the,ipopulation brought by the presence
associated desorption proce$sder Ge-H, decomposition, of Ge provides a simple explanation for the growth rate en-

we propose that the appearance of reactive free danglingancement often reported with SiGe growth.
bonds concomitantly implies dimer reconstruction, i.e.,

bonding of Ge with a neighboring atom independently of its
Si or Ge chemical nature. Finally, it is noted that dihydrides
always desorb before monohydrides, whatever the Ge cover-
age. This desorption mechanism is consistent and mirror to By monitoring the hydrogen vibrations with HREELS, we
the adsorption process. Indeed, starting from the hydrogdiave determined the population of adsorption sites on Ge-
nated Ge-covered ®01) surface, with increasing tempera- covered Si001) surfaces as a function of Ge coverage and
ture, dihydride desorption takes place, together with théemperature. A new desorption feature specific to the alloy is
2x 1 surface reconstruction, and then monohydride decomelearly identified and associated to mixed dimer adsorption
position follows, first from Ge-Ge, than Ge-Si and finally sites. It is proposed that because the energy gained in break-
Si-Si dimers. Reciprocally, during an adsorption experimentjng a Ge-Si bond is greater than the one gained in breaking a
by increasing coverage, H adsorbs first on Si-Si then Ge-G&e-Ge bond, the presence of Si facilitates the formation of
dimers dangling bonds, and dihydrides happens througlse-H, species. Reciprocally, simultaneous Sid¢€composi-
breaking of dimer bonds and disappearance of the relateiion is favored because dimerization indifferently occurs
2X 1 surface reconstruction. The present result suggestswith a Si or Ge neighboring during Ge,Hlecomposition.

IV. CONCLUSION
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