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Hydrogen desorption in SiGe films: A diffusion limited process

J. Vizoso,® F. Martin, J. Sufié, and M. Nafria _
Departament d’Enginyeria Electnica, Universitat Autaoma de Barcelona,
08193-Bellaterra, Barcelona, Spain

(Received 2 August 1996; accepted for publication 14 April 2997

A model to explain the hydrogen desorption kinetics in SiGe alloys is presented. This is an
extension of a previous desorption model of hydrogen from Si, that considers the presence of three
dimer types in the surface in which hydrogen atoms tend to pair before the desorption reaction.
Surface diffusion is included in the model. The comparison with experimental results shows that
desorption is a diffusion limited process. 997 American Institute of Physics.
[S0003-695(197)02724-1

From the recent progress of different techniques for theported by Bolan®® by arguing that there exists a
growth of very thin semiconductor films, much effort has thermodynamic preference for the hydrogen atoms to pair as
been dedicated to the epitaxy of, SiGe, alloys on silicon a direct consequence of the existence af Aond between
due to the possibility of tailoring the band gap. This hasthe atoms in unoccupied dimer§3) The distribution of
opened the door to the fabrication of new heterostructurglouble occupied dimers depends on two processes: desorp-
based devices within the framework of the existing Si pro-tion and diffusion in the surface. It is assumed that desorp-
cess technology, with applications in the field of high speedion occurs at a different rate from each type of dimer, so that
electronics and optoelectronits: Among these techniques, three desorption constant&§;, Kge, andKggy are con-
those based on temperature limited reaction prodeRB) or ~ sidered. The temperature dependence of these constants is of
rapid thermal chemical vapor depositidRTCVD) have the Arrhenius typgK;=v; exp(~E,/KT)], »; being a fre-
been found to provide very thin heteroepitaxial layers withquency factor ande,; the thermal activation energy associ-
sharp transition regiorfs> However, in order to have good ated to each process, with is given By, 4+ Exon—E;
control over layer thickness, a knowledge of the growth ki-—En-n; Er is the 7 bond energy, and the other terms the
netics is necessary. In this regard, several works have dedfergies corresponding to the indicated bonds, where X1 and
with the effects of the growth conditions and composition onX2 refer to silicon or germanium atoms, depending on the
the kinetics of the Si,Ge, epitaxy®=® concluding that at dimer from which desorptiqn occurs. .Desorptiqn tgnds to
low temperatures the growth rate of epitaxial layers is condestroy the thermodynamic equilibrium distribution  of
trolled by the presence of hydrogen atoms in the surfacedimers, which is reestablished by means of diffusion on the
which results from the decomposition of the molecules of theSurface. If diffusion is considered to be a very fast process as
precursor gase@isually SiH, and GeH) during the deposi- cpmpared to desorption, the occupancy stgte_of t_he dlm_ers is
tion process, and whose desorption is not immediate. In adliven by a thermodynamic equilibrium distribution which
dition, the growth rate at low temperatures is considerabhfi€Pends only on temperature and hydrogen coveragenis
higher than in pure Si, which is attributed to a catalytic effect@St diffusion assumption is considered by D'Evelyn, Yang,

on the desorption of hydrogen produced by the presence G Sutctf’ in modeling the desorption of hydrogen from
Gel From these comments, it follows that the understandPure Si- However, in order to be valid even at low tempera-

ing of the epitaxial growth of $i ,Ge, films begins by the ture, diffusion will be included in our model. Besides, since

study of the desorption kinetics of hydrogen from the semi-;E.Te Q}{&{?&e” Qesorptlon t.kme?gs tarf fasterdll;?r 'S|G_e
conductor surface. iims, e prior assumption of instantaneous diffusion is

In this letter a model for hydrogen desorption in doubtful. . : .

. ) : , According to the previous assumptions, we postulate that

Si;_,Ge, (100 is proposed. It is based on the following . o
. ) . ; the desorption rate of hydrogen is given by

assumptions(l) in the surface, atoms pair up forming three
types of dimers: Si—Si, Ge—-Ge, and Si—Ge. This is sup-
ported by the fact that in pure Si and Ge, dimerization inthe —~— _ Ksﬂgi_ K getSe— KSiGeegiGev (1)
surface occurs!~** The dimers can be found in three pos-
sible states of hydrogen occupancy: cle@tinoccupied

Si Ge SiGe H
dimers”), characterized by ar interaction between the at- Where 6z, 6=, and 6, are the hydrogen coverage in

oms forming the dimer, singly occupie@vhere hydrogen doubly occupied dimers of Si., Ge, and SiGe, refspect.ively.
adsorption breaks the double bond resulting in a Si—-H of2" the other hand, the evolution of doubly occupied dimers
Ge—H bond and an unpaired dangling bpnand double- [OF €ach species is governed by

occupied.(2) Hydrogen desorption occurs by pre-pairing of Si

two hydrogen atoms in a single dimer. This has been sug- =72 _ — Ky 65— 65 )—K oS 2
gested by several authdts®to explain the first-order kinet- dt dft 72 Vzest TSIT2
ics of hydrogen desorption in pure Si, and has been sup-
dese
_c ( pSGe_ pGe _ Ge
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des5ce _ _ _ 0.6 : : :
T Kaif( 05'°~ 0552 — Ksicel3 %, (4)

Our model
05 « Biexponential law(Sharp) .

where the first term on the right-hand side is related to dif-
fusion and tends to reestablish the thermodynamic equilib @ 0.4
rium distribution at a rate given bi ¢, whereas the second
term corresponds to desorptiofl,.is the equilibrium dis-
tribution of doubly occupied dimers and can be inferred from s

an extension of the lattice gas model of D’Evelyn, Yang, anc ® 0.2
Sutcu®® Let N=Ng+ Nge+ Nsige be the total number of
dimers in the surface, where each individual contribution isT 0.1
assumed to be statistically determined from the percentage

Cover
o
[N

ydr

Ge in the alloy. For Si and Ge dimers, there are three pos 0.0 Lt . - >
sible states of occupancy. However, for SiGe dimers, fou 0.0 0.5 1.0 1.5 2.0
states arise, provided that there are two distinguishabl Time (s)

singly occupied states. ! is the number of dimers of type
. . j .
j and occupancyi, and Ei the corresponding energy, FIG. 1. Desorption kinetics for hydrogen in SiGe. The dots correspond to

the partition functiorZ is given by the biexponential law proposed by Sharp and EiRsf. 13 to fit their
| | experimental results. These data have been used to get the parameters of the
. Ng; Nge model proposed in the work.

Sij 2 Sl 2SI G G G
ng!ny 3" ng®n74ny®

the parameters of the model are reduced to two. We have

|
= _NS‘GS‘?G — z(nf'+nf63 fitted this parameter to describe the desorption experiments
o~ 1nS%an=an3q performed by Sharp and Er&SA random distribution of
dimer states has been chosen to startup the simulation of the
xexp{ -8 > nfEIJ) (5)  desorption process, being the initial coveratye0.6. They
=12 found that hydrogen coverage exhibits a binary decay with a

where it has been assumed that the energy reference level®St component in the initial stages which prevails only dur-

given by the clean dimers, ang=1/KT. In the notation of N9 ~30 ms. This behavior suggests that diffusion is not able
Eq. (5), the underline in si,ngly occupied SiGe dimers indi- to reestablish thermodynamic equilibrium instantaneously. If
cate the atom at which hydrogen is bounded. If we suppostis was the case, two different stages would not be ob-

that 2V hydrogen atoms are chemisorbed on the surface, the€rved, as has been verified by computer simulation of the
following constraints apply to Eq5): desorption process under a wide range of diffusion constants.

S oo _sG S e, SGe. Sice The best fit (Fig. 1) provides Ky =6 s! and »v=8
2M =2(n3'+ N+ N9+ n7'+ N2+ 1=, (6) %10 s, from which the desorption constants from Si,
SiGe, and Ge dimers are 3, 147, and 718, sespectively.

_ nSi Si Si
Nsi=ng +ny+n3, (") This confirms our assumption that hydrogen desorption is a
N~ = nCe+ nGet nSe ®) diffusion limited process because the diffusion rate is much
Ge— ''0 1 2 . . .
_ _ _ smaller than the desorption rates from SiGe and Ge dimers.
Nsige= g C o+ NS+ n3Ce+ n3iee, (9)

By maximizing Z, subject to these constraints, the thermo-
dynamic equilibrium distribution of doubly occupied dimers
as a function of hydrogen coverage and temperature can t
numerically evaluated. In the model, the energies associate
with each dimer state are given by,—Ex, and E,

— 2Ey_4 for singly and doubly occupied dimers of Si and Ge
(X represents a Si or Ge atgyand byE,—Eyx.y andE,
—Egi.y—Ege.n for the singly and double occupied SiGe
dimers. E_., which is assumed to be independent of the
dimer typet! has been obtained from the work of D’Evelyn,
Yang, and Sutct? and the bond energie€§;.; and Ege.p)
from the values of the activation energies for desorption ir
pure St and Ge'! In such a way, the energies of the dimer
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states have been evaluated. 0.0 0.2 0.4 0.6 0.8 1.0
The parameters of the presented model are the hydroge Time (s)

diffusion constant and the frequency factors. Even thougl

the frequency factor must be dEpendent on the dimer typeF'lG. 2. Evolution of hydrogen coverage in double occupied dimers. For

the close proximity of r_eported values for pure Si and Gecomparison, the thermodynamic equilibrium distribution is also represented.
leads us to consider a single frequency factor. In such a wayhe decay of double occupied Ge dimers is not visible in the time scale.

0.00
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On the other hand, the fact that desorption is a two-step The authors thank Dr. J. Camacho for helpful discus-
process is related, according to our model, to the lkdgla  sions.
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