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The use of plasma hydrogenation for relaxed SiGe layer transfer is demonstrated. It is found that the
interface of a strain-relaxed SiGe/Si heterostructure is effective in trapping H during plasma
hydrogenation. Long microcracks observed at the interface due to the trapping of indiffused H
indicate the distinct possibility of transferring the overlayer using the ion-cutting technique. Our
results suggest that interfacial defects induced by the He implantation relaxation process trap the
indiffusing H atoms and lead to interfacial cracks during hydrogenation or upon postannealing at
higher temperatures. It is further noted that trapping of H at the interface is possible only in
strain-relaxed structures. Without strain relaxation, H atoms introduced by plasma hydrogenation
get trapped just below the sample surface and form a band of shallow platelets. Without the need for
high-dose high-energy ion implantation, our results suggest an effective way for high-quality
strain-relaxed SiGe layer transfer. The technique has potential for application in the fabrication of
SiGe-on-insulator strained Si epitaxial layer and related structure®)@@ American Institute of
Physics [DOI: 10.1063/1.1824171

SiGe-on-insulatofSGOI) combines the advantages of layer is likely to be useless. The purpose of this work is to
SiGe and silicon-on-insulator technologies, such as the ranvestigate an alternative approach that replaces the hydro-
duction of parasitic capacitances, improvement of isolationgen ion implantation step with plasma hydrogenation in or-
and mitigation of short channel effectsn addition, relaxed der to avoid the shortcomings caused by hydrogen implanta-
SGOl is a versatile substrate for the fabrication of strained Siion. The effects of the He-induced strain relaxation process
layers, 1=V optoelectronic devices, and so on. SGOI struc-on the H-trapping mechanism are also examined.
tures have been fabricated by separation by implantation of SiGe/Si heterostructures consisting of a 210 nm thick
oxyged as well as by Ge condensation during SiGeSi,;dGe,; epitaxial layer on100) p-Si substrate with a re-
oxidation® Some groups have attempted to fabricate SGOsistivity of 1-10Q cm were fabricated by chemical vapor
using the ion-cutting technology based on high-dose hydroeeposition(CVD). A portion of the as-grown sample was
gen ion implantation into relaxed SiGe/Si substrates folimplanted with 1.5< 10'® cm™2 He" at 45 kV, and then an-
lowed by wafer bonding> However, the crystalline quality nealed at 850 °C for 10 min in argon to relax the as-grown
of the transferred SiGe layer is usually not satisfactory angtrained SiGe/Si heterostructure. Hydrogenation was con-
several processing-related issues have not been sdfvedducted in a plasma ion immersion implantation equipment
Hydrogen ion implantation produces a layer with a broadwith a radio-frequency plasma source, which offers higher
distribution of damage that will extend to the surface in theefficiency than a conventional beamline ion implanter and
case of thin layer transfer. For low ion energies, the damagplasma uniformity better than 2% across the wéfeThe
can be so significant in the surface region that the transferresample holder was subjected to a negative bias of several

hundred volts and heated to 320—-380 °C during hydrogena-
JAuthor to whom correspondence should be addressed; electronic maifion for 1.5 h. It should be pointed out that a much shorter
paul.chu@cityu.edu.hk hydrogenation time at the same temperature followed by a
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FIG. 2. XTEM images of Si,d5&, 1/ Si heterostructure with a SiGe thick-
ness of 210 nm(a) CVD as grown;(b) then after plasma hydrogenation at
320-380 °C for 1.5 h.

must be coupled with He ion implantation and relaxation in
order for hydrogen to be trapped deeper within the hetero-
FIG. 1. 3.0MeV Hé ERD spectra acquired from hydrogenated strycture.
Si /Si heterostructures:(a) CVD as grown; (b) after 1.5 ; ; ; ;
x(]iglﬁgfzr%, 45 kV He implanta(lti)on and postagnnealin;)at 850 °C for . Flgl'.lre 2 dlsplay_s the XTI.EM |mag¢s Obtame.d from the
10 min in Ar. The calculated H depth distribution from samphy is SiGe/Si structure WlthPUt He implantation befgkdg. 2(a)]
overlaid. and after hydrogenatiofiFig. 2(b)]. In the hydrogenated
sample, there are no notable changes in the deeper region.
However, shallow multifaceted platelets are observed in the
postanneal could also produce surface blistering. An opticahear-surface region. As shown in Figag after He implan-
microscope with Nomarski lenses was used to check for sutation and subsequent annealing, a band of extended defects
face bubble formation at three different sample areas aftedire visible at approximately 200 nm below the SiGe/Si in-
hydrogenation. Elastic recoil detectiqieRD) and cross- terface. After hydrogenatiofisee Fig. 8)], long microc-
sectional transmission electron microscoYTEM) were  racks are visible at the SiGe/Si interface running parallel to
also used to characterize the structure of the samples. the wafer surface. At the same time, there are no indications
Surface blistering study provides a convenient way toof extended microcracks in the SiGe overlayer or in the ex-
obtain insight into the mechanism of hydrogen-induced layetended defect region below the interface. The XTEM images
cleavage. After our hydrogenation experiments, both sampleshow threading dislocation densities 0k20” cm™ or less
with and without He-induced relaxation show surfaceup to the surface of the wafer from the SiGe interface.
bubbles. The sample without He implantation has a bubble Compared to SGOI fabrication based on the conven-
density of 1.3x 10" cm? and the average bubble size is tional ion-cutting process, hydrogen ion implantation is re-
0.6 um, whereas the He-implanted sample has a bubble demplaced with plasma hydrogenation in our present work. It is
sity of 1.6x 10’ cmi? and the average bubble size is u61.  well known that hydrogen ion implantation introduces
Our results thus indicate that the samples with He implantahydrogen-related defects, including the formation of hydro-
tion exhibit a higher degree of surface blistering than thegen platelets, which evolve into hydrogen microbubbles with
ones without He implantation. high internal pressure. Coalescence of these microbubbles
The ERD spectra in Fig. 1 indicate different H distribu- during annealing will lead to layer splitting. Therefore, con-
tions in the hydrogenated samples with and without He im1rol of the hydrogen implantation energy and dose is quite
plantation. A small near-surface hydrogen peak is observetmportant and affects the quality and efficacy of the final
in both hydrogenated samples. The peak position matchddyer cleavage. In order to replace hydrogen ion implantation
the expected implantation depth for a few hundred volts hyWith hydrogenation, there must be a mechanism to allow
drogen coming into the surface of the wafer during hydrogehydrogen to get trapped at a desired depth to achieve
nation. Little or no notable hydrogen content and accumulati-induced layer splitting. Therefore, H must be made avail-
tion can be detected within the bulk SiGe sample without He
implantation. However, in the He-relaxed and -hydrogenated
sample, H atoms get trapped at a specific depth below th¢
sample surface, resulting in a significant H peak deep in the
substrate. By using appropriate substrate paramgt&fsnm
thick Siy7dGey 1 layer on Si, as determined by Rutherford
backscattering spectromet(iRBS) (not shown)] for simula-
tion of the ERD spectrum, the hydrogen depth profile is de-
termined and shown in the inset in Fig. 1. The hydrogen:
depth distribution, which is Gaussian-type, shows a peak ageu
210 nm, full width at half-maximum of 110 nm, and an in-
tegrated dose of 8 10' cmi 2. These results reveal that due
to the lack of H trapping sites in the as-grown strained

. . . - FIG. 3. XTEM images of Si7d5&, ../ Si heterostructure with a SiGe thick-
SiGe/Si sample, plasma hydrogenation by itself cannot r_eness of 210 nm(a) After 1.5x 10/cn?, 45 kV He' implantation and post-

sult in accumulation of hydrogen at a specific depth deep innealing at 850 °C for 10 min in A¢b) then after plasma hydrogenation at

the substrate beyond the near-surface region. Hydrogenati@20-380 °C for 1.5 h.
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able to diffuse through the SiGe layer and at the same time Hhe SiGe/Si heterostructure can then be subjected to He-
trapping sites must be provided at a well-defined depth buinduced relaxation followed by plasma hydrogenation to in-
nowhere else. The process described here satisfies both careduce H for H-induced layer cleavage at a well-defined
ditions. depth. Finally, a SGOI structure can be obtained using wafer
In our study, the microcracking behavior in the SiGebonding. It should be noted that because of surface damage
layer during hydrogenation is found to strongly depend orcaused by plasma hydrogenation, chemical mechanical pla-
the He-induced relaxation process before plasma hydrogenaarization or some surface lapping may be necessary before
tion. In the as-grown SiGe/Si heterostructure without Hethe hydrogenated SiGe/Si wafer is bonded to a handle wafer.
relaxation, hydrogen platelets form only in the near-surfacerhe advantage of the present approach is a sharp interface
region, within several nanometers of the sample surface ar layer splitting and a very controlled way to choose the
seen in the XTEM image. The lack of H microcracks in depth of splitting. Furthermore, the He implantation only
deeper regions is attributed to the absence of H trappingamages the sample at depths deeper than the cut interface,
sites. The only defective region is created at the end of ranggnd the hydrogenation process will cause little or no residual
of the hydrogenation under a bias of several hundred voltsyamage in the transferred SiGe layer.
Therefore, in the case of the strained sample, H atoms can  |n summary, we have investigated the feasibility of using
only pile up and form H-related defects within several na-pjasma hydrogenation for relaxed SiGe layer transfer. It is
nometers of the sample surface. As a result, plasma hydrggyng that relaxation of the as-grown strained SiGe layer is
genation, on its own, is not sufficient for layer transfer. Onpecessary to enable trapping of H atoms deep in the sub-
the other hand, the hydrogenated SiGe/Si sample subjectegate The He-induced relaxation process not only relaxes
to the He relaxation process exhibits a completely differenthe strain in the SiGe overlayer but also provides trapping
microstructure that is of great relevance to layer transfergjiag for hydrogen atoms at a specific depth, i.e., at the

Helium-implantation-induced relaxation has been shown t5ige/gj interface. Interfacial defects induced by He implan-
be an effective way to release the strain in a SiGe/Si stiUCxion and relaxation trap the indiffusing H atoms and lead to

'cSL{rC(;a with ? Veﬁ'ul_ol_vt;’ thrtlaad|?g dc'jSIOCElt'o? tﬂeng'.g “? the interfacial microcracks. Salient microcracks at the interface,
I5€ overiayet. € relaxation degree ot the SISe 1ayer \ nping parallel to the wafer surface, indicate that the use of

(R) was measured by RBS/channeling: Angylar scan alon%ydrogenation for the fabrication of SGOI is quite promis-
the (100 plane through[100] and [110Q] directions. TheR ing
value for the 1.5 10 cm™? sample is 55%, while the as- '
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