Applied Physics
Letters

Dry thermal oxidation of a graded SiGe layer
Y. S. Lim, J. S. Jeong, J. Y. Lee, H. S. Kim, H. K. Shon et al.

Citation: Appl. Phys. Lett. 79, 3606 (2001); doi: 10.1063/1.1415373
View online: http://dx.doi.org/10.1063/1.1415373

View Table of Contents: http://apl.aip.org/resource/1/APPLAB/79/i22
Published by the American Institute of Physics.

Additional information on Appl. Phys. Lett.

Journal Homepage: http://apl.aip.org/

Journal Information: http://apl.aip.org/about/about_the journal
Top downloads: http://apl.aip.org/features/most_downloaded
Information for Authors: http://apl.aip.org/authors

ADVERTISEMENT

Gooorellow

metals « ceramics « polymers « composites
/ 70,000 products
‘ 2 450 different materials

i1l 1
“wWwwi§oodfellowlisa.com

Downloaded 18 Apr 2013 to 143.248.118.122. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://apl.aip.org/about/rights_and_permissions


http://apl.aip.org/?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/963608503/x01/AIP-PT/Goodfellow_APLCoverPg_041013/Goodfellow.jpg/6c527a6a7131454a5049734141754f37?x
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Y. S. Lim&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=J. S. Jeong&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=J. Y. Lee&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=H. S. Kim&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=H. K. Shon&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://apl.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.1415373?ver=pdfcov
http://apl.aip.org/resource/1/APPLAB/v79/i22?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://apl.aip.org/?ver=pdfcov
http://apl.aip.org/about/about_the_journal?ver=pdfcov
http://apl.aip.org/features/most_downloaded?ver=pdfcov
http://apl.aip.org/authors?ver=pdfcov

APPLIED PHYSICS LETTERS VOLUME 79, NUMBER 22 26 NOVEMBER 2001

Dry thermal oxidation of a graded SiGe layer

Y. S. Lim, J. S. Jeong, and J. Y. Lee
Department of Materials Science and Engineering, Korea Advanced Institute of Science and Technology,
337-1 Gusung-dong, Yusung-ku, Daejeon 305-701, Korea

H. S. Kim
SiGe Device Team, Microelectronics Technology Laboratory, Electronics and Telecommunications
Research Institute, 161 Kajong-dong, Yusung-ku, Daejeon 305-350, Korea

H. K. Shon
Department of Physics, Chungbuk National University, 48 Gaesin-dong, Cheongju Chungbuk
361-763, Korea

H. K. Kim and D. W. Moon
Surface Analysis Group, Korea Research Institute of Standard and Science, 1 Doryong-dong,
Yusung-ku, Daejeon 305-340, Korea

(Received 27 June 2001; accepted for publication 24 August)2001

A method for the dry thermal oxidation of a strained SiGe layer is proposed. By oxidation of a
graded Sj_,Ge_ layer, the effect of Ge pileup was significantly reduced and the undesirable strain
relaxation by defect formation is prohibited. After oxidation, the oxidized SiGe layer was
homogenized by postannealing process, and thereby @/Si@e interface with good structural
properties was obtained. During postannealing, the homogenization was significantly enhanced by
strain-induced diffusion, and it was clearly proved by the uphill diffusion. This result can propose
an alternative oxidation method of strained SiGe/Si heterostructure200@ American Institute of
Physics. [DOI: 10.1063/1.1415373

Due to the compatibility with well-known Si technology, duced and the undesirable strain relaxation by defect forma-
SiGe/Si strained heterostructures have been widely investtion is not visible at all. During postannealing after the oxi-
gated for various applications in the field of electronic anddation, homogenization of the SiGe layer below the oxide
optoelectronic devices? For device applications of SiGe, was significantly enhanced by strain-induced diffusion, and it
growth of a good quality thermal oxide on a strained SiGe iswas clearly proved by the uphill diffusion with low energy
very critical for the fabrication process, such as gate oxidesecondary ion mass spectrosc@fyMS) measurement. This
isolation, and maskingHowever, producing a high quality result can propose an alternative oxidation method of
thermal oxide layer for gate dielectric of field-effect devicesstrained SiGe/Si heterostructures.
has been very difficult and conventional thermal oxidation A graded SiGe/Si layer was deposited at 650 °C on
has been shown to result in undesired strain relaxation an8i(001) wafer by reduced pressure chemical vapor deposition
formation of a Ge pileup layer below oxide layef This Ge  using silane and germane. The Ge composition in the graded
pileup layer causes high interface density, high fixed chargeSiGe layer is nominally linear from the interface to the sur-
and poor breakdown characteristics. face, and the average Ge composition in the layer is about

The dry thermal oxidation behavior of strained SiGe12.4%. In the graded SiGe layer, the Ge composition at the
layer is dependent on oxidation temperature, Ge fraction, an8i; _,Ge, /Si heterointerface is about 18.5%, and that at the
ambien~° When a strained $i,Ge, layer with Ge con-  surface is about 6.5%. After deposition, the graded SiGe lay-
tent (x<0.5) is oxidized at high temperaturd>700 °Q, ers were oxidized at 900 °C under atmospheric pressure with
due to the large difference between the heat of formation o2l/min O, gas flow. To homogenize the Ge distribution in the
SiO, and GeQ, SiO, is more preferentially produced than layer, the oxidized samples were postannealed at 900 °C in
GeO.. As a result, the thermally grown oxide is nearly pure N, ambient. The average composition and remaining strain
SiO,, and Ge is rejected from the oxide and piled up belowof the samples were measured by high-resolution x-ray dif-
the oxide layer. Therefore, conventional thermal oxidationfractometer(Philips, X'pery, and the transmission electron
has been shown to result in undesired strain relaxation anechicroscopy(TEM) observations were performed in a JEM
formation of a Ge pileup layer below oxide layéfTo pre- 2000 EX transmission electron microscope operating at 200
vent the pileup effect and undesirable strain relaxation irkV along a[110] zone axis. Ge profiles in the SiGe/Si het-
thermal oxidation of strained SiGe layer, alternative mechaerostructures were analyzed with low energy SIM@&meca
nisms for the oxidation of strained SiGe layer have beerd) using 650 eV @ ions under the incidence angle of 75°
proposed?~18but thermal oxidation with reduced pileup ef- with an accel—-decel system.
fect has not yet been reported. Figure Xa) shows a cross-sectional TEM micrograph of

In this letter, a study on the dry thermal oxidation of a as-deposited SiGe/Si heterostructures, @)jdand (c) show
graded SiGe layer is proposed. By oxidation of a gradedhe enlarged high-resolution TEM micrographs of gi€iGe
Si;_,Ge, layer, the effect of Ge pileup was significantly re- interface and SiGe/Si interface of an oxidized SiGe/Si het-
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FIG. 1. (8 High-resolution TEM micrograph showing the as-deposited FIG. 3. Low energy SIMS depth profiles of the 15 min oxidized SiGe layers

SiGe/Si heterostructure, and enlarged high-resolution TEM micrographs omlzr:npgséaggffe":g;t'irgﬁ' :ﬁg"\i’fgo"’xﬁvﬁ\;\glga;? ;Zig?astlzovcig ti:(zremaas)i(;
(b) SiO, /Ge pileup layer interface and) remaining SiGe layer/Si substrate ostannealing time ' 9
interface of 15 min oxidized SiGe layer. p 9 ’

erostructure at 900 °C for 15 min, respectively. The thicknessire, it is shown that the average strain in the SiGe layer
of the as-deposited SiGe layer was 45 nm, and there was rincreases with oxidation time. Moreover, the average strain
evidence of the strain relaxation by defect formation. In oxi-in oxidized sample also increases with the postannealing
dized sample, the oxide and pileup layers were clearly detime, while that in the as-deposited sample is almost constant
fined by atomic number contrast, and the thicknesses of thesg slightly decreases with annealing time due to the interdif-
layers were 12.2 nmt§,) and 1.3 nm {;,), respectively. Be-  fusion between Si substrate and graded SiGe layer. By high-
cause the Si consumption rate during oxidation is @45  resolution TEM measurements, it is observed that there is no
the Ge atoms distributed in the region from original freedefect formation in the postannealed samples, as well as the
surface to 5.5 nm of depth will be rejected from the oxideas-oxidized SiGe layer. Therefore, this result indicates that
region and piled up below the SjQayer. In the case of there is no undesirable strain relaxation by defect formation
thermal oxidation of a strained SiGe layer with a uniform Geduring postannealing process, and that the postannealing in-
distribution, the Ge concentration in the pileup region will bequces the homogenization between a highly strained Ge
at least about five times higher than original concentratiorjleup region and graded SiGe layer.
(1+0.48/t,), and it will meet the critical thickness prob- Figure 3 shows the depth profiles of as-oxidized, and
lem, i.e., the defect formation to reduce the strain energy ofostannealed SiGe layers. From the depth profiles, it is
the strain heterostructure. However, in this experiment, th%learly shown that the as-oxidized Ge fraction in the pileup
strain relaxation could not be observed at all, even though i"r‘egion if not severely higher than average Ge fraction in the
an oxidized heterostructure at 900 °Q ® h (t,x=42 NM,  remaining SiGe layer, and that the Ge fraction in the pileup
t,=5.5 nm. Therefore, due to the low Ge concentration nearegion rapidly decreases with the postannealing time. By
surface in the graded SiGe layer, the defect-free oxidatiopostannealing, the Ge atoms in the pileup region diffuse into
was possible, and the undesirable strain relaxation was neghe SsiGe layer very rapidly, and thereby the graded SiGe
ligible. o . _ layer is almost homogenized aft2 h postannealing. There-
After oxidation, the oxidized SiGe layers were postan-fore, the oxidation of a graded SiGe layer with postannealing

nealed at 900 °C in the time range of 30 min—4 h to reducgyrgcess can prevent the pileup effect and the undesirable
the inhomogeneity of Ge distribution in pileup region. Figure girain relaxation by defect formation.

2 shows the(004) peak position of the graded SiGe layer  noreover, it is clearly shown in Fig. 3 that the position
relative to(004) peak position of Si substrate measured by, the maximum Ge concentration in the pileup region

high-resolution x-ray diffractometefHRXRD). In this fig-  (marked by leftward arrowsmoves toward the Si substrate.
Due to the kinetic barrier of the concentration gradient, the

036{ w—=—a——8——————=& observed uphill diffusion cannot occur in a general diffusion
a=t—s 2 . with finite source, such as a dopant diffusidtherefore, it
D -040+ x<'\,,,,v\v can be proposed that there should be an additional driving
5 044 ‘\, force for the uphill diffusion as well as concentration
ﬁ ) Onidation fime gradient?® In other samples with different oxidation time and
3 048] | —=— None postannealing time, the migration of the maximum position
% Iééﬁ of the Ge concentration was consistently observed, and it
0524 gy 1hr ’\ means that this uphill diffusion can reduce the total energy of
——2hr . the system. In this system, there is much difference of strain
-0.56 o p 150 %0 0 energy between the pileup region and the remaining SiGe

layer. Due to the high Ge concentration in the pileup region,
the strain energy is much higher at the pileup region, and
FIG. 2. (004) peak position of the graded SiGe layer relativ@64) peak there_b)_’ the G_e atoms W||_| preferentially diffuse tOW?‘rd t_he
position of Si substrate measured by HRXRD. remaining region of the SiGe layer. Therefore, the diffusion
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be zero, and thereby the maximum position of the concen-
tration profile should not be varigdtateA), as shown in Fig.
4(a). In this experiment, because the energy state in the
pileup region is very high due to the strain energy, as shown
in Fig. 4(b), the number of the Ge atoms having a chance of
overcoming the barrier will be different at both sides, and Ge
atoms will preferentially diffuse toward the region with low
energy state. Therefore, the maximum position of the con-
centration will be changed as std3gas shown Fig. éb), and
this strain-induced diffusion can enhance the homogenization
of the SiGe layef®

In conclusion, a method for oxidation of strained SiGe
layer was proposed. With graded Ge composition in the SiGe
layer, the pileup effect during oxidation process was signifi-
cantly reduced. By postannealing of the oxidized SiGe layer,
a rapid homogenization of the Ge distribution in the layer
was possible, and this result can propose an alternative ther-
mal oxidation process without undesirable strain relaxation
and pileup effect. Moreover, the uphill diffusion was ob-
served during postannealing, and it can confirm the enhance-
ment of diffusion in strained heterostructure, i.e., strain-
induced diffusion.
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