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We have investigated the effect of native oxide on the epitaxial SiGe from deposited amorphous Ge
on Si. Instead of epitaxial growth by molecular beam epitaxy or ultrahigh-vacuum chemical vapor
deposition, the SiGe layer is formed by this simple process followed by an annealing step. As
observed by transmission electron microscopy, the suppression of native oxide plays an important
role to achieve epitaxial SiGe. The SiGe quality degrades with increasing native oxide thickness and
becomes polycrystalline with-a20 A interfacial native oxide. On the other hand, single crystalline
SiGe can be routinely formed from a HF-vapor treated Si surface19@9 American Institute of
Physics[S0003-695099)04504-0

SiGe alloys have been found to be a very attractive ma-  Four-inch,p-type (100 Si wafers were used in this work
terial to fabricate high-speed devices and optoelectronigvith a resistivity of 10Q2 cm. Before loading into a standard
devices' 3 Besides applications in heterojunction bipolar electron beam evaporator to deposit Ge, with a background
transistorgHBTS), modulation doped field effect transistors pressure of X 10~ ° Torr, the Si substrates were treated with
(MODFETS9, and thin film transistoréTFTs), SiGe material different process steps to study the effect of native oxide. Si
can also be used to improve the complementary metal-oxidevafers, which were RCA cleaned, dipped in a buffered HF
semiconductofCMOS) device performancéto suppress the solution, rinsed in deionized water, spun dry in nitrogen, and
floating-body effect in Si-on-insulatofSOl) metal-oxide- followed by immediately loading into the evaporator, are
semiconductor FETMOSFETS,” or as an etch stop layer in identified as control samples. The measured native oxide
bond and etch-back SQBESO)) process. In general, the thickness is 5-7 A. Another set of wafers is the same as
SiGe/Si heterojunction can be grown by molecular beam epeontrol samples but with additional HF-vapor treatment just
itaxy (MBE)? or ultrahigh vacuum chemical vapor deposition before loading into the evaporator. The HF-vapor is gener-
(UHVCVD).? These techniques provide high-quality hetero-ated from the equilibrium vapor pressure of HF and water
structures, but require extremely rigorous control of manymixture (HF:H,O=1:1) in aplastic beaker. To study the
process parameters. However, epitaxial SiGe can be alsdickness dependence of native oxide on SiGe quality, we
formed by Ge ion implantation followed by an annealing have chemically grown a thick Shiraki oxide. This set of
step! or wet oxidation of deposited amorphousG& _x  wafers is identical to control samples but with the submer-
layer® In this work, we present a different approach to form gence in a boiling HCI:KO, :H,0=3:1:1 solution for 5 min
single crystalline SiGe from deposited amorphous Ge on Sio grow a~20A Shiraki oxide before Ge deposition. The
followed by an annealing step. This method is very simpleabove method was successfully used to form Go8iSi and
and compatible to the existing very large scale integrateqyas referred as oxide mediate epitd YME).*2 Ge thin film
(VLSI) technology. We have found that the key factor to\as then evaporated to a thickness of 250 A with a deposi-
form the desired epitaxial SiGe, instead of the polycrystallingjon rate of 1 A/s at room temperature. Then the samples
one, is the suppression of native oxide. We have used HFRgyere annealed at 900 °C by rapid thermal annealRA)
vapor passivation to suppress the native oxide formation begyr 60 s to form a SiGe layer. We have used x-ray diffrac-
fore depositing the Ge layer. Similar process technique haﬁon, electron diffraction, and TEM to examine the SiGe
been applied to low-temperature Si epitdand thermal ox- layer quality.
ide growth with an atomically smooth interfat®:" As ob- Figure 1 presents the x-ray diffraction spectra of SiGe
served by both x-ray diffraction and transmission electronayers with different surface treatments before Ge deposition.
microscopy (TEM), increasing native oxide thickness de- The siGe layer with HF-vapor pretreatment shows strong
grades the SiGe crystalline quality and single crystallineang sharp diffracted peak that indicates a single crystalline
SiGe can be routinely formed with a HF-vapor treated suryghayior with a calculated Ge composition of 70% in SiGe

face. alloys. The SiGe layer without HF-vapor pretreatment shows
a weaker and broader diffracted peak that indicates the crys-
3Electronic mail: achin@cc.nctu.edu.tw tal structure is highly defective. This may be due to the pres-
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FIG. 1. X-ray diffraction spectra of SiGe layers with different surface treat-
ments before Ge deposition.

ence of 5~7 A native oxide. The effect of native oxide on
SiGe structure quality can be further understood from the
thick chemically grown Shiraki oxide. The signal of SiGe
layer with this Shiraki oxide shows a very weak signal that s
indicates either a polycrystalline structure or no SiGe forma: : . ¢
tion. The Ge and Si interdiffusion may be blocked by this °
thick oxide. Therefore we have further increased the interdif: - " -
fusion by increasing the annealing temperature to 1000°C : . A
but still very weak x-ray diffraction signal is measured. & ¢ w "
These results suggest that a random polycrystalline or amo . ;
phous structure may be responsible to the extremely wea i o
x-ray diffraction signal. ® -

We have further investigated the crystalline structure by . .
using electron diffraction pattern. Figures&aRand 2b) are » ‘ ‘
the electron diffraction pattern of SiGe layers formed with s "\
the presence of Shiraki oxide and HF-vapor pretreatmen ’
respectively. The ring pattern in Fig(& verifies that the
extremely weak x-ray diffraction in Fig. 1 appears to be Si
polycrystalline SiGe. Therefore, the existence of Shiraki ox-
ide will strongly degrade the SiGe crystalline quality. In
strong contrast, single crystalline electron diffraction patterr. ®)
IS_ Obtamed_ from the highly oriented d_|ffra_tct|0n pattem_ N 16, 2. Electron diffraction pattern of SiGe layers form&j with the
Fig. 2(b) with HF-vapor treatment. This single crystalline presence of Shiraki oxide and taken along {881 zone axis(b) with
behavior is consistent with the sharp and strong x-ray difHF-vapor pretreatment and taken alofdg 1) zone axis.
fraction in Fig. 1.

We have also examined the SiGe layer by cross-
sectional TEM. Figures (8 and 3b) present the cross- force microscopyAFM) measurement. The HF-vapor treat-
sectional images of SiGe with or without the HF-vapor pre-ment can improve surface root mean squames) roughness
treatment, respectively. The TEM images show that almostrom standard 3.0 A to only 1.5 A. Owing to a cleaner sur-
all the deposited Ge materials are transformed into SiGe. Thiace, Ge atoms can directly contact the underlying Si lattice
SiGe layer formed without HF-vapor treatment is highly de-and form epitaxial SiGe.
fective, and twins, facet, and dislocations are observed in the We have measured the secondary ion mass spectroscopy
SiGe layer. On the contrary, these defects are much reducé8IMS) profiles to further understand the formation of SiGe.
in the HF-vapor pretreated sample. This result is consisterfigures 4a) and 4b) present the SIMS profiles of samples
with the single crystalline behavior observed in electron dif-with Shiraki oxide and HF-vapor treatment, respectively.
fraction and x-ray diffraction spectra. Therefore, the HF-The sample with Shiraki oxide shows a typical Ge diffusion
vapor treatment is of paramount importance to form highprofile. Therefore diffusion alone cannot form single crystal-
quality epitaxial SiGe layer. It is believed that the surfaceline SiGe. In sharp contrast, a uniform SiGe layer is formed
with additional HF-vapor treatment has better H or F termi-on HF-vapor treated sample that may explain the very sharp
nation and is more resistant to native oxide growth than thaSiGe peak in x-ray diffraction spectra. Beyond this region, Si
dipped in HF solution. As native oxide grows thicker, theand Ge interdiffusion is observed, while this interdiffusion
surface roughness increases, which is confirmed by atomimay be enhanced by defect density, strain, and the high Ge
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FIG. 4. SIMS depth profiles for sample) with Shiraki oxide mediateb)
with HF vapor pretreatment.
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FIG. 3. Cross-sectional TEM images of SiG® with (b) without the HF-
vapor pretreatment.
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