Alternative surface passivation on germanium for metal-oxide-semiconductor
applications with high- k gate dielectric

Nan Wu, Qingchun Zhang, Chunxiang Zhu, D. S. H. Chan, M. F. Li, N. Balasubramanian, Albert Chin, and Dim-
Lee Kwong

Citation: Applied Physics Letters 85, 4127 (2004); doi: 10.1063/1.1812835

View online: http://dx.doi.org/10.1063/1.1812835

View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/85/18?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in

Effects of fluorine incorporation and forming gas annealing on high- k gated germanium metal-oxide-
semiconductor with Ge O 2 surface passivation

Appl. Phys. Lett. 93, 073504 (2008); 10.1063/1.2966367

Electrical properties of La 2 O 3 and Hf O 2 La 2 O 3 gate dielectrics for germanium metal-oxide-semiconductor
devices
J. Appl. Phys. 103, 014506 (2008); 10.1063/1.2827499

Temperature effects of Si interface passivation layer deposition on high- k 11l-V metal-oxide-semiconductor
characteristics
Appl. Phys. Lett. 91, 132104 (2007); 10.1063/1.2790780

Suppressed growth of unstable low- k Ge O x interlayer in Ge metal-oxide-semiconductor capacitor with high- k
gate dielectric by annealing in water vapor
Appl. Phys. Lett. 90, 163502 (2007); 10.1063/1.2723074

Nitrogen incorporation engineering and electrical properties of high- k gate dielectric ( HfO 2 and Al 2 O 3) films
on Si (100) substrate
J. Vac. Sci. Technol. B 22, 1838 (2004); 10.1116/1.1775203

NEW! Asylum Research MFP-3D Infinity” AFM [~ FroRD I

Unmatched Performance, Versatility and Support

The Business of Science®

Stunning high Simpler than ever

performance ¢ 7 ¢ to GetStarted™

Comprehensive tools f  Widest range of accessories
for nanomechanics for materials science and bioscience



http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1018974610/x01/AIP-PT/Asylum_APLArticleDL_043014/Asylum-Research-MFP3D-Infinity-APL-JAD.jpg/5532386d4f314a53757a6b4144615953?x
http://scitation.aip.org/search?value1=Nan+Wu&option1=author
http://scitation.aip.org/search?value1=Qingchun+Zhang&option1=author
http://scitation.aip.org/search?value1=Chunxiang+Zhu&option1=author
http://scitation.aip.org/search?value1=D.+S.+H.+Chan&option1=author
http://scitation.aip.org/search?value1=M.+F.+Li&option1=author
http://scitation.aip.org/search?value1=N.+Balasubramanian&option1=author
http://scitation.aip.org/search?value1=Albert+Chin&option1=author
http://scitation.aip.org/search?value1=Dim-Lee+Kwong&option1=author
http://scitation.aip.org/search?value1=Dim-Lee+Kwong&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.1812835
http://scitation.aip.org/content/aip/journal/apl/85/18?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/93/7/10.1063/1.2966367?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/93/7/10.1063/1.2966367?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/103/1/10.1063/1.2827499?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/103/1/10.1063/1.2827499?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/91/13/10.1063/1.2790780?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/91/13/10.1063/1.2790780?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/90/16/10.1063/1.2723074?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/90/16/10.1063/1.2723074?ver=pdfcov
http://scitation.aip.org/content/avs/journal/jvstb/22/4/10.1116/1.1775203?ver=pdfcov
http://scitation.aip.org/content/avs/journal/jvstb/22/4/10.1116/1.1775203?ver=pdfcov

HTML AESTRACT * LINKEES

APPLIED PHYSICS LETTERS VOLUME 85, NUMBER 18 1 NOVEMBER 2004

Alternative surface passivation on germanium for
metal-oxide-semiconductor applications with high- k gate dielectric

Nan Wu, Qingchun Zhang, Chunxiang Zhu,? D. S. H. Chan, and M. F. Li
Silicon Nano Device Lab, Department of Electrical and Computer Engineering,
National University of Singapore, 10 Kent Ridge Crescent, Singapore, 119260

N. Balasubramanian
Institute of Microelectronics, 11 Science Park Road, Singapore Science Park Il, Singapore, 117685

Albert Chin
Department of Electronics Engineering, National Chiao Tung University, Hsinchu, Taiwan,
Republic of China

Dim-Lee Kwong
Department of Electrical and Computer Engineering, The University of Texas, Austin, Texas 78752

(Received 8 March 2004; accepted 1 September 2004

An alternative surface passivation process for Highe metal-oxide-semiconduct@OS) device

has been studied. The surface gikhnealing was implemented prior to Hf@eposition. X-ray
photoelectron spectroscopy analysis results show that the SiHace passivation can greatly
prevent the formation of unstable germanium oxide at the surface and suppress the Ge out-diffusion
after the HfQ deposition. The electrical measurement shows that an equivalent oxide thickness of
13.5A and a leakage current of 14@0°A/cm? at 1V gate bias was achieved for
TaN/HfO,/Ge MOS capacitors with the SjHsurface treatment. @004 American Institute of
Physics [DOI: 10.1063/1.1812835

As the scaling of the modern complementary metal-constant-temperaturé400 °C process chamber with base
oxide-semiconductor field effect transist&?dOSFET) con-  pressure of 3 mTorr and annealed in $#N, ambient at
tinues, Si is approaching its fundamental limits. Various ap5 Torr for 60 s. Subsequently, the wafers were transferred to
proaches are being investigated to overcome the limits. Higlinother chamber for the metal-organic chemical vapor depo-
permittivity (highk) materials are being studied to replace sition (MOCVD) of HfO,. The deposition of Hf@ was per-
the conventional silicon dioxide for gate oxide scalfndt  formed at 400 °C using Hf tert-butoxide as the metal organic
the same time, carrier mobility enhancement is another issugrecursor in an b+ 0O, ambient(400 mTor). Load lock was
for performance improvement of the device. Germanium asised for wafer loading, unloading, and transferring between
channel is attractive because of its significant enhancemerite process chambers. Because the load lock is under a base
in bulk carrier mobility relative to silicon. In order to have pressure of~5x 1077 Torr, the SiH, surface passivation on
the both merits of higlikand germanium, several successfulthe Ge substrate can be consideredresitu process prior to
demonstrations of MOS devices by using them together havghe HfO, MOCVD. Post-deposition anneal is performed in a
been reported recently! However, there is an intrinsic rapid thermal processor at 500 °C. A 1500 A TaN film is
problem in the formation of the gate stack on Ge substratethen sputtered and patterned as gate electrode. The final step
germanium oxide is thermally unstable, water solutddled  was annealing in forming ga$,+N,) ambient at 300 °C.
of poor electrical properties. Thus, minimizing the unstableHigh-resolution ex situ x-ray photoelectron spectroscopy
GeQ, at the surface during higk-deposition is a critical (XPS) analysis was performed using a Physical Electronics
issue to form high quality gate stack on Ge substrate. Surfat.“@amum 2000 scanning ESCA microprobe with a monochro-
nitridation using NH annealing prior to higlk-deposition is  matic and standard Al x-ray source. Atomic force micros-
a key step in recent demonstratidné,where nitrogen is  copy (AFM) was used to examine surface morphology. The
introduced into the interface of germanium oxide to passielectrical properties of MOS capacitors were characterized
vate the germanium. However, the nitrogen involvement hagyith an Agilent 4284ALCR meter and a Hewlett-Packard
the potential for mobility degradation. In this letter, we dem-4156A semiconductor parameter analyzer.

onstrate an alternative surface passivation for igiate An effective SiH, surface passivation on germanium
stack formation on Ge usinig situ SiH, annealing prior to  should meet the following criteriail) Si must completely
HfO, deposition. cover the germanium surface and the germanium surface

The starting wafers for the experiment were Sb-dopedshould be free of germanium oxide) The silicon passiva-
n-type wafers with a resistivity of 0.04—0.88 cm. The na-  tjon layer should be thin enough and consumed during the
tive oxide (GeQ,) was removed by dipping the sample in a subsequent higk-deposition so that the MOSFET channel is
diluted HF solution(1:50) for 5 min, followed by rinsing in  still kept in germanium.
de-ionized watet After that, the wafers were transferred to a Figure 1 shows the Gepd XPS spectra of the sample

just after DHF cleaning and the sample after the Stiface
author to whom correspondence should be addressed; electronic maiP@ssivation. The inset is the Sp2XPS spectrum of the
elezhucx@nus.edu.sg sample after the SifHsurface passivation. As can be seen, the
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FIG. 1. The Ge B3 spectra oex-situXPS on the passivation process on Ge
surface by Sikl. The samples before and after passivation were compared.
Inset: The Si P spectra of the samples after SiHassivation.

Ge-0O pea?( observed on the DHF as-cleaned Ge surface
disappeared after the SjHpassivation. Moreover, the Si-
passivated Ge surface is stable even if the sample is exposed
to the air. The existence of silicon is confirmed by the §i 2
spectrum of the same sample, as shown in the inset. This Si
signal includes two types of bondsine is the elemental Si,
and the other is SiQ(which is likely introduced during
sample transportatignBased on the above analysis, the ger-
manium surface is completely covered by elemental Si and
free of germanium oxide after the Sjlgassivation. It is well
known that Ge oxide is very unstable at moderately high
temperature$=400 °Q in vacuum. Therefore, it is possible
that the germanium oxide is removed when the sample is
loaded into the chamber and before gases are supplied to
raise the chamber pressure. Further, the extreme deficiency
of oxygen in the Sil{ chemical vapor deposition chamber
may also enhance the tendency for reduction reaction of the
Ge among the surface germanium oxide.

It is also noticed in Fig. 1 thatl) the intensity of the
Si—O peak(~102.6 eV} is much lower(~65 timeg than
that of the Ge—-Ge peak-1217.4 eV for the sample after
passivation(2) the Ge—Ge peak-1217.4 eV of the sample
after passivation shows a negligible intensity reduction com-
pared to the as-cleaned sample. Both imply that the amount
of the top silicon is so little that the thickness is much less
than the inelastic mean free patMFP) of Ge 203 electrons
traveling in silicon. The small value of the IMRP-8.7 A)*°
indicates the silicon layer could be only a few monolayers.
Such a result can be explained as the deposition of Si onteig. 2. AFM analysis of surface roughness on fresh sar@les-cleaned
cleaned Ge surface is accelerated compared to the depositisample(b), and Si-passivated samp(e).
of Si on Si surface because of the difference in surface

energy?1 Hence, after the Ge surface is fully covered by Si'2(b)] and the Si-passivated samplens=0.166 nm [Fig.
the Si deposition will be much reduced or stopped especiallyé(c)] were observed

at the temperature c_)MOO °C. . Early study shows that germanium out-diffuses into
In order to examine the surface roughness, AFM analysig;ocyp Hfo during the deposition when there is no sur-
was perfo_rmed on the fresh sam_ple, the as-cleaned samplgce treatmenﬁ.Thus, the effect of the SiHsurface passiva-
and the Si-passivated sample. Figure 2 shows the AFM r&jon on the subsequent HiQleposition is studied by angle-
sults with a scanning area ofAmX 1 um. As can be seen, resolved XPS analysis and shown in Fig. 3. The sample after
the surface roughness is greatly reduced after the DHF cleaptO, deposition without Si passivation is included for com-
ing (rms=0.157 nm [Fig. 2b)] compared to the fresh parison. Both samples are characterized at takeoff angles of
sample (rms=0.340 nm [Fig. 2a@)]. Besides, comparable 10° and 90°, respectively. In order to have fair comparison,
surface roughness between the DHF-cleaned samffile  since there is no difference in the binding energy between all
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FIG. 4. Electrical characteristics of the TaN/Hfie MOS capacitor with
FIG. 3. The Ge P3 spectra of angle-resolvesk-situXPS on the sample  SiH, surface passivation.
with and without passivation after HIOMOCVD.

there is no surface treatment prior to I-if@eposition?

the Hf 4f spectrgnot shown, the Hf 4f spectra are normal- In summary, we proposed and demonstrated an alterna-
ized to the same level, and then, all the correspondent Géve surface passivation to fabricate higlGe MOS devices
2p3 signals are scaled, respectively, with the same factors d3y usingin situ SiH, annealingEx situXPS and AFM were

the Hf 4f (shown in Fig. 3. As can be seen, only the sample used to study the passivation process. Silicon fully covers the
with Si passivation at the 90° takeoff angle shows a two-peakermanium surface and is kept within monolayer range at the
spectrum[curve (c)], representing the elemental germaniumsame time. Germanium remains un-oxidized after the Si pas-
and the germanium at oxide stateBhe detection of element sivation and the formation of germanium oxide was greatly
Ge bonds indicates that the Hf@Im on this sample is thin- suppressed during the HJOMOCVD. The electrical results
ner than the sample without Si passivatjenrve(a)]. More-  reveal the potential of the Ge MOS system with Sgtirface
over, the Ge—O peak area of the Si passivated safoptee  passivation for future ultrascaled very large scale integrated
()] is much smaller than that of the sample without passivadevices.

tion [curve(a)]. This means the passivation is very effective
in suppressing formation of germanium oxide. The small
takeoff angle(10°) in the analysis was then used to examine
the dielectric film. Obviously, the amount of Ge in the
sample with Si passivation at 10° takeoff angle is much les§'
than. .that of the samplg Wlthc.’Ut Si passwatpn. Thus, thelInternation Technology Roadmap for Semiconductors, 2003.
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