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The effects of plasma on the degradation of the deposition blocking layer during area-selective
atomic layer deposition were investigated. Co atomic layer deposition (ALD) processes were developed by using Co(iPr-AMD)2 (bis(N,N0 -diisopropylacetamidinato)cobalt(II)) as a precursor, and
two different reactants, NH3 gas for thermal ALD (TH-ALD) and NH3 plasma for plasma-enhanced
ALD (PE-ALD). TH- and PE-ALD were applied to area selective ALD (AS-ALD) by using an
octadecyltrichlorosilane (OTS) self-assembled monolayer (SAM) as a blocking layer. Both ALD
processes produced pure Co films with resistivities as low as 50 µΩcm. For PE-ALD, however, no
selective deposition was achieved due to a degradation of the OTS hydrophobicity caused by the
NH3 plasma exposure. The effects of the plasma on the blocking efficiency of SAM were studied.
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3-D structures [9]. For instance, the high conformality of Co is essential for nanoscale contact fabrication
[10]. ALD Co is suitable for this purpose due to its excellent conformality and atomic thickness controllability. Recently, we developed Co plasma-enhanced ALD
(PE-ALD) using CoCp2 (bis-cyclopentadienyl cobalt) as
a metal precursor and NH3 plasma as a reactant for
nanoscale contact applications [7]. From the PE-ALD
process, pure Co films with a very low resistivity of 10
µΩcm were obtained on both H-terminated Si(001) and
OH-terminated SiO2 substrates.
Co AS-ALD can simplify patterning for nanodevice
fabrications without expensive photolithography technology. Until now, however, Co AS-ALD has rarely been
reported. Moreover, PE-ALD has not, to our knowledge,
been applied to selective ALD using SAMs, although the
results on PE-ALD of various materials have been reported [11–13]. Especially, since the ALD requires the
use of a plasma, as our previous report has shown, a
study on area-selective PE-ALD using SAMs would be
insightful.
In this work, we developed Co ALD processes using another Co precursors, Co(iPr-AMD)2 , with NH3 plasma
for PE-ALD and NH3 gas for thermal ALD (TH-ALD).
Both TH- and PE-ALD Co were applied to AS-ALD with
octadecyltrichlorosilane (OTS) as a SAM. In contrast to
the TH-ALD Co, deposition selectivity was not observed

I. INTRODUCTION

Area-selective atomic layer deposition (AS-ALD) using self-assembled monolayers (SAMs) as deposition
blocking layers is one of techniques maximizing the advantages of ALD in nanoscale device and conventional
device applications [1]. SAMs enable a modification of
the surface properties, including hydrophobicity, according to their end groups [1]. Since the film growth by
ALD critically depends on the surface properties, selective deposition can be achieved using a SAM coating as
a deposition blocking layer. Thus, AS-ALD enables the
patterning of deposited layers without additional potentially expensive lithography/etching processes. For example, a Ru gate electrode was fabricated by using ASALD without photolithography and etching processes [2].
In addition, AS-ALD of Pt was reported for the electrode
of a solid oxide fuel cell [3].
Co has been intensively investigated for nanoscale
semiconductor device fabrications such as magnetic
memories [4], nanocrystal memories [5, 6], and contact
materials [7,8]. With device down-scaling, highly conformal Co thin film deposition is required for many applications because the device structure changes into complex,
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for PE-ALD Co. The results of the surface hydrophobicity analysis showed that OTS was rapidly degraded
by exposure to the NH3 plasma, resulting in a loss of
deposition selectivity.

II. EXPERIMENTS
In this study, a commercial ALD system (Quros
Plus 150T M ) with a loadlock chamber was used. This
system has a double shower head for good uniformity with plasma capability. The reactant plasma
was generated between the shower head connected
to the RF generator with a matching network and
the grounded substrate. Further information on the
chamber configuration can be found in our previous report [14]. Co(iPr-AMD)2 (Aldrich) (bis(N,N0 diisopropylacetamidinato)cobalt(II)) was contained in a
stainless-steel bubbler, and the temperature of the bubbler was maintained at 65 ◦ C to obtain a suitable vapor
pressure for the ALD process. During the precursor exposure step, the precursor vapors were carried into the
main chamber by a carrier gas, 50 sccm of Ar. For both
TH- and PE-ALD Co, the NH3 flow was maintained at
400 sccm. For the PE-ALD Co process, the NH3 plasma
was generated during a reactant exposure step, and the
plasma power was 300 W. One ALD cycle was composed
of four steps consisting of precursor exposure (ts ), purging (tp ), reactant exposure (tr ), and purging, where the
flow of Ar purging gas was 50 sccm. The ts and tp were
3 s and 1 s, respectively, and tr was systematically controlled from 1 s to 5 s. Routinely, two kinds of substrates, Si(001) and SiO2 , were used for both PE- and
TH-ALD Co. The Si(001) substrates were cleaned by
dipping in buffered oxide etchant (6 : 1) for 10 s, followed by deionized (DI) water rinsing and N2 blowing,
resulting in H-terminated Si. The SiO2 substrates were
cleaned in acetone, isopropyl alcohol, and DI water, followed by N2 blowing, resulting in OH-terminated SiO2 .
For AS-ALD, OTS coated substrates were prepared.
The Si(001) substrate was cleaned by using a piranha
solution (H2 SO4 : H2 O2 = 4 : 1, by volume ratio), resulting in a chemical oxide-coated Si substrate. Subsequently, the Si substrate was dipped in a diluted OTS
solution (toluene : OTS = 10 ml : 25 µl) for 24 hours in
a glove box for the OTS coating. After the preparation
of OTS-coated substrates, Co ALD was performed at a
growth temperature (Ts ) of 350 ◦ C and tr = 1 s.
Field emission scanning electron microscopy (FESEM) was used for the analyses of the morphology,
and the chemical composition analysis was performed
by using energy dispersive spectroscopy (EDS) and Xray photoelectron spectroscopy (XPS). The resistivity of
Co films was measured by using a 4-point probe. The
surface hydrophobicity was measured by using static contact angle goniometer (DSA-10, Kruss Co.). For this, 4
µl of water droplets were dropped on a horizontal sub-

Fig. 1. The growth rate on a SiO2 substrate versus reactant exposure time of Co PE-ALD () using NH3 plasma
and Co TH-ALD (•) using NH3 gas.

strate with an automatic dispensing system, and their
contact angles were measured from CCD camera images.
The static contact angles at 5 different sites, at least of a
substrate were measured and averaged. In our study, the
OTS-coated substrate showed a contact angle as high as
100◦ , indicating that the surface was highly hydrophobic, while the uncoated substrate (with chemical oxide)
showed a contact angle less than 20◦ , agreeing with previously reported results [15].

III. RESULTS AND DISCUSSION
The Co thin films were deposited by using PE-ALD
with NH3 plasma and TH-ALD with NH3 gas as a reactant. Through both processes, we obtained pure Co
films with film resistivities as low as 50 µΩcm. From the
chemical composition analysis by XPS, we found that
both Co films had very low contents of impurities, such
as N, C, and O. Figure 1 shows the growth rates of PEand TH-ALD Co films on SiO2 with increasing tr from
1 s to 5 s at Ts = 350 ◦ C. Except changes in the reactants, other process conditions, such as Ts , tr , ts , and gas
flows, were same. The growth rates are saturated at tr
> 1 s for both reactants, indicating self-saturation ALD
reactions. The growth rate of PE-ALD Co under saturation conditions is 0.33 Å/cycle, which is slightly higher
than that of TH-ALD Co, 0.26 Å/cycle. It is noteworthy
that comparative study between TH- and PE-ALD for
pure metal using the same precursor and reactant set has
rarely been reported, although some results have been reported for oxides [16] and nitrides [17]. The growth rate
of ALD thin films is determined by specific conditions,
such as the precursor, reactant, and Ts . Therefore, the
increase of growth rate is probably due to a change in
reaction chemistry between the PE- and the TH-ALD
processes. Although the exact reason is not clear, simi-

-106-

Journal of the Korean Physical Society, Vol. 56, No. 1, January 2010

Fig. 3. FE-SEM images of PE-ALD Co films deposited on
(a) uncoated and (b) OTS-coated substrates.
Fig. 2. EDS spectra of TH-ALD Co films deposited on (a)
uncoated and (b) OTS-coated substrates.

larly higher growth rates for PE-ALD than for TH-ALD
were reported in HfO2 [16] and TiN [17] ALD.
In addition, the growth rate of PE-ALD using Co(iPrAMD)2 is significantly smaller than that of PE-ALD using CoCp2 (0.33 Å/cycle vs. 0.72 Å/cycle) under the
same growth parameters. The difference in growth rate
caused by changing Co precursor can be partially explained based on steric hindrance [18]. Since the size
of Co(iPr-AMD)2 is much larger than that of CoCp2 ,
the amount of the adsorbed Co(iPr-AMD)2 precursor is
smaller than that of CoCp2 resulting in small growth
rate [19,20].
First, the TH-ALD Co process was applied to ASALD. We prepared two substrates, OTS-coated and uncoated substrates, and Co TH-ALD process was carried
out simultaneously on the two substrates for 1000 cycles.
Figures 2(a) and 2(b) show the EDS results obtained
from AS-ALD on uncoated and OTS-coated substrates,
respectively. The Co peaks are clearly observed at 0.78
eV and 6.9 eV from the EDS spectrum in Fig. 2(a).
On the contrary, no Co peak is observed from the OTScoated substrate except for the Si substrate peak in Fig.
2(b). In addition, in the SEM images, a Co film with
a 24-nm thickness was observed on the uncoated substrate while no film was observed on OTS-coated substrate (data not shown). These observations indicate
that the OTS effectively blocks the deposition of a Co
film during the Co TH-ALD.

Fig. 4. Contact angles of OTS-coated substrates after NH3
plasma exposure for various exposure times (inset: contact
angle pictures of (a) an OTS-coated SiO2 substrate after NH3
plasma exposure for 50 s and of (b) an uncoated SiO2 substrate).

Next, the PE-ALD Co was applied to AS-ALD by using two substrates, similarly to the case of TH-ALD Co,
for 1000 cycles. Figures 3(a) and 3(b) show the SEM images of PE-ALD Co on uncoated and OTS-coated substrates, respectively. On both substrates, Co films were
deposited with almost the same thickness of 33 nm, and
Co spectra were detected by EDS analysis (data not
shown). Since we could not observe any difference between the substrates, we infer that OTS does not act as
a blocking layer during the PE-ALD Co process.
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The effects of NH3 plasma exposure on OTS was investigated by measuring the contact angles of an OTScoated substrate after NH3 plasma exposure at different
exposure times. Before NH3 plasma exposure, the contact angle of the as-coated substrate was above 100◦ , as
shown in Fig. 4 showing the hydrophobicity of the OTScoated surface. The contact angle rapidly decreases to
62◦ at 1 s of NH3 plasma exposure time, reaching 20◦
after 50 s of exposure time. The images of the water
droplets on the OTS-coated surface exposed to an NH3
plasma for 50 s and on the uncoated SiO2 surface almost look alike, as shown in insets (a) and (b) of Fig.
4, respectively. Thus, we can conclude that the OTScoated surface becomes completely hydrophilic after 50 s
of NH3 plasma exposure under our current experimental
conditions.
Previously, OTS degradation by a NH3 plasma was
reported [21]. In a previous report, the nitrogen radicals were incorporated into ordered OTS with increasing NH3 plasma exposure time, breaking carbon chains.
Within 1 s of NH3 plasma exposure time, 50 % of the
OTS layer was ablated, and the CH3 -terminated surface was changed into a nitrogen-functionalized surface
with C-NH2 bonding [21]. Although the chamber configurations and plasma conditions used in the report were
different with these in our setup, a rapid degradation of
OTS was similarly observed within 1 s. Thus, we can
conclude that PE-ALD using a NH3 plasma cannot be
applied to AS-ALD due to the rapid degradation of OTS
by the NH3 plasma. Although we presented the degradation of the SAM blocking layer for a NH3 plasma, other
plasmas, which are frequently used in PE-ALD processes,
are expected to degrade the selectivity. For example, it
is well known that an O plasma is an effective agent for
cleaning organic materials such as SAMs [21,22]. Additionally, in a previous report, an alkanethiol SAM, which
has a similar molecular structure to that of OTS SAM,
was degraded by a H2 plasma within 60 s [23]. Thus,
with PE-ALD using a H2 plasma selective deposition
with a OTS SAM is expected to be difficult to attain
[12, 13]. Thus, for PE-ALD, our results indicate that
the SAMs may not be proper blocking layers to achieve
area-selective ALD, which requires further study in the
future.
IV. CONCLUSION
In conclusion, Co PE- and TH-ALD using a Co precursor, Co(iPr-AMD)2 , and NH3 gas and plasma as a
reactant were investigated and applied to AS-ALD with
OTS SAM as a blocking layer. From the two ALD processes, pure Co films with resistivities as low as 50 µΩcm
were obtained. No selective deposition was observed
from AS-ALD by using PE-ALD. From a surface hydrophobicity analysis, the NH3 plasma rapidly degraded
the hydrophobicity of OTS, resulting in losing its blocking property against Co deposition. On the contrary, Co
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AS-ALD was successfully achieved by using TH-ALD.
ACKNOWLEDGMENTS
This work was supported by a Korea Science and
Engineering Foundation (KOSEF) grant funded by the
Korea government (MOST) (No. 2007-02864 and No.
R01-2007-000-20143-0) and by a Korea Research Foundation (KRF) grant funded by the Korean Government
(MOEHRD) (KRF-2007-331-D00243).
REFERENCES
[1] H. Kim, H. B. R. Lee and W. J. Maeng, Thin Solid Films
517, 2563 (2009).
[2] K. J. Park, J. M. Doub, T. Gougousi and G. N. Parsons,
Appl. Phys. Lett. 86, 051903 (2005).
[3] X. Jiang, Hong Huang, F. B. Prinz and S. F. Bent, Chem.
Mater. 20, 3897 (2008).
[4] C.-S. Kim, I. W. Jang, K. N. Lee, S. S. Lee, S. H. Park,
G. S. Park, G. D. Ban and Y. J. Park, J. Semicon. Tech.
Sci. 2, 185 (2002).
[5] F.M. Yang, T. C. Chang, P. T. Liu, P. H. Yeh, Y. C. Yu,
J. Y. Lin, S. M. Sze and J. C. Lou, Appl. Phys. Lett. 90,
132102 (2007).
[6] C.-J. Kim, S. W. Ryu, Y. K. Choi, J. J. Chang, S. H. Bae
and B. H. Sohn, Appl. Phys. Lett. 93, 052106 (2008).
[7] H. B. R. Lee and H. Kim, Electrochem. Solid-State Lett.
9, G323 (2006).
[8] H. B. R. Lee, J. Y. Son and H. Kim, Appl. Phys. Lett.
90, 213509 (2007).
[9] B. K. Choi, K. H. Park, K. R. Han, Y. M. Kim and J.
H. Lee, J. Semicon. Tech. Sci. 7, 76 (2007).
[10] J. H. Lee and J. H. Cha, Microelectron. Eng. 71, 321
(2004).
[11] H. Kim, J. Vac. Sci. Technol. B 21, 2231 (2003).
[12] H. Kim, C. Cabral, C. Lavoie and S. M. Rossnagel, J.
Vac. Sci. Technol. B 20, 1321 (2002).
[13] H. Kim and S. M. Rossnagel, J. Vac. Sci. Technol. A 20,
802 (2002).
[14] W. H. Kim, S. J. Park, J. Y. Son and H. Kim, Nanotechnology 19, 045302 (2008).
[15] D. K. Schwartz, Annual Rev. Phys. Chem. 52, 107
(2001).
[16] S. Choi, J. Koo, H. Jeon and Y. J. Kim, J. Korean Phys.
Soc. 44, 35 (2004).
[17] K. E. Elers, J. Winkler, K. Weeks and S. Marcus, J.
Electrochem. Soc. 152, G589 (2005).
[18] M. Ylilammi, Thin Solid Films 279, 124 (1996).
[19] B. S. Lim, A. Rahtu, J. S. Park and R. G. Gordon, Inorg.
Chem. 42, 7951 (2003).
[20] A. Almenningen, E. Gard, A. Haaland and J. Brunvoll,
J. Organomet. Chem. 107, 273 (1976).
[21] M. Tatoulian, O. Bouloussa, F. Moriere, F. ArefiKhonsari, J. Amouroux and F. Rondelez, Langmuir 20,
10481 (2004).
[22] C. Y. Xue and K. L. Yang, Langmuir 23, 5831 (2007).
[23] K. Raiber, A. Terfort, C. Benndorf, N. Krings and H.
Strehblow, Surf. Sci. 595, 56 (2005).

