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GaN thin lms were deposited in a self-limiting fashion at low temperatures. Films were deposited on Si
substrates by plasma-enhanced atomic layer deposition using trimethylgallium (TMG) or triethylgallium (TEG)
as the group-III, and ammonia (NH3 ) as the group-V precursors. TMG and TEG saturations were observed at
185 and 150 ◦C, for doses starting from 0.015 and 1 s, respectively. Constant deposition rates of ≈ 0.51 and
≈ 0.48 Å/cycle were obtained within the temperature ranges of 250350 and 150350 ◦C for TMG- and TEG-based
plasma-enhanced atomic layer deposition processes. Oxygen contents of the lms were high (≈ 20 at.%) as
determined by X-ray photoelectron spectroscopy.
PACS: 81.05.Ea, 81.15.Gh, 82.80.Pv

2. Experimental details

1. Introduction

Atomic layer deposition (ALD) is a special type of
chemical vapor deposition, in which the substrate surface
is exposed to sequential pulses of two or more precursors
separated by purging periods [1, 2]. Unless decomposition of the precursor occurs, each pulse leads to surface
reactions that terminate after the adsorption of a single
monolayer. When compared to other thin lm deposition
methods, ALD stands out with its self-limiting growth
mechanism, which enables the deposition of highly conformal thin lms with subnanometer thickness control.
GaN is a wide band gap semiconductor (3.4 eV),
which has a great potential for various electronic and
optoelectronic device applications [3]. Growth of GaN
thin lms by atomic layer epitaxy (ALE) using triethylgallium (Ga(C2 H5 )3 , T EG) [4], trimethylgallium
(Ga(CH3 )3 , T M G) [5], and gallium trichloride (GaCl3 )
[6] has been reported for temperatures above 450 ◦C.
Lower growth temperatures (350400 ◦C) were achieved
when GaCl was used as the gallium precursor [7]. Sumakeris et al. [8] reported growth of GaN lms within the
temperature range of 150650 ◦C by using a novel reactor
design that employs hot laments to decompose the ammonia. Recently, Kim et al. [9] deposited GaN thin lms
by thermal ALD using GaCl3 and NH3 as the gallium and
nitrogen precursors, respectively. In their study, growth
rate saturated at ≈ 2.0 Å/cycle within the temperature
range of 500750 ◦C.
In this work, we demonstrate the self-limiting growth
of GaN thin lms via plasma-enhanced ALD (PEALD)
within the temperature range of 150350 ◦C using TMG
or TEG as the group-III, and NH3 as the group-V precursors.
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Depositions were carried out in a Fiji F200-LL ALD
reactor (Cambridge Nanotech) with a base pressure of
≈ 0.25 Torr, using Ar as the carrier gas. NH3 ow rate
and plasma power were 50 sccm and 300 W, respectively.
System was purged for 10 s after each precursor exposure. Prior to depositions, pre-cleaned Si (100) and Si
(111) substrates were dipped into dilute HF solution for
≈ 1 min, then rinsed with deionized (DI) water and dried
with N2 .
Film thicknesses were estimated by using variable angle spectroscopic ellipsometry (VASE, J.A. Woollam).
Ellipsometric spectra of the samples that were recorded
at three angles of incidence (65◦ , 70◦ , 75◦ ) in the wavelength range of 4001200 nm, were tted by using the
Cauchy dispersion function. Thermo Scientic K-Alpha
spectrometer with a monochromatized Al Kα X-ray
source was used for the X-ray photoelectron spectroscopy
(XPS) studies.
3. Results and discussion

GaN thin lms were deposited on Si (100) substrates
by PEALD using TMG and ammonia (NH3 ). TMG saturation behavior was studied at 185 ◦C with a constant
NH3 ow duration of 40 s. TMG doses of 0.015 and 0.03 s
resulted with the same deposition rate (0.46 Å/cycle), indicating that saturation was already achieved at the minimum available TMG pulse time. This is due to the very
high vapor pressure of TMG at room temperature. The
excessive usage of TMG might be avoided by lowering
the temperature of TMG until a decrease in deposition
rate is observed.
Figure 1 is the NH3 saturation curve at 185 ◦C. Deposition rate increased with NH3 ow duration until 90 s
and reached saturation at ≈ 0.56 Å/cycle. Inset of Fig. 1
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Fig. 1. NH3 saturation curve at 185 ◦C. TMG dose
was constant at 0.015 s. Inset: deposition rate of GaN
as a function of temperature.

shows deposition rates of GaN thin lms at dierent temperatures, where 100 cycles were deposited with 0.015 s
TMG/10 s purge/90 s (50 sccm) NH3 /10 s purge. A constant deposition rate of ≈ 0.51 Å/cycle was observed
within the temperature range of 250350 ◦C. For temperatures in the range of 185250 ◦C, deposition rate increased with decreasing temperature. This behavior is
believed to be related to the purging eciency, which
decreases at lower temperatures.
Another set of GaN thin lms were deposited on Si
(111) substrates by PEALD using TEG and NH3 as the
Ga and N precursors, respectively. Figure 2a is the TEG
saturation curve at 150 ◦C. Deposition rate increased
with the TEG dose until 1 s. A further increase in
TEG dose did not aect the deposition rate, implying
that the chemisorption of TEG is self-limiting. Eect
of purge time on deposition rate at 150 ◦C is given in
the inset of Fig. 2a. Deposition rate decreased from
0.60 to 0.49 Å/cycle as the purge time increased from 0
to 5 s, and remained constant at this value for longer
purge times. Figure 2b shows the NH3 saturation curve
at 250 ◦C. Deposition rate increased with NH3 ow duration until 120 s and reached saturation at ≈ 0.47 Å/cycle.
Deposition rates of GaN thin lms at dierent temperatures are given in the inset of Fig. 2b. For these experiments, 200 cycles were deposited with 0.5 s TEG/10 s
purge/90 s (50 sccm) NH3 /10 s purge. A constant deposition rate of ≈ 0.48 Å/cycle was observed within the
temperature range of 150350 ◦C. For higher temperatures, deposition rate increased with temperature.
Film thickness vs. number of deposition cycles graphs
for GaN lms deposited at 250 ◦C using 0.015 s TMG
with 90 s NH3 , and at 150 ◦C using 1 s TEG with 120 s
NH3 are given in Fig. 3. A linear growth behavior was
observed for both processes.
Compositional characterizations of the ≈ 16 and 27 nm
thick GaN lms deposited using TMG and TEG precursors, respectively, were carried out by using XPS. Survey
scans detected peaks of gallium, nitrogen, oxygen, and
carbon. Carbon was detected only at the lm surfaces
and no C impurities were found in the bulk lms. Oxygen contents of the lms deposited using TMG and TEG
precursors were 19.5 and 22.5 at.%, respectively.

Fig. 2. (a) TEG saturation curve at 150 ◦C. NH3 ow
duration was constant at 90 s. Inset: deposition rate as
a function of purge time. (b) NH3 saturation curve at
250 ◦C. TEG dose was constant at 0.5 s. Inset: deposition rate of GaN as a function of temperature.

Fig. 3.

Film thickness vs. number of deposition cycles.

Ga 3d and N 1s high resolution XPS scans given in
Fig. 4 refer to bulk lms. In Fig. 4a, Ga 3d scan of
the lm deposited using TMG was tted by two peaks
located at 19.72 and 20.85 eV, which correspond to GaN
[10, 11] and GaO [10] bonds, respectively. Similarly, two
subpeaks located at 19.8 and 21.09 eV were assigned as
GaN [10, 11] and GaO [10] bonds, respectively, for the
lm deposited using TEG as the group-III precursor. In
both cases, the intensity of GaO subpeak was higher
than that of the GaN subpeak. N 1s scans of the lms
are given in Fig. 4b. Subpeaks located at 395.07 (TMG)
and 395.35 eV (TEG) were assigned as the NO bond
[12, 13], whereas the ones located at 397.54 (TMG) and
398.03 eV (TEG) were assigned as the NGa [14, 15].
Both Ga 3d and N 1s scans were shifted to higher energies
when TEG was used as the group-III precursor.
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4. Conclusions

GaN thin lms were deposited by PEALD at low temperatures. Saturation doses of group-III and -V precursors were determined as (0.015 s TMG, 90 s NH3 ) and (1 s
TEG, 120 s NH3 ). Deposition rates remained constant
at ≈ 0.51 and ≈ 0.48 Å/cycle within the temperature
ranges of 250350 and 150350 ◦C for TMG- and TEG-based processes, respectively. Both processes exhibited
linear growth behaviors. Oxygen contents of the lms deposited using TMG and TEG precursors were 19.5 and
22.5 at.%, respectively.
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