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ABSTRACT

This paper presents the growth of thin GaN capping layers on standard AlGaN HEMT structures. It has been
found that the reliable growth of thin (< 5nm) GaN capping layers by organometallic vapour phase epitaxy is
challenging as GaN is unstable at high growth temperatures even in atmospheres with high ammonia partial
pressure. To overcome this challenge a growth strategy based on the controlled desorption of GaN has been
adopted. By intentionally growing thicker than desired capping layers and controlling the desorption during
the cool down after growth it is feasible to reliably grow high quality GaN capping layers with a specific
target thickness. The development of the controlled desorption process has been simplified by predicting the
desorption based on the computer controlled cooling ramp and the temperature dependent GaN desorption
rate. The latter was obtained by analysing in-situ reflectance traces for relevant growth conditions. Moreover,
examples on how to identify exposed AlGaN barriers, i.e. without intact GaN caps, by TEM and AFM are

presented.

1. Introduction

With the maturing of II-nitride semiconductor device technology
there is not only a continued focus on improving device performance
but also on improving device reliability [1-4]. This is especially true
for AlGaN-based high electron mobility transistors (HEMTs) that have
already entered commercial production. The key feature of a HEMT is
a 2-dimensional electron gas (2DEG) that provides a conductive path
between the source and the drain of the transistor. In AlGaN based
HEMTs this 2DEG is formed between a thick GaN layer and a thin
Al Ga;_,N layer, called the barrier, usually with x < 0.5. Unlike in
conventional HEMTs, for example AlGaAs-based ones, no doping is
required to induce the formation of the 2DEG. Band bending caused
by the intrinsic spontaneous polarisation of the nitride semiconductors
results in the formation of the 2DEG at the interface between the GaN
layer and the AlGaN barrier. The formation of the 2DEG is further aided
by the formation of electric fields due to piezoelectric effects [5]. If the
Al Ga;_,N barrier is thin enough, i.e. below the critical thickness for
relaxation, it grows pseudomorphically on the underlying GaN layer
and is thus under tensile stress. The resulting electric field enhances the
sheet carrier density n, of the 2DEG. Thus, the integrity of the AlGaN
barrier is very important to maintain the performance of these HEMTs.
Relaxation of the barrier has to be avoided. One approach to protect the

AlGaN barrier is to grow a thin (< 5 nm) GaN cap on top of the barrier.
The GaN cap prevents oxidation of the barrier and has also been found
to prevent the formation of extended surface defects in the barrier
that are associated with degradation in device performance [6-8]. Thin
GaN caps have also been shown to prevent current collapse in HEMTs,
reduce gate leakage and, in general, increase device robustness [9-11].

However, growing such thin GaN caps is challenging [12,13]. It is
well known that GaN is unstable above about 850 °C and under the
aggressive atmospheres found in organometallic vapour phase epitaxy
(OMVPE) reactors [14,15]. Over the years numerous studies have
been devoted to investigating the instability of GaN under relevant
conditions [15-30]. The GaN dissociates and desorbs from the surface
if the flux of precursors is too small to maintain net growth of the
layer. This is especially true when cooling down the epilayers from the
growth temperature during which the group-III precursor flux into the
reactor is usually stopped. In the worst case, the entire GaN cap could
desorb which would leave the AlGaN barrier exposed. As the GaN cap
is rather thin, transmission electron microscopy (TEM) is one of the few
techniques, which is also widely available, that can directly determine
the cap thickness. However, as preparing the necessary high-quality
TEM cross sections is notoriously difficult, it would be advantageous
to use a growth strategy that is robust enough so that constant quality
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control by TEM is not necessary. The growth strategy for the GaN cap
must not only be able to prevent its complete desorption but should
also be able to maintain the desired cap thickness. If the actual cap
thickness differs from the target thickness, interpretation of electrical
characterisation data becomes treacherous. This is especially true if one
compares the measured data to models that rely on precise estimates
of layer thicknesses. Ultimately, this might also lead to problems with
quality control in industrial settings. If electrical performance devia-
tions are not correctly identified as missing GaN caps but are attributed
to other problems resulting in futile changes to process recipes and a
decreased yield. Therefore, the aim of this paper is to present a growth
strategy that addresses all of the concerns above.

2. Experimental details

All HEMT structures were grown in an AIXTRON 1x6" close coupled
showerhead reactor on (111) oriented 6" Si wafers (Shin-Etsu Handotai
Europe Ltd.) If not mentioned otherwise temperatures always refer to
wafer surface temperatures as measured by the emissivity-corrected
pyrometer of an EpiCurve® TT system (LayTec AG) installed on the
reactor. Prior to the growth of the epilayers the wafers were heated
to ca. 1080 °C in a hydrogen (H,) atmosphere for 30 min to desorb the
native oxide layer. The epilayer stack of the HEMT structure consists of
a 250 nm AIN nucleation layer, a 1700 nm graded AlGaN buffer (from
85 at.% Al to 25 at.% Al), a 1000 nm GaN buffer, a nominally 1 nm
thick AIN spacer, a 21 nm AlGaN barrier with nominally 25 at.% Al, and
a GaN cap with a target thickness of 2 nm. All layers were grown using
trimethylaluminium (TMAI), trimethylgallium (TMGa), and ammonia
(NH;) as the precursors and H, as the carrier gas. The GaN caps were
grown at ca. 1045 °C in an H, /NH;-atmosphere at 100 mbar. Injecting
a TMGa flux of 86 pmol/min and an NHj; flux of 6 slm into the reactor
for the cap growth resulted in a V/III ratio of 3060 and a net growth
rate of 0.18 nm/s as determined by analysing the 633 nm reflectance
trace of a thick GaN layer grown under the same conditions. None of
the GaN caps grown in this study were intentionally doped. A FEI Titan
80-300 transmission electron microscope (TEM) running at 300 kV
with a convergence angle of 24 mrad and collection angle of 60-
200 mrad was used to obtain cross section micrographs of the epilayer
stacks grown in this study in scanning transmission electron microscopy
high angle annular darkfield (STEM-HAADF) mode. If not mentioned
otherwise, scale bars in TEM micrographs were obtained from counting
atomic layer distances, assuming c lattice constants of 5.19 A for the
GaN channel and 5.14 A for the AlGaN barrier. The samples were
prepared using standard cross sectional polishing techniques and with a
final precision ion polishing using argon gas. Atomic force microscopy
(AFM) scans of the stacks’ top surfaces were recorded with a Dimension
Icon-AFM in PeakForce Tapping®-mode (Bruker Corporation).

3. Results

Evidence for cap desorption. A particularly suitable way to identify the
desorption of thin GaN caps is using the dominant Z-contrast in STEM-
HAADF. In this mode regions that contain heavier elements, i.e. having
a higher atomic number Z, appear brighter than areas containing
lighter elements. Although this contrast cannot straightforwardly be
used to make a direct quantification of the composition in a certain
region, in the ternary Al,Ga,_,N system it is a good indicator for
changes in the metallic site fraction x. Regions with higher x, i.e. higher
Al content, should appear darker than regions with lower x. The Z-
contrast is not the only contribution to the overall contrast in darkfield
TEM images. However, in the epitaxial layer stacks that are relevant for
this work, one expects rather sharp changes in the Z-contrast of layers
with sufficiently different metallic site fractions so that the contribution
from, for example, changes in the TEM foil thickness should only be a
minor contribution to the overall contrast. Thus, for cross sections of
the HEMT structure studied in this work one would expect the following
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contrast pattern at the top of the structure: a bright layer corresponding
to the GaN buffer layer, followed by a darker layer corresponding to the
AlGaN barrier, followed by another layer corresponding to the GaN cap
with a similar brightness as the GaN buffer layer. But, we have found
that if one tries to grow a GaN cap with a simple growth procedure
consisting of simply turning off the Ga source at the end of the growth
one observes the following contrast pattern: as expected, the bright GaN
buffer followed by the darker AlGaN barrier followed by another thin
layer that is even darker than the AlGaN barrier. This is a complete
reversal of the expected contrast change between the AlGaN barrier
and a GaN cap. An example of this contrast change is depicted in
Fig. 1. It indicates not only that there is no GaN cap, but that the top
surface of the AlGaN barrier has a higher Al content than the remaining
AlGaN barrier underneath. This is consistent with energy-dispersive X-
ray spectroscopy (EDX) maps, an example of which can be found in the
Supporting Information to this article. Note that in conventional bright
field TEM imaging this thin high Al content surface layer could be easily
mistaken for the GaN cap, leading to the erroneous conclusion that the
GaN cap growth has been successful. This unexpected contrast pattern
can be explained by a complete desorption of the GaN cap followed by
a preferential desorption of GaN from the surface of the exposed AlGaN
barrier. Preferential desorption of GaN from the AlGaN barrier is not
unexpected as GaN has a lower bond strength than AIN and is thus more
prone to dissociation and subsequent desorption. The enrichment of the
Al at the top of the barrier is not an artifact from the barrier growth
itself. The growth is never stopped during the transition from AlGaN
barrier to GaN cap. To grow the GaN cap on top of the AlGaN barrier
injection of TMAI into the reactor is simply stopped slightly earlier than
that of TMGa. Therefore, one would rather expect a slightly higher Ga
content at the top of the barrier.

As the preparation of TEM cross sections for verifying the successful
growth of GaN caps on a regular basis is usually unfeasible, one can
resort to AFM scans of the epilayer stacks’ top surfaces. Structures
with exposed AlGaN barriers have characteristic fissure-like surface
features [6-8,31,32]. An example of these features is depicted in Fig. 2.
In this particular structure a nominally 2 nm GaN cap was grown on
top of the AlGaN barrier. The entire stack was grown using a recipe
similar to the one that resulted in the structure depicted in Fig. 1.
Thus, it appears plausible that the AFM micrograph shows the exposed
AlGaN barrier. In structures without or with thinner caps the fissures
become deeper beginning to merge into a network. The onset of this
can, for example, be seen in the lower half of Fig. 2. Similar surface
features have been observed in various studies of GaN capped and
uncapped AlGaN layers. In previous work by Cheng et al. it was shown
that the formation of the fissures progresses over time if an AlGaN
barrier is exposed to the H,/NHj-atmosphere of an OMVPE reactor
at high temperatures. Furthermore they showed that the formation
of fissures can be suppressed by the deposition of a SiN, protective
layer immediately following terminating the growth of the AlGaN
barrier. They have argued that the SiN, protective layer prevents the
preferential desorption of GaN from the barrier and thus suppresses the
formation of fissures [33]. As an uncapped AlGaN barrier that sits fully
strained on the GaN buffer should be under considerable tensile stresses
it is not difficult to imagine that these stresses are the driving force for
the formation of the fissures.

Desorption rate. To develop a growth strategy for reliably growing
thin GaN caps it is useful to get a reasonable estimate of the actual
GaN desorption rate. This estimate can be conveniently obtained from
analysis of the 633 nm reflectance trace following the method proposed
by Grandjean et al. [34]. The method will be briefly explained below.
During certain intervals of the oscillation period the reflectance trace
can be approximated by a straight line, cf. left hand side of Fig. 3.
For a constant refractive index, i.e. constant composition, temperature,
and roughness, the reflectance is only a function of the GaN epilayer
thickness and it can be shown that the growth rate g

g = const. X my (€8]
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darker band at barrier-channel
interface due to presence of AIN
spacer in growth recipe

Fig. 1. STEM-HAADF cross sections of a previously grown HEMT structure studied in this work. For clarity only the uppermost part of the structure is shown. The left-hand side
shows a surface layer (I), the AlGaN barrier (I) and the GaN channel (III). The right-hand side shows the interface of the surface layer and the barrier at higher magnification.
Based on the change of contrast in the images, the surface layer is not a pure GaN cap, but an Al enriched surface layer on top of the remaining AlGaN barrier. This is indicating
complete desorption of the GaN cap and preferential desorption of GaN from the exposed AlGaN barrier.

Fig. 2. AFM scan of the top surface of one of the HEMT structures studied in this
work. A nominally 2 nm thick GaN cap was grown on top of the structure, however
no special precautions were taken to prevent desorption of the GaN cap. The surface
seen in the micrograph is the top surface of the AlGaN barrier that has been exposed
after complete desorption of the GaN cap.

is then proportional to the slope m, of that straight line. The propor-
tionality constant is only dependent on the material of the epilayer,
i.e. GaN in this case. Thus, if the growth rate is known for one straight
line section of the oscillation period one can easily deduce the growth
rate in another straight line section by comparing their slopes. This
works of course also for negative growth rates, i.e. desorption rates d

d=gt @
g

using the corresponding straight line slopes m, and my. Practically,

estimating d consists of two steps illustrated in Fig. 3. In the first

step one grows a sufficient thickness of GaN, i.e. more than one full

oscillation of the trace, so that one can extract the growth rate g from

modelling the reflectance trace. The slope m, is extracted from the

same part of the trace. This is best done by using portions of the
reflectance trace close to the inflection points, as the reflectance trace
is well approximated by a straight line in those areas. In the second
step one obtains my from the trace. Therefore, one has to ensure that
the desorption only takes place during an interval of the oscillation
in which the straight line approximation is valid. As the desorption
rate is, under normal growth conditions, much smaller than the growth
rate one can conveniently fulfil this requirement by simply shutting
off the TMGa injection shortly after having passed the midpoint of the
straight line interval during layer growth. This is illustrated in Fig. 3.
The TMGa injection was shut off just a few seconds before the dashed
vertical line marking the transition between growth and desorption.
Before changing the growth conditions, for example the temperature,
for the next cycle it was found to be useful to inject additional TMGa
briefly into the reactor. As the reflectance will change rapidly as film
growth resumes, the desorption period is well defined, cf. far right side
of Fig. 3. The entire procedure can then be repeated for another set
of parameters so that one can obtain multiple data points within the
same run. The only limitation for the number of data points that can be
obtained per run is the quality of the reflectance trace. If, for example,
the GaN layer begins to roughen so much that one cannot extract the
growth rate reliably anymore, one should start on a fresh structure.

The approach presented above was used to determine the desorption
rate of GaN in an H,/NH;-atmosphere for a variety of surface tem-
peratures. To speed up the growth of the GaN layers a higher TMGa
flux was used than for the cap growth resulting in a growth rate of
ca. 0.8 nm/s depending on the growth temperature. As expected, the
desorption process is thermally activated and follows an Arrhenius-type
law with an activation energy on the order of E, ~ 2 eV. The derived
Arrhenius law is subsequently used to predict the cap desorption. One
should keep in mind that the wafer surface temperature was obtained
by a pyrometer. Thus, the accuracy of the absolute value of the surface
temperature depends strongly on the calibration of the pyrometer.
Thus, it is highly advisable to determine the temperature dependence
of the desorption rate for every reactor individually.

Cap growth. One strategy to prevent the desorption of the GaN cap
would be to simply grow the cap at low temperatures where desorption
is not an issue. However, that would leave the AlGaN barrier exposed
during the cool down to the lower GaN cap growth temperature, which
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Fig. 3. Representative data set for illustrating the approach to determine the desorption rate d of GaN from the 633 nm reflectance trace. The dashed vertical lines mark the
transition between the growth and the desorption periods. The desorption rate can be related to the growth rate g, which is obtained from modelling the reflectance trace in the

left-hand side of the figure, from the ratio of the linear slopes my and m,, cf. (2).

would probably also result in the formation of fissures and thus defeat
the purpose of having the GaN cap in the first place. A more elaborate
version of this approach would start the growth of the GaN cap directly
after finishing the growth of the AlGaN barrier at high temperatures
and then rapidly ramp down the wafer surface temperature to a value
at which desorption is negligible, for example 850°C, while continue to
grow the GaN cap. Thus one would avoid exposing the AlGaN barrier
and prevent desorption of the cap as one maintains a finite growth
rate during the cool down. This approach does indeed give the desired
results (cf. Fig. 4), however there are two potential issues with this
approach. Firstly, if one aims for a thin cap thickness it is difficult to
maintain control of the cap thickness. As even cooling down a wafer
in a small OMVPE reactor, like the one used in this work, to 850 °C
takes several tens of seconds, one would either need to use a very small
growth rate to begin with or ramp down the growth rate simultaneously
to ramping down the wafer surface temperature. The former requires to
grow the barrier at a low growth rate as well and being able to maintain
control of a rather low growth rate which is in general more difficult.
The latter makes predicting the final cap thickness difficult. One would
not only need to know how the growth rate changes with temperature,
but also at what rate the growth rate is being ramped down. In an
industrial production system one could of course simply calibrate the
recipe to the desired thickness and just maintain the stability of the
process, however for a research reactor this can be challenging. If it
is required to grow caps with varying thicknesses one would probably
have to resort to verifying the cap thickness by TEM and adjust the
recipes accordingly. Secondly, another potential issue might be the high
carbon doping levels one would expect to build up in the GaN cap at
lower growth temperatures [35,36].

Another strategy for preventing the desorption of the cap is using
controlled desorption of the GaN cap. If the growth rate of the GaN cap
is known, one can easily predict the thickness of the GaN cap before
desorption. One then just needs to control the cool down of the wafer
in such a way that the final GaN cap thickness coincides with the target
value. If the temperature dependence of the desorption rate is known,
the desorption of the cap can be predicted if the time evolution of the
wafer surface temperature is known. An example for predicting the cap
desorption is given in Fig. 5. The inset shows the time evolution of
the surface temperature, i.e. the surface temperature of the Si wafer,
after the growth of the GaN cap has been stopped, i.e. the TMGa flow
into the reactor has been shut off and the heater starts to ramp down.

Fig. 4. AFM scan of the top surface of a thin GaN cap grown by maintaining a finite
growth rate during the cool down of the epitaxial stack until desorption becomes
negligible at low temperatures. The absence of surface fissures is taken as an indication
that the GaN cap is indeed intact. The root mean square roughness of 5umX5pm scans
is lower than 0.8 nm.

As the pyrometer only records the Si wafer surface temperature ca.
every 4 s, additional data points have been interpolated between the
actual data points. By integrating the time evolution of the desorption
rate up to a given point after stopping the cap growth one obtains the
cumulative thickness that has desorbed from the cap. As expected, most
of the GaN desorbs from the cap while the wafer surface temperature
is still high. Using plots like the one in Fig. 5 one can easily predict
the desorption of the cap and adjust either the cool down rate or the
starting thickness of the cap as required. But, the reader should be
aware that the prediction of the cumulative desorbed thickness is based
on a continuum approach, i.e. the GaN cap is treated as a continuous
layer. However, on the relevant thickness scale this is actually a crude
assumption. With a bulk c-lattice constant of 5.19 A for wurtzite GaN,
a desorbed thickness of 2 nm corresponds to only about 8 layers of Ga
atoms. Thus, even if one has detailed knowledge about the desorption
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Fig. 5. GaN desorption rate and cumulative desorbed thickness as a function of the time elapsed after the growth stop. The inset shows the time evolution of the surface temperature

after the growth is terminated in a standard HEMT structure.

process, controlling the cap thickness is a formidable challenge. At
most one could expect a controllability down to 1 atomic layer, i.e. ca.
0.2 nm. At a total cap thickness of 2 nm this is already 10%. However,
taking into account that controlling the cap thickness on this level does
not only require to maintain a constant and stable growth rate across
the entire wafer, but also a very high homogeneity of the wafer surface
temperature across the wafer during the cool down, one should expect
the controllability of the cap thickness to be considerably less.

Cap characterisation. Nevertheless, the approach outlined above has
been successfully used to prevent the desorption of thin GaN caps and
predict their final thickness. An AFM micrograph of a thin GaN cap
grown by this approach is displayed in Fig. 6. There is no evidence
of fissure formation or substantial roughening of the cap surface by
the desorption. The root mean square roughness of 5 pm X 5 pm scans
is lower than 0.6 nm. The small pits in the surface are common
surface pits associated with threading dislocations that penetrate the
top surface of the GaN cap. A notable difference between this intact
cap and the exposed AlGaN barriers is the apparent absence of surface
pits associated with threading dislocations in the AFM micrographs
(cf. Fig. 2). The most likely explanation is that the surface fissures
actually start at the threading dislocations. In that case the etch pits
would be indistinguishable from the surface fissures. This would be
consistent with the findings by Cheng et al. although they identified
only edge dislocations as the origin of the surface fissures [37]. It
is notable that the small pits associated with threading dislocations
are not readily apparent in samples with exposed AlGaN barriers (cf.
Fig. 2). The most likely explanation is that the surface fissures actually
start at the threading dislocations. In that case the etch pits would be
indistinguishable from the surface fissures. This would be consistent
with the findings by Cheng et al. although they identified only edge
dislocations as the origin of the surface fissures [37].

Measuring the cap thickness in STEM cross-sections confirmed that
the final cap thickness was predicted successfully. The initial cap
thickness was predicted to be 3.8 nm. For the cool down ramp used
in this particular growth run a desorption of 2.2 nm was predicted
based on the data in Fig. 5. Thus, the final cap thickness was predicted
to be 1.6 nm. The actual cap thickness was determined to be slightly
thinner at about 1 nm corresponding to 5 rows of Ga atoms or 2
wurtzite GaN unit cells. (cf. Fig. 7). Thus, the difference between the
predicted and the actual cap thickness is on the order of one wurtzite
GaN unit cell. Given that the contrast between the cap and barrier in
Fig. 7 is not particularly sharp the cap might be slightly thicker. As

Fig. 6. AFM scan of the top surface of a thin GaN cap grown by the controlled
desorption approach presented in this work. The final cap thickness determined by
TEM was about 1 nm. The root mean square roughness of 5 pm X 5 pm scans is lower
than 0.6 nm.

mentioned earlier, given that the desorption prediction is continuum
in nature, but the GaN cap is fairly discrete one cannot expect the
prediction to be more accurate than about half a unit cell. Furthermore,
the initial thickness of the cap might also have been overestimated. It
would also not be surprising that the amount of desorbed GaN is being
underestimated. The precise onset of cap desorption is not known, so
the prediction uses the shut-off of the precursor flow as a reference
point. By including a suitable delay it should be possible to refine the
accuracy of the prediction. Nevertheless, on an absolute scale, i.e. in
terms of atomic layers, the accuracy of the prediction is promising and
serves its purpose in ensuring that the GaN cap remains intact.

Stability of capped and uncapped barriers. An important aspect of using
capped barriers is the long-term stability of the barrier. Fig. 8 shows
AFM micrographs of HEMT structures with intact and desorbed GaN
caps. The HEMT with intact GaN cap shows no apparent signs of
degradation even 15 month after it had been grown. However, 17
month after its growth the uncapped barrier shows not only the typical
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Fig. 7. STEM-HAADF cross sections at different magnifications of a HEMT structure with intact GaN cap grown in this study. The sample was prepared from the same wafer whose
surface morphology is depicted in Fig. 6. The image on the left-hand side shows the intact GaN cap (I), the AlGaN barrier (II), and part of the GaN buffer (III). The right-hand
side shows the cap and the barrier at higher magnification. As expected for an intact GaN cap, it has the same Z-contrast with respect to the barrier as the GaN buffer. The
boundary between the cap and the barrier is indicated by a dashed white line in both images and in the right-hand side the solid white line indicates the expected cap thickness,

i.e. 1.6 nm rounded to the next row of Ga atoms.

intact GaN cap

desorbed a cap

Fig. 8. AFM scans of the top surface of HEMT structures at different times after their growth. The left column shows a HEMT structure having an intact GaN cap grown by the
controlled desorption approach presented in this work. The right column shows a HEMT structure with a desorbed GaN cap. (a): 1 month after growth, (b): 15 month, (c): 4

month, (d): 17 month.

surface fissures but also long elevated streaks that appear to follow the
symmetry of the GaN crystal structure. Such degradation, over long
time periods, is expected to impact device reliability.

Another aspect that affects the performance of HEMT transistors
is the thickness homogeneity of the GaN cap. Comparing the AFM
micrographs depicted in Fig. 8(a) and (c), the rms roughness of the
GaN cap and the AlGaN surface from which the GaN cap has desorbed
are 1.0 nm and 0.78 nm respectively. One might infer based on this
small difference that the GaN cap thickness varies over lateral distances

of a few microns. However, it is more likely that the GaN cap grows
conformally on the AlGaN barrier and the difference in RMS roughness
reflects local inhomogeneities of the total film thickness. Deviations
in the GaN cap thickness would affect transistor characteristics, like
the pinch-off voltage, as the distance between the gate electrode and
the 2DEG is changed. Because the GaN cap is in general much thinner
than the AlGaN barrier, deviations in the transistor characteristics are
expected to be minor, but for high reliability devices or applications
requiring tight transistor specifications they could be relevant. Thus,
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ensuring homogeneous growth and desorption of the GaN cap can be
an important aspect of future device manufacturing.

4. Conclusions

In this work it has been shown that the reliable growth of thin GaN
caps on AlGaN HEMT structures is challenging as GaN is unstable at
conventional OMVPE growth conditions and tends to desorb during
cool down of the wafer. Complete desorption of the GaN results in
exposure of the AlGaN barrier in these structures which leads to the
formation of fissures and an Al enriched layer at the top of the barrier.
Both the fissures and the Al enriched surface can be used as indicators
for unsuccessful growth of the cap. Based on measurements of the tem-
perature dependence of the GaN desorption rate a growth strategy has
been developed to reliably grow thin GaN caps. It relies on intentionally
growing a thicker cap and controlled desorption of the excess thickness
to prevent exposure of the AlGaN barrier and maintain the target cap
thickness. The GaN caps grown in this way show no signs of fissure
formation or significant roughening by the controlled desorption. GaN
caps with thicknesses as small as 1 nm can be reliably grown with this
approach. These thin GaN caps also appear to prevent the degradation
of AlGaN barriers over time.
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