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a b s t r a c t

We report the MOVPE growth of high-performance AlN/GaN MISHEMTs using regrown n-type GaN
(n-GaN) as source/drain (S/D) and in situ SiNx as gate dielectric. The n-GaN S/D and in situ SiNx were
investigated for minimizing on-resistance and suppressing gate leakage current, respectively. The results
showed that a two-step Si doping profile for the n-GaN greatly reduced the access resistance, and small
gate leakage as well as low trap state density were achieved with the in situ SiNx gate dielectric. The
fabricated 0.33 μm-gated MISHEMT exhibited a maximum drain current density of 1550 mA/mm and an
on/off current ratio over 107.

& 2014 Elsevier B.V. All rights reserved.

1. Introduction

GaN-based high electron mobility transistors (HEMTs) have
attracted great attention for radio frequency/microwave power
applications, due to their high-density two-dimensional electron
gas (2DEG), high breakdown field strength and high electron
saturation velocity [1–3]. Nowadays innovative device scaling is
being intensively studied for GaN-based HEMTs and remarkable
progress has been presented [4,5]. As the gate length scales,
reducing gate-to-channel distance is desirable to mitigate the
short channel effect [6,7]. AlN/GaN HEMTs are promising because
of a unique combination of high-density 2DEG and ultra-small
barrier thickness (o7 nm) [8,9]. Recently great progress has been
achieved and AlN/GaN heterostructures with remarkable channel
transport characteristics have been demonstrated [10,11].

Despite the great potential of AlN/GaN heterostuctures, there are
a few obstacles impeding the development of high-performance
AlN/GaN HEMTs. First, it is difficult to achieve low contact resistance
to the 2DEG channel due to the high potential barrier of AlN, leading
to a large on-resistance [12]. Regrown n-GaN as S/D has been shown
efficient in reducing the on-resistance, yet the report about the
relationship between the regrowth conditions and device character-
istics is rare [13–15]. Second, a metal-insulator-semiconductor (MIS)
structure is typically adopted for AlN/GaN HEMTs due to the defec-
tive and thin AlN barrier layer, but most of the gate dielectrics are
ex situ deposited and can potentially introduce process-related

contaminations/defects [16]. Compared with the ex situ dielectrics,
SiNx can be in situ deposited by MOVPE and is effective in passivating
AlN/GaN heterostructure for enhanced channel conductivity as well as
low interface trap states, making it an ideal candidate as the gate
dielectric for AlN/GaN MISHEMTs [17–19]. However, reports on suc-
cessful use of the in situ SiNx as the gate dielectric for the AlN/GaN
MISHEMTs are still limited [20,21].

In this work, we present the growth of high-performance in situ
SiNx/AlN/GaN MISHEMTs with regrown n-GaN S/D. Both material
growth and device architecture of the MISHEMTs were engineered
for improved device performance. Different doping concentra-
tions/profiles for the regrown n-GaN S/D were investigated for
minimizing the access-resistance. SiNx in situ grown by MOVPE
was adopted as the gate dielectric, and its impact upon the device
performance was presented and analyzed. The sub-micron gated
AlN/GaN MISHEMTs were fabricated, exhibiting high drain current
density and large on/off current ratio.

2. Experimental procedure

The samples presented in this work were grown with an Aixtron
2000HT MOVPE system. Trimethylgallium (TMGa), trimethyaluminum
(TMAl), silane (SiH4) and ammonia (NH3) were used as precursors for
Ga, Al, Si and N, respectively. H2 and N2 were used as carrier gases.
Atomic force microscopy (AFM), scanning electron microscopy (SEM),
transmission electron microscopy (TEM), high-resolution x-ray diffrac-
tion (XRD), room-temperature Hall effect measurement and transmis-
sion line model (TLM) were implemented for characterization of the
samples.
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To study the impact of Si doping upon the regrown n-GaN S/D,
samples A–E with different doping concentrations and profiles were
regrown on patterned AlGaN/GaN templates with semi-insulating
buffer layers, as shown in Fig. 1(a). The templates are standard
HEMT epi grown by MOVPE and consisted of a 20 nm Al0.3Ga0.7N
barrier, an 1 nm AlN spacer, a 875 nm unintentionally doped GaN
(u-GaN) layer and a 1.2 μm buffer layer. Details about the structure
and growth conditions of the templates can be found elsewhere
[22]. 300 nm SiO2 was deposited by plasma-enhanced chemical
vapor deposition (PECVD) and patterned using wet etching, to
define and mask the gate area for following Cl2-based inductively
coupled plasma (ICP) etching. The pre-regrowth etch depth into the
buffer was approximately 120 nm. Then, n-GaN S/D was regrown on
the templates by MOVPE at 1090 1C, without any surface treatment
before the regrowth. After that, the SiO2 was removed and Ti/Al/Ni/
Au (20/150/50/80 nm) ohmic contacts were formed by e-beam
evaporation. Two kinds of TLM patterns were used and named
as n-GaN and n-GaN and 2DEG, as shown in Fig. 1(b) and (c),
respectively.

Samples F and G were in situ SiNx/AlN/GaN heterostrucutures
sharing the same 2.5 nm AlN barrier layer but in situ SiNx layers with
different thickness (3 and 7 nm for sample F and G, respectively), as
shown in Fig. 1(d). More details about the AlN/GaN heterostructure
can be found elsewhere [23]. The in situ SiNx was deposited
immediately following the AlN/GaN growth in the MOVPE chamber
at 1145 1C and 100 mbar. MIS diodes were fabricated using samples
F and G. The process started with mesa etching using a CF4/O2-based
reactive ion etching (RIE) followed by an ICP etching. After selective
removal of the in situ SiNx in S/D region, Ti/Al/Ni/Au (20/150/50/
80 nm) was deposited by e-beam evaporation and annealed at
850 1C in N2 ambient to form ohmic contact. Ni/Au (20/200 nm)
gate was formed with a diameter of 200 μm on the in situ SiNx by e-
beam evaporation and a lift-off process. Gate leakage currents as
well as the capacitance–voltage (C–V) characteristics of the MIS
diodes were then measured and discussed.

After the investigation of S/D regrowth and in situ SiNx gate
dielectric, sample H was grown on a 2-in. (0 0 0 1) sapphire substrate
by MOVPE for MISHEMTs fabrication. As shown in Fig. 2(a), the

sample consisted of, from bottom to up, a 35 nm AlN nucleation
layer, a 300 nm AlN buffer layer and a 2.7 μm u-GaN layer, a 2.5 nm
AlN barrier layer and a 7 nm in situ SiNx layer. The NH3 flow rate for
the first 180 nm AlN buffer layer was 1000 sccm and 3500 sccm for
the following 120 nm AlN, while the temperature and pressure were
kept constant at 1145 1C and 100 mbar, respectively. This is designed
for engineering of the buffer resistivity and dislocation density.
The 2.5 nm AlN barrier layer was not specifically optimized and was
directly grown on the u-GaN layer at 1145 1C and 100 mbar with a
NH3 flow rate of 3500 sccm. MISHEMTs were fabricated with a gate-
last self-aligned process [24]. First, 300-nm-thick SiO2 was deposited
by PECVD and patterned using a two-step dry and wet etching.
Subsequently a layer of PECVD SiNx was blanket deposited (Fig. 2(b)).
An anisotropic RIE etching was then implemented to form sidewall
spacers and S/D regions were exposed by ICP etching (Fig. 2(c)).
The ICP etch depth was about 90 nm. After that, n-GaN was regrown
on the exposed GaN buffer and, after mesa isolation etching, S/D
electrodes were formed on the regrown layer using Cr/Au (Fig. 2(d)).
Then the sample was spin-coated with a layer of low-κ BCB material
and cured in a vacuum oven at 250 1C, followed by RIE etch back to
expose the SiO2 dummy gate (Fig. 2(e) and (f)). Finally, the dummy
gate was removed with buffered oxide etching (BOE) and replaced
with a Ni/Au metal gate (Fig. 2(g) and (h)). The gate head of the T-
shaped gate was 1.5 mm, defined by photolithography. The thickness
of the BCB supporting layer was about 100 nm and the gate-to-
source/gate-to-drain distance (LGS/LGD) was 90 nm. Device perfor-
mance of the MISHEMTs was finally characterized and presented.

3. Results and discussion

To achieve highly conductive n-GaN as S/D, the first step is to
choose a proper Si doping concentration (Nc). Samples A and B
shared the same structure containing �180 nm regrown n-GaN layer
but differentiated Si doping. The Nc for sample A and B was about
5�1019 and 7�1019 cm�3, respectively. Surface morphology of the
two samples was characterized by AFM, as shown in Fig. 3(a) and (b).
Notably, sample A presents smooth surface with a root-mean-square

Fig. 1. Cross-sectional schematics of (a) sample A–E, (b) TLM pattern named n-GaN, (c) TLM pattern named n-GaN and 2DEG and (d) sample F–G.
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(RMS) roughness value as small as 0.4 nm. However, sample B exhibits
high-density pits on surface, whose depth can be close to the
thickness of the regrown n-GaN layer. Such deep pits are probably
caused by high Si doping or SiH4 exposure as reported by some groups
[25,26]. The pits are undesirable because they can degrade the contact

between the regrown n-GaN and the 2DEG channel by reducing the
contact area when they locate at the n-GaN/channel boundary.

Additionally, samples C and D (containing �190 nm n-GaN)
with Nc of about 2�1019 and 5�1019 cm�3, respectively, were
characterized with TLM methods and the results were listed in

Fig. 2. Process flow of the gate-last self-aligned process.
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Table 1. As compared to sample C, the contact resistance between
the Ti/Al/Ni/Au metal and the regrown n-GaN (Rc1) of sample D is
reduced with increased n-GaN carrier concentration. However,
the contact resistance between the 2DEG channel and the n-GaN
(Rc2) for sample D is larger than that of sample C. To explore this
phenomenon, I–V characteristics between two contacts were
measured for samples C and D, as presented in Fig. 4. The contact
spacing in the measurement was 2 μm. It can be observed that, the
Schottky current dominates at low voltage region for sample C,
indicating the insufficient Nc for the regrown n-GaN S/D. With
more Si doping, conductivity of the n-GaN is improved for sample
D and the current correspondingly increases. But it is noticeable
that the saturated current of sample D (n-GaN and 2DEG TLM
pattern) is obviously smaller than that of sample C. This can be
caused by the intensified electron scattering at the n-GaN/2DEG
channel interface with increased Si doping [27,28]. Heavy Si
doping at early stages of the regrowth can introduce defects at
the n-GaN/channel interface by either SiH4 etching or over doping.
To resolve this problem, a two-step doping profile was adopted for
sample E. The n-GaN thickness for sample E was about 150 nm,
and Nc was adjusted to be �2�1019 cm�3 of the first 30 nm
n-GaN while kept constant as �5�1019 cm�3 for the following
120 nm n-GaN. It can be observed that, the Rc2 of sample E is
smaller than that of sample D despite its overall reduced Si doping
(Table 1). This can be attributed to the improved crystalline quality
of the n-GaN/channel interface which reduces the possibility of
electron scattering.

After optimizing the n-GaN regrowth, the in situ SiNx was
studied to minimize the leakage current and trap states density of
the AlN/GaN MIS structure. MIS diodes were fabricated using
samples F and G, which had 3 and 7 nm in situ SiNx as the gate
dielectric, respectively. Gate leakage currents and 100 kHz double
mode C–V characteristics of the two samples are plotted in Fig. 5.
It can be observed that, with increasing SiNx thickness, the gate
leakage current is reduced by more than two orders of magnitude

when comparing sample F and G. For sample G with 7 nm in situ
SiNx, the gate leakage current is close to 10�7 A/cm2, which is
smaller than the similar MIS structures using other dielectrics
[29–33]. In addition to the leakage current, trap state density also
has great impact upon the device performance. From the double
mode C–V characteristics, it can be observed that the two samples
both exhibit negligible clock wise hysteresis, indicating preeminent
quality of the in situ SiNx and the SiNx/AlN interface. Previous study
has found that the hysteresis is caused by acceptor-like trap states
either in the dielectrics or at the dielectric/semiconductor interface
[34]. Due to the high-temperature in situ growth, the AlN surface is
not exposed to the air before the SiNx deposition and the adatom

Fig. 3. AFM observation of sample A and B across a scan area of 5�5 μm2. The vertical scale is 10 nm.

Table 1
Sheet resistances and contact resistances of sample C–E obtained from the TLM
measurement.

Sample n-GaN Rsh (Ω/sq) Metal-to-n-GaN Rc1
(Ω mm)

2DEG-to-n-GaN Rc2
(Ω mm)

C 256 4.19 0.19
D 85 0.23 1.43
E 165 0.17 0.07
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Fig. 4. I–V characteristics of the sample C and D measured with an electrode
spacing of 2 μm.

Fig. 5. Double mode C–V characteristics and leakage currents of the MIS diodes
fabricated using sample F and G.
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mobilities were improved during the SiNx growth, resulting in high-
quality SiNx and SiNx/AlN interface.

The XRD GaN (0 0 2) and (1 0 2) full width at half maximum of
sample H was measured to be 231 and 449 arcsec, respectively,
indicating good crystalline quality of the GaN buffer layer. With
room-temperature Hall effect measurement, the sheet resistance
of sample H is found to be 546 Ω/sq, which is consistent with
recent reported values and shows good channel conductivity [18].
The 2DEG concentration is 1.5�1013/cm2 with an electron mobi-
lity of about 762 cm2/V s. The relatively lowmobility can be caused
by the unoptimized growth of the AlN barrier layer and will be
improved in future work. Fig. 6(a) presents the cross-sectional
TEM images of the gate stack of sample H. The images were taken
near the GaN [1 �1 0 0] zone axis. An abrupt in situ SiNx/AlN
interface can be observed, while a rough interface typically
appears in the III-N MIS devices with ex situ gate dielectrics which
may degrade the interface quality [35,36]. Surface morphology of
the sample was also characterized with AFM and the result was
shown in Fig. 6(b). Smooth surface can be observed and a RMS
value as small as 1.06 nm was achieved.

DC characteristics of the self-aligned MISHEMT with a gate length
of about 0.33 μm and gate width of 2�50 mm were plotted in Fig. 7.
The device exhibits a high maximum drain current density (IDS) of
1550mA/mm at VDS¼5 V and VGS¼3 V, and the on-resistance is as
low as 1.89Ωmm. The peak transconductance (Gm,peak) is 330mS/mm
at VDS¼6 V and VGS¼�0.3 V. The achieved results are mainly
attributed to the reduced access resistance by the highly conductive
regrown n-GaN S/D and the scaled gate-to-source/gate-to-drain dis-
tance. Furthermore, gate leakage and off-state drain leakage currents
of the device are both below 10�4 mA/mm at VGS¼�8 V and
VDS¼6 V, leading to a large on/off current ratio over 107 with a small
subthreshold slope of 100 mV/dec. This indicates that the in situ grown
SiNx is of high quality and is very effective in reducing the leakage
current and passivating the AlN surface.

4. Conclusion

In this work, MOVPE growth of high-performance in situ SiNx/
AlN/GaN MISHEMTs with regrown n-GaN S/D was demonstrated.
Both material growth and device architecture of the AlN/GaN
MISHEMTs were engineered to reduce the device on-resistance
and gate leakage current. The regrowth of highly conductive n-GaN
S/D were studied with different Si doping concentrations/profiles.
A two-step doping profile for the regrown n-GaN was found to be
effective in forming both good n-GaN/metal and n-GaN/2DEG
contacts. Additionally, gate leakage current was significantly sup-
pressed and low trap state density was achieved with the in situ
SiNx as gate dielectric. The fabricated AlN/GaN MISHEMT with a
gate length of 0.33 μm exhibited a maximum drain current density
of 1550 mA/mm, on-resistance of 1.89 Ωmm and an on/off current
ratio over 107.

Acknowledgements

The authors would like to thank Q. Li, and W. Tang
for helpful discussions and the staffs of MCPF and NFF of HKUST
for their sincere help in material characterization and device
fabrication. This work was supported in part by the Research Grants
Council (RGC) theme-based research scheme (TRS) of the Hong
Kong Special Administrative Region Government under grant
T23-612/12-R.

References

[1] D.F. Storm, D.A. Deen, D.S. Katzer, D.J. Meyer, S.C. Binari, T. Gougousi,
T. Paskova, E.A. Preble, K.R. Evans, D.J. Smith, J. Cryst. Growth 380 (2013) 14.

[2] F. Medjdoub, M. Alomari, J.F. Carlin, M. Gonschorek, E. Feltin, M.A. Py,
N. Grandjean, E. Kohn, IEEE Electron Device Lett. 29 (2008) 422.Fig. 6. (a) Cross-sectional TEM and (b) AFM observations of sample H.

Fig. 7. (a) Output and (b) transfer characteristics of the in situ SiNx/AlN/GaN
MISHEMT.

J. Ma et al. / Journal of Crystal Growth 414 (2015) 237–242 241

http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref1
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref1
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref2
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref2


[3] D. Deen, T. Zimmermann, Y. Cao, D. Jena, H.G. Xing, Phys. Status Solidi C 5
(2008) 2047.

[4] N. Nidhi, S. Dasgupta, J. Lu, J.S. Speck, U.K. Mishra, Scaled self-aligned N-polar
GaN/AlGaN MIS-HEMTs with fT of 275 GHz, IEEE Electron Device Lett. 33
(2012) 961.

[5] K. Shinohara, D.C. Regan, Y. Tang, A.L. Corrion, D.F. Brown, J.C. Wong,
J.F. Robinson, H.H. Fung, A. Schmitz, T.C. Oh, S.J. Kim, P.S. Chen, R.G. Nagele,
A.D. Margomenos, M. Micovic, IEEE Trans. Electron Devices 60 (2013) 2982.

[6] Y. Awano, M. Kosugi, K. Kosemura, T. Mimura, M. Abe, IEEE Trans. Electron
Devices 36 (1989) 2260.

[7] G.H. Jessen, R.C. Fitch, J.K. Gillespie, G. Via, A. Crespo, D. Langley, D.J. Denninghoff,
M. Trejo, E.R. Heller, IEEE Trans. Electron Devices 54 (2007) 2589.

[8] T. Zimmermann, D. Deen, Y. Cao, J. Simon, P. Fay, D. Jena, H.G. Xing, IEEE
Electron Device Lett. 29 (2008) 661.

[9] I.P. Smorchkova, L. Chen, T. Mates, L. Shen, S. Heikman, B. Moran, S. Keller,
S.P. Denbaars, J.S. Speck, U.K. Mishra, J. Appl. Phys. 90 (2001) 5196.

[10] K.D. Chabak, D.E. Walker Jr., M.R. Jobnson, A. Crespo, A.M. Dabiran, D.J. Smith,
A.M. Wowchak, S.K. Tetlak, M. Kossler, J.K. Gillespie, R.C. Fitch, M. Trejo, IEEE
Electron Device Lett 32 (2011) 1677.

[11] Y. Cao, D. Jena, Appl. Phys. Lett. 90 (2007) 182112.
[12] X. Lu, J. Ma, Z.J. Liu, H.X. Jiang, T.D. Huang, K.M. Lau, Phys. Status Solidi A 211

(2014) 775–778.
[13] K. Shinohara, D. Regan, A. carrion, D. Brown, Y. Tang, J. Wong, G. Candia,

A. Schmitz, H. Fung, S. Kim, M. Micovic, IEEE Int. Electron. Devices Meet.
(IEDM) (2012).

[14] J. Guo, G. Li, F. Faria, Y. Cao, R. Wang, J. Verma, X. Gao, S. Guo, E. Beam,
A. Ketterson, M. Schuette, P. Saunier, M. Wistey, D. Jena, H. Xing, IEEE Electron
Device Lett 33 (2012) 525.

[15] H. Tsuchiya, A. Maenaka, T. Mori, Y. Azuma, IEEE Electron Device Lett. 31
(2010) 365.

[16] X. Lu, J. Ma, H.X. Jiang, K.M. Lau, Appl. Phys. Lett. 104 (2014) 032903.
[17] F. Medjdoub, M. Zegaoui, D. Ducatteau, N. Rolland, P.A. Rolland, IEEE Electron

Device Lett. 32 (2011) 874.
[18] K. Cheng, S. Degroote, M. Leys, F. Medjdoub, J. Derluyn, B. Sijmus, M. Germain,

G. Borghs, J. Cryst. Growth 315 (2011) 204.

[19] X. Lu, J. Ma, H.X. Jiang, C. Liu, K.M. Lau, Appl. Phys. Lett. 105 (2014) 102911.
[20] M. Higashiwaki, Z. Chen, R. Chu, Y. Pei, S. Keller, Y.K. Mishra, N. Hirose,

T. Matsui, T. Mimura, Appl. Phys. Lett. 94 (2009) 053513.
[21] M..Kuroda, T. Murata, S. Nakazawa, T. Takizawa, M. Nishijima, M. Yanagihara, T.

Ueda, T. Tanaka, Proc. CSIC' 08, 2008 1.
[22] Y. Wong, N.S. Yu, D.M. Deng, M. Li, F. Sun, K.M. Lau, Sci. China Phys. Mech.

Astron. 53 (2010) 1578.
[23] T.D. Huang, X.L. Zhu, K.M. Wong, K.M. Lau, IEEE Electron Device Lett. 3 (2012)

212.
[24] X. Lu, J. Ma, P.Q. Xu, H.X. Jiang, K.M. Lau, in: International Conference on

Compound Semiconductor Manufacturing Technology, 2014.
[25] K. Pakula, R. Bożek, K. Surowiecka, R. Stępniewski, A. Wysmolek, J.M. Baranowski,

Phys. Status Solidi B 243 (2006) 1486.
[26] K. Pakula, R. Bożek, J.M. Baranowski, J. Jasinski, Z. Liliental-Weber, J. Cryst.

Growth 267 (2007) 1.
[27] U. Penner, H. Rücker, I.N. Yassievich, Semicond. Sci. Technol. 13 (1998) 709.
[28] X.Q. Xu, X.L. Liu, X.X. Han, H.R. Yuan, J. Wang, Y. Guo, H.P. Song, G.L. Zheng, G.L.

Zheng, H.Y. Wei, S.Y. Yang, Q.S. Zhu, Z.G. Wang, Appl. Phys. Lett. 93 (208)
182111.

[29] S. Taking, D. MacFarlane, E. Wasige, IEEE Trans. Electron Devices. 58 (2011)
1418.

[30] T. Huang, X. Zhu, K.M. Wong, K.M. Lau, IEEE Electron Device Lett. 33 (2012)
212.

[31] M. Higashiwaki, T. Mimura, T. Matsui, IEEE Electron Device Lett. 27 (2006) 719.
[32] D. Deen, D. Storm, D. Meyer, D.S. Katzer, R. Bass, S. Bi-nari, T. Gougousi, Phys.

Status Solidi C 8 (2011) 2420.
[33] D.A. Deen, S.C. Binari, D.F. Storm, D.S. Katzer, J.A. Roussos, J.C. Hackley,

T. Gougousi, Electron. Lett. 45 (2009) 423.
[34] M. Fagerlind, F. Allerstam, E.O. Sveinbjornsson, N. Rors-man, A. Kakanakova-

Georgieva, A. Lundskog, U. Forsberg, E. Janzen, J. Appl. Phys. 108 (2010)
014508.

[35] Y. Shu, T. Zhikai, W. King-Yuen, L. Yu-Syuan, L. Cheng, L. Yunyou, H. Sen, K.J. Chen,
IEEE Electron Device Lett. 34 (2013) 1497.

[36] Y.C. Chang, M.L. Huang, Y.H. Chang, Y.J. Lee, H.C. Chiu, J. Kwo, M. Hong,
Microelectron. Eng. 88 (2011) 1207.

J. Ma et al. / Journal of Crystal Growth 414 (2015) 237–242242

http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref3
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref3
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref4
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref4
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref4
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref4
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref5
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref5
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref5
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref6
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref6
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref7
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref7
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref8
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref8
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref9
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref9
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref10
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref10
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref10
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref11
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref12
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref12
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref13
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref13
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref13
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref14
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref14
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref14
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref15
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref15
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref16
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref17
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref17
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref18
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref18
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref19
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref20
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref20
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref21
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref21
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref22
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref22
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref23
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref23
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref24
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref24
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref25
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref26
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref26
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref27
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref27
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref28
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref29
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref29
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref30
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref30
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref31
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref31
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref31
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref32
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref32
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref33
http://refhub.elsevier.com/S0022-0248(14)00784-2/sbref33

	MOVPE growth of in situ SiNx/AlN/GaN MISHEMTs with low leakage current and high on/off current ratio
	Introduction
	Experimental procedure
	Results and discussion
	Conclusion
	Acknowledgements
	References




