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Regarding the unique characteristics (high breakdown
field, high power density, high efficiency, and broad-
band) GaN are now broadly recognized as a key technol-
ogy for many applications. In particular, GaN-based
HEMTSs are able to operate at high power, high frequen-
cies and high temperatures, exhibiting various excellent
characteristics superior to those of conventional Si-based
semiconductors. GaN-HEMTs on Si technology is ex-
pected to drastically reduce the fabrication cost. However,
one of the main issues is the parasitic loss that can ad-

1 Introduction For GaN-based HEMTs on Si, it was
widely believed that the RF parasitic loss was due to the
low resistivity of Si substrate and the interfacial p-type-
doped layer, which mainly related to Ga and/or Al diffu-
sion into the Si substrate [1]. A free-electron inversion lay-
er at the AIN/Si interface, which limits the breakdown
voltage of GaN-HEMT on Si, has been proven in [2].
However, the impact of the electron inversion layer on RF
loss of GaN-HEMTS on Si haven’t been studied yet.

In this paper, we have discussed the RF losses mecha-
nism in GaN-HEMT/Si, which relates to the inversion
channel, induced by the piezoelectric field in AIN buffer.

2 Experimental The epitaxial growth of the Al-
GaN/GaN HEMT has been achieved by MOCVD either on
high-resistivity (HR) Si(111) (R = 10,000 Ohm.cm) or on
low-resistivity (LR) Si(111) (R = 80 Ohm.cm). The GaN-
HEMT structure described in this study consists of an AIN
buffer layer (with different thickness: ~100 and ~ 200 nm),
a three step-graded AlGaN transition layer, a ~1200 nm
GaN layer, and a ~20 nm Alg2GaosN barrier layer.

Measuring the RF losses on CPW lines in function of
the frequencies is a straightforward manner to identify and
quantify RF loss phenomena. Therefore, we have charac-
terized this effect by measuring transmission line losses in
CPWs deposited on the buffer layers and GaN-HEMT/Si

versely impact the RF device performances. A free-
electron inversion channel, which is caused by the posi-
tive piezoelectric charge at the AIN/Si interface induced
by the piezoelectric field in the tensile AIN grown on Si,
plays a critical role in the RF losses. An adoption of a
low-temperature AIN near Si interface induces an unin-
tentionally carbon-doped layer acting as a negatively
fixed charge layer that is able to compensate for positive
piezoelectric charge resulting in the improvements of
both the RF losses and the leakage.

The films were characterized using a High Resolution
X-ray (HRXRD), Raman spectroscopy, Scan electron mi-
croscopy (SEM), and Secondary ion mass spectrometry
(SIMS).

3 Results and discussion In figure 1, the RF loss of a
CPW on AIN/Si drastically increases as increasing the
thickness of AIN buffer from 100 nm to 200 nm, even at
very low frequency (250 MHz). It indicates that there ex-
ists a highly conductive loss channel, which become a
dominant loss factor at low frequencies.
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Figure 1 The RF Losses of CPWs on 100-nm AIN/Si, 200-nm
AIN/Si, as well as 100-nm AlGaN/100-nm AIN/Si




As we know, AIN is piezoelectric material, the large ten-
sile stress induced by mismatch between AIN and Si re-
sults in a sheet positive piezoelectric charge at the AIN/Si
interface (fig. 2). It causes the formation of a potential well
which confines carriers to a region close to the interface to
form a two dimensional electron gas (2DEG). The elec-
trons in the 2DEG channel exhibit much higher mobility
than those in the bulk. Because of above process, the con-
ductivity of the two-dimensional electron gas (2DEG) de-
pends on the strength of the piezoelectric field, donor sur-
face state, and Fermi energy level (Eg); correspondingly
AIN thickness, and doping level in Si and AIN.
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Figure 2 Schematic energy band diagrams of 100-nm AIN/Si (a)
and 200-nm AIN/Si (b) showing the formation of a two dimen-
sional electron gas (2DEG) at AIN/Si. Raman spectra of 100-
nm AIN/Si (red) and of 200-nm AIN/Si (black) (b), the dash line
shows the E2 mode of AIN bulk single crystal [3].

Fig. 2c shows Raman spectra of 100-nm AIN/Si (red)
and of 200-nm AIN/Si (black). As can be seen, the E
mode of 200-nm AIN/Si at 649.9 cm™ is lower than the E,
mode of 100-nm AIN/Si at 651.3 cm? that indicates a
higher biaxial stress in the thicker AIN buffer/Si. The
higher biaxial stress results in the stronger polarization
field. Consequently, the RF losses in CPW lying on AIN/Si
drastically increases as increasing the AIN thickness.

Indeed, the AIN/Si-interfacial loss, which depends
strongly on the thickness of AIN, becomes a dominant loss
factor compared to conductor (lines), dielectric (AIN) or
substrate losses. Thus, it is essential to minimize the AIN
thickness to reduce the interfacial RF loss.

However, it conversely degrades the crystallinity of
subsequent GaN and increases leakage current. Therefore,
to optimize a GaN-HEMT structure on Si, it requires to
take into account such trade-off. Our previous works have
reported that using a multilayer High-Low-High Tempera-
ture (HLH) AIN buffer layer inducing an unintentionally
rich carbon-doped layer resulted in an improvement in
quality of GaN epitaxial layer on Si; as well as enhanced

the DC performance GaN-HEMTSs [4-6]. SIMs and C-V
measurement results show the unintentionally carbon-
doped layer acting as a negatively fixed charge layer,
which is able to compensate for positive piezoelectric
charge, resulting in the reduction of the inversion layer at
AIN/Si interface and the consequent improvement of RF
loss (fig. 3).
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Figure 3 The Losses of CPW on AIN/Si (red) and on HLH

AIN/Si (black).

Lastly the comparison between the losses of CPW de-
posited on mesa floor of GaN-HEMT on HR Si and on LR
Si with different buffer layers also proves the strong im-
provement of the RF loss by the reduction of the inversion
layer.

4 Conclusions Due to residual stress in AIN buffer,
there exists a conductive inversion channel at interface,
which plays a very important role in RF losses of GaN-
HEMT on Si. Understanding the loss mechanisms of GaN-
HEMT/Si will undoubtedly help to optimize epitaxial
growth structure for further improving the overall device
RF performance. We have demonstrated that using a fixed
negative charge layer near the interface will help to sup-
press the electrons inversion layer.
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