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1. Introduction

Much attention has been paid to nitride electronic
devices, since they have large potentials for high power and
high temperature applications. As one of them, nitride
heterojunction bipolar transistors (HBTs) have severa
advantages such as high breakdown voltage, high current
density, good linearity, low phase noise and good threshold
voltage uniformity. Recently, we have reported that an
AlGaN/InGaN HBT shows high breakdown voltage over
120 V and the corresponding electric field is as high as 2.3
MV/cm [1,2], which is much higher than those reported for
HBTs composed of other materials such as Si/SiGe,
InGaP/GaAs and InP/InGaAs. However, the reported
nitride HBTs have two issues to be solved. One is their
small current gain, while the other is their high offset
voltages around 5 V in the common-emitter current-voltage
(I-V) characteristics. These two issues are considered to be
relating to their degraded p-type base ohmic contacts due to
the etching damage generating during the HBT fabrication
process, so severa techniques have been tried to remove
the influence of these damage. One of the techniques is the
extrinsic base regrowth of p-GaN or p-GaAs on the
exposed p-GaN intrinsic base surface [3,4]. This technique
improved the base ohmic characteristics a little and the
further improvement is needed. In this work, we have used
the extrinsic base regrowth of p-InGaN instead of p-GaN
and p-GaAs. Using the base regrowth of p-InGaN, the base
ohmic characteristics have been significantly improved,
resulting in high current gains and reduced offset voltages
of nitride HBTs, so we report on these base ohmic
characteristics along with GaN/InGaN HBT characteristics.

2. Experimental Procedures

The Mg-doped p-InGaN and p-GaN layers were grown
at 780 °C on SiC substrates by metalorganic vapor phase
epitaxy. To investigate the influence of the etching damage,
the surface of the p-Inyo:GagesN layer was intentionally
etched by electron cyclotron resonance plasma etching.
Then, ap-InGaN layer was regrown at 750 °C on the etched
p-1no07GaggsN. This regrown p-InGaN layer consists of
100-nm p-lng2GapggN and 2-nm p-IngsGag7N with a Mg
concentration of 5x10" cm®. Finally, Pd/Au metals were
deposited for p-type ohmic contacts. Figures 1 and 2
illustrate the structure of the regrown p-InGaN layer and
the corresponding band diagram, respectively. In this

structure, the Piezoelectric charges are induced due to the
strain between p-1ng,GaggN and p-1ng3Gag7N. The sign of
these charges are negative, so the tunneling effect of holes
are enhanced, resulting in the better ohmic characteristics
[5]. Figure 3 illustrates the configuration for two
rectangular electrodes for I-V measurements.
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Fig. 1 Schematic illustration of the regrown layer.
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Fig. 2 Band diagram for the regrown layer.
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Fig. 3 Configuration for two Pd/Au ohmic electrodes
to measure |-V characteristics.

3. Experimental Results
Figure 4 shows the |-V characteristics between two
electrodes formed on the p-InGaN layer regrown on the
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etched p-1ngg;GayesN. For comparison, Pd/Au metals were
also deposited directly on the etched p-lngo:GaggsN and
p-GaN layers. The Mg concentration for p-GaN was 5x10*
cm™, so the perfect ohmic characteristics were obtained for
the as-grown p-GaN. However, the |-V characteristics for
the etched p-GaN were much degraded, as reported
previously. This is ascribed to the formation of a thick
n-type conversion layer near the surface after etching, since
the etching defects act as donors [6]. For the etched
p-1noo7Gage3N, its I-V characteristics were improved, even
though its Mg acceptor concentration is one fifth of that of
p-GaN. This indicates that the surface n-type conversion
layer becomes thin due to the effect of the In atoms in
p-InGaN [6]. In contragt, the |-V characteristics were much
improved by the regrowth of p-InGaN and showed almost
perfect ohmic characteristics, which were better than those
obtained by the regrowth of p-GaN or p-GaAs on the
etched p-GaN. The following is a possible reason for the
improved ohmic characteristics obtained in this work. The
regrowth was performed on the etched p-InGaN layer,
whose damage is less severe than that of p-GaN. Therefore,
the n-type conversion layer near the etched surface may
become thin enough to tunnel the holes after it is buried in
the regrown p-InGaN. In addition to this effect, the etching
damage may be recovered during the regrowth of p-InGaN.
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Fig. 4 1-V characteristics between two electrodes on the
regrown p-InGaN, the etched p-InGaN and p-GaN.

We have applied this regrowth technique to the base
layer of GaN/InGaN HBT with an emitter area of 50 um x
30 um. The In mole fraction in the base layer and its
thickness in the intrinsic base were 0.07 and 100 nm,
respectively. The Mg doping concentration of the intrinsic
base was 1x10"® cm?® and its hole concentration is
estimated to be 1x10" cm. The n-GaN emitter layer has a
high Si doping concentration of 4x10%° cm?, since the
emitter ohmic characteristics were not obtained for lower
doping concentrations. Figure 5 shows the common-emitter
[-V characteristics at room temperature. From this figure,
the current gain increased up to 2000 and the offset voltage
decreased to around 1 V [7], while the maximum current
gain was 20 and the offset voltage was 5 V for the

GaN/InGaN HBT without a regrown extrinsic base layer.
Therefore, it was found that the base ohmic characteristics
are closely related to the nitride HBT characteristics.
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Fig.5 Common-emitter I-V characteristics of GaN/InGaN
HBT with aregrown base layer.

4. Conclusions

We have applied the regrowth of p-InGaN to the
extrinsic base layer. Using this technique, the base ohmic
characteristics have been significantly improved. As a
result, high current gains up to 2000 and reduced offset
voltages were obtained for the nitride HBTs. These results
show that p-InGaN is a promising material for the intrinsic
base layer and that the extrinsic base regrowth of p-InGaN
is an effective way improve nitride HBT characteristics.
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