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1. Introduction Table 1. The conduction band discontinuity at the
SiC bipolar junction transistors (BJTs) are promgsi quasi-AlGa,N/SiC heterojunction and the common-emitter cur-

for power switching devices because of low on-tagise ~ rentgain atg = 1 mA.

and high breakdown voltage [1]. Since BJTs are cur- Al composition AE. Gain (8)
rent-controlled devices, high common-emitter currgain 033  -0.56(Typell) 022
(B over 100 is required to use simple drive circuits g‘; ;063291”"‘38”) 053
. . . .21 (Type l) 2.2
number of studies have been devoted to improveuhent 06 +110 (Typel) 2.4

gain [2-4], and a high current gain of 257 was echd

recently [5]. In SiC BJTs, however, current-gaiduetion 1oum  20um

with elevating the temperature is inevitable beeaingec- Moo e (VAT
tion efficiency decrease by increasing hole deniityhe superlattice n'-GaN Cap _¢— 2x10%%cm, 0.2um
. Base ®n*-AlGaN Emitter¢— 1x10°cm?3, 0.1um
base region [6]. e
. . . . . (THAI/N) n-SiC Spacer #— 1x10%cm3, 0.05um
Heterojunction bipolar transistors (HBTS) are tfetior psc bSICBase  b— Lx0cm?, 0.5um
cally expected to have a high current gain eveslatated S Coledtor 4 5x1015cm'3vlt;pm
temperature because a wide bandgap emitter camesispp SIC Boff-axis Substate
the injection of holes from the base to the emitt€e pre- Collector (Ni)

viously proposed AlGaN/SiC HBTs employing AIN/GaN Fig. 1. Schematic cross section of fabricated AIGaN/SiC HBTS.
short-period superlattices (quasizBkN) as a wide
bandgap emitter [7]. We succeeded in fabricating 3 ‘ ‘

quasi-AlGa 4N/SiC HBTs with various average Al com- 'e ‘gjr%}\“étep
positions by changing the ratio of AIN and GaN laye gz— — F
thicknesses, and controlling the band offset betwee = Y 1
quasi-AlGa 4N and SiC. However, an ideal performance — 1t g -
expected from the HBT structure has not been obdaift F

is important to investigate current transport medésra for 00 ‘ e

better understanding of the HBT operation. 5V [V]10
. . . CE
In th'? paper, we '”Yes“g"?‘ted the CUI’I’eI_’lF trar.ispor Fig. 2. Common-emitted-V characteristics of AlGa sN/SiC
characteristics of HBTs with various Al composiofvari-  HpTs.
ous band discontinuities) by means of Gummel phatt t
shows the base and collector current characteviptimtted  quasi-AlGa.«N/SiC heterojunction measured by Capaci-

against the emitter-base voltage. tance-voltage@-V) measurements and the common-emitter
current gain §) atlzg = 1 mA. The HBTs with Al composi-
2. Device Fabrication tions over 0.5 have a Type | heterojunction andient

The fabricated HBT structure is shown in Fig. 1. We gain larger than 1 due to the elimination of patdriarri-
used n-SiC substrates with an-8iC collector layer and a  ers to electron injection. Fig. 2 shows common-tmltV
p-SiC base layer (0.m, N, = 1 x 13° cm®). An n-SiC ~ characteristics of AkGaN/SIC HBT. A com-
spacer layer was grown by chemical vapor deposftbn ~ mon-emitter-mode operatiorG(= 2.2 atlg = 1 mA) was
lowed by a Si-doped AIN/GaN short-period supertatti successfully obtained.

(0.1pm, Ng ~ 1 x 13° cm®) and a Si-doped‘rGaN contact
layer grown at 600C by molecular beam epitaxy. HBTs 3. Resultsand Discussion

with various Al compositions were fabricated by ogimg In BJTs, the collector current, which reflects #iec-
the ratio of AIN and GaN layer thicknesses. Growths  tron current injected from the emitter to reach ¢biector,
started with AIN that has smaller lattice mismascitl bet-  is dominated by the diffusion process in the basgon,
ter wetting (smaller interface energy) with SiCrtf@aN. and the ideality facton is typically 1.0. However, in the

Table | shows the conduction band discontinuitiethe AlGaN/SiC HBTSs, the conduction band discontinuit@s
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Fig. 3. Gummel plots of HBTs with Al compositions of 0.3B4,
0.5, and 0.6 with a shorted collector-base junction
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Fig. 4. A Gummel plot and a reverse Gummel plot of

Al sGay sN/SIC HBT with a shorted collector-base junction.

2.6

the severe interface states may affect the cutransport
characteristics and result in additional voltagepdr for
electron injection from the emitter to the base.

We investigated current transport characteristicthe
HBTs with various Al compositions (various bandadis-
tinuities) by means of Gummel Plots. Gummel pl@srot
be simply compared at the base-emitter voltages 2veV
because the base currents are limited by the sergis-
tance of the base region in that range and thesseeisis-
tances are different among the HBTSs. In this pa@em-
mel plots were compared in the 2.0 V to 2.6 V rargje
though the current gain is rather small becauseebem-
bination current is still dominant in the voltagage.

Fig. 3 compares Gummel plots of the HBTs with Al
compositions of 0.33, 0.4, 0.5, and 0.6 in the\210 2.6 V
range. The ideality factons of the collector current char-
acteristics were 1.0. This result indicates that ¢bllector
current is, in spite of the various band discorities,
dominated by the diffusion process in the baseoremi the
low current range. In addition, the collector cuateeof the
HBTs with various Al compositions were almost tlane
in the low current range from TOA to 10° A. This result
indicates that electrons are injected without adgitéonal
voltage drops from the emitter to the base regioren if
there are some potential spikes caused by the ctiadu
band discontinuities, they may be low enough nadffect
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the current transport characteristics at leashénlow cur-
rent range. That is because the doping concentraficthe
quasi-AlGa.N emitter epilayer Ng ~ 1 x 16° cm®) is
about ten times larger than that of the SiC badaye (N,
=1 x 13%cm?® and therefore the depletion layer of the
emitter is very thin (< 1 nm) at the forward bidabe dif-
ferences of base currents among the HBTs were ,samall
the ideality factors of the base current characteristics were
2.0, indicating that the recombination currentta emit-
ter-base junction is dominant. The base currentghef
HBTs are mainly determined by the interface statethe
AlGaN/SiC heterojunction, rather than the band alidic
nuities at the AlGaN/SiC heterojunction in the lourrent
range.

By comparing a Gummel plot in the normal mode with
the same plot with the emitter and collector resédrin-
verted operation), we can investigate the diffeesnaf the
electron injection between from n-AlGaN to p-SiCdan
from n-SiC to p-SiC. Fig. 4 compares the Gummelt plo
with the reverse Gummel plot of theABa, sN/SiC HBT.
The collector currents for the Gummel plot and rieerse
one were almost the same in the low current raimgether
HBTSs, the collector currents for the Gummel plotl ahe
reverse one were also almost the same (not shokinig.
result indicates that the band discontinuities tredsevere
interface states at the AIGaN/SiC heterojunction raa
affect the electron injection in the low currenhge. The
base current in the reverse Gummel plot was mugjela
than that in the Gummel plot. This is because thltec
tor-base junction area, which includes parasiticidiunder
the base contact, is much larger than the emitise-func-
tion area.

4. Conclusion

The HBTs with various band discontinuities at the
AlL,Ga,,N/SiC heterojunction were investigated. It revealed
that the band discontinuities and the severe imterktates
at the heterojunction did not affect the curremtngport
characteristics at least in the low current radde current
transport characteristics of collector currentsdominated
by the diffusion process in the base region.
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