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Electrical characterization of Sydn-GaN metal—insulator—semiconductor structures fabricated on
sapphire substrates was performed by using high-frequency pulsed capacitance—voltage and
capacitance-transient techniques. Fast and slow capacitance transients are clearly seen after applying
reverse voltages, reflecting thermal emissions of carriers from the/G@N interface. The
temperature dependence of the capacitance—voltage characteristics shows capacitance saturation in
deep depletion(>15 V), which is probably associated with the slow capacitance transient.
Deep-level transient spectroscopic measurements reveal two interface traps with activation energies
of 0.71 and~0.76 eV from the conduction band, corresponding to the fast and slow capacitance
transients, respectively. Therefore, the observed capacitance saturation may be due to Fermi-level
pinning induced by the latter interface trap. Z02 American Institute of Physics.

[DOI: 10.1063/1.1486266

Gallium nitride(GaN) has been widely used in optoelec- active layer. The GaN active layer had free-electron concen-
tronic devices such as blue light-emitting diodes and lasetrations of ~5x 10" cm™2, mobilities of ~400 cnf/Vs,
diodes? In addition, the electronic and structural propertiesand threading dislocation densities of 2 %0° cm™2 as de-
of GaN also make it suitable for high-power and high-termined by room-temperature Hall-effect measurements and
temperature electronic device applications. Recently, a numransmission electron microscopic observations. The Si con-
ber of GaN field-effect transistoré~ET9 such as hetero- centration was also confirmed to be4.5x 10'" cm™3 by
bipolar transistors, metal-oxide—semiconductor heterostrugecondary ion mass spectrometry measurements. After
ture FETs, and metal—-insulator—semicondu¢idtS) FETs  growth, lateral dot-and-ring GaN MIS structures were fabri-
have been reporteti® In particular, the GaN MIS structure cated as follows. First, a 100-nm-thick Sidayer was de-
equipped with an inversion mode as a minority-carrier chanposited on the top surface of the GaN samples as a gate
nel is important for high-power switching devices since itinsulator by radio-frequency sputtering at nominal room tem-
would provide for lower leakage currents and reduce poweperature. The SiQlayer was selectively removed by wet
consumption, enabling normally off operation with high etching using a photolithographic technique for Ohmic con-
blocking voltage even at high temperatures. A GaN MiStact directly on the GaN active layer, and then Al metal was
structure using a gate insulator comprised of deposite@vaporated through a shadow mask to provide gate and
G&0; (Gd,05) has been reported by Retal® Since then,  Ohmic electrodes. The dot gate electrode was 580 in
various GaN MIS structures have been intensivelydiameter, and was surrounded by the ring Ohmic electrode
investigated.™* Their main purpose was to study gate insu-with a 10um gap. After metallization, the MIS samples were
lator materials such as @3 (Gd,Os), AN, SiO,, SizN4,  annealed at 450 °C for 30 min in nitrogen atmosphere.
Pb(Zr,Ti)O;, and p-phenylenebenzobisthiazole. Inversion  The MIS structures were characterized by using a high-
behavior in these structures has not yet been reported regarﬁiequency pulsed capacitance—voltage—V) techniqué®
less of inversion being one of the key issues in view ofinstead of the convention@l—V method to evaluate the time
power switching applications. Therefore, it is required to ex-dependence of charging and discharging at the, 88aN
amine whether or not the GaN MIS structure has an inverinterface. The measurements were performed in the dark at a
sion mode. In this letter, we report on an electrical investi-frequency of 1 MHz with an ac modulation of 30 mV. On the
gation of interface properties of Sjn-GaN MIS  pylsed C—V measurements, one unit of the pulse pattern
structures. consists of two stages. After applgia 1 mspulsed voltage

Epitaxial GaN films were grown by atmospheric- of +15 Vv to approach an accumulation region temporarily,
pressure metal—organic chemical-vapor deposition  ORhe pias voltage is sequentially applied and the capacitance is
a-plane sapphire substrates. First, a 20 nm AIN buffer layeeasured after a delay ting. The bias voltage anty are
was deposited at 400°C, and then an undopetBthick  jngependently varied.

GaN layer was grown at 1050°C, and sequentially, a Si-  Figyre 1a) shows typical room-temperatur€—V
doped 1um-thick GaN layer was regrown at 1050 °C as ancyryes for the fabricated MIS structurestaiof 11075, 1,

5, and 30 s, respectively. Ide@-V curves with and without
dy-nakano@mosk.tytlabs.co.jp inversion mode are also shown. The bias voltage was swept
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o 0.8 FIG. 2. Temperature dependence of capacitance transient for the fabricated
SiO, /n-GaN MIS structures after applying the bias voltage-&5 V. Inset
0.7 shows the bias voltage dependence of the capacitance transient at room
temperature.
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081 e when the bias voltage goes from accumulation to deep deple-
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© 06t - #1515 (accum.>dep.) tion to accumulation. Compared with t@e-V data att4 of 1
' . ;3 s(fz:géjnic_c)“?é) ) s, V, and V, shift toward negative and positive voltages,
051 295K | a0 (dep_;accun‘:j) respectively, in th&€ -V curve atty of 30 s._This implies the
0.4 — . presence of numerous residual negative charges at the

40 30 G—20 o0 1020 SiO, /GaN interface. These interface states can be attributed
ate Voltage (V) o .

to acceptor-like interface electron trap¥,—V,| is the total
FIG. 1. (a) High-frequency pulse€-V curves at room temperature for the hysteresis window at flatband. The large window abf 30
fabricated SiQ/ ”'Ga;\'l“:'('fofguituées r?ds?fge bitas ‘;E“?g?f_;‘jvﬁfﬁtvffom s is~7.0V, which corresponds to a total interface state den-
;ralt:(tg) Ti%\[:e?;:l(jrz depende’nc‘e o’f ?\igh-fre:’ueon%:f/ p?J(SV(\:GV (;urves at sity of at least~1.7x 102 ev Cm °. Thus’ upon applying
ty of 30 s as the bias voltage is swept frofl5 to —40 V. (c) High- reverse voltages toward strong inversion, a large number of
frequency pulsedC—V hysteresis curves at room temperature as the biasinterface traps may induce Fermi-level pinning at the
voltage is swept from-15 to —40 V and then back ta-15 Vattgof 1and - gj0, /GaN interface instead of actual hole inversion, which
30s. . .

results in the observed capacitance saturdfidh.

To examine the capacitance transient in deep depletion,
from +15 (accumulationto —40 V (depletion. Thety de-  conventional capacitance—timé&{t) measurements were
pendence of the measur&-V curves is clearly seen; the performed in the dark by using the puls€d-V technique as
capacitance in depletion significantly increases toward thenentioned above. Figure 2 shows typi€t curves after
ideal one with an increase &f . This capacitance transient is applying the bias voltage of 25 V for the fabricated MIS
caused by thermal emission of carriers from the 3@ N  structures at 29%room temperatupe 313, 333, and 353 K,
interface in accordance with applying the bias voltage. InrespectivelyCy,, means final capacitance. Fast and slow ca-
particular, the capacitance in deep depletion seems to hgacitance transients are clearly seen, which are labeled E and
saturated for the longy. In addition, this capacitance satu- G, respectively. By combining with the measu@dV char-
ration becomes clear with the rising of temperature for theacteristics in Fig. (@), both capacitance transients corre-
longty, as shown in Fig. (b). In the room-temperature mea- spond to thermal emissions of carriers from the SiGaN
suredC-V curve atty of 30 s [Fig. 1(@)], the threshold interface states. As shown in the inset of Fig. 2, the capaci-
voltage is about-15 V. In the idealC—V curve, the flatband tance significantly increases with an increase of reverse volt-
capacitance Crg/C,,) is calculated to be 0.975. The flat- age for the fast capacitance transi&htwhereas the capaci-
band voltage Yrg), which is the corresponding voltage of tance variation remains small, independent of reverse voltage
the Crg/Cyy, gives a value of 3.85 V from the measured for the slow capacitance transie@t The relaxation time for
C-V curve atty of 30 s. Thus, the flatband voltage shift both capacitance transienEs and G becomes longer with
(AVgp) gives a fixed oxide charge densitiN{) of ~9.4  increasing the reverse voltage, which is a typical character-
x 10" eV lem 2. Figure 1c) shows typical room- istic of interface states. In particular, the capacitance tran-
temperatureC—V hysteresis curves for the fabricated MIS sientG with a long relaxation time seems to be associated
structures aty of 1 and 30 s, respectively. Bias voltage waswith the capacitance saturation in tBe-V characteristics, as
scanned back and forth betweerl5 and—40 V. No hyster- mentioned in Figs. (&) and Zb). Furthermore, the relaxation

esis is observed in thé—V curve atty of 1 s, while a much time for both capacitance transiefi®ndG becomes shorter
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8.0— suredC-V characteristics as mentioned above, the latter in-
i:“’" £ E terface trap may dominantly induce the Fermi-level pinning
o™ v effect at the Si@/GaN interface upon applying reverse volt-
T_; %10’3 oy ages. Therefore, the interfacial trap density should be re-
S 4 o-%w duced in order to achieve the inversion mode in SiGaN
n Br0f e § MIS structures.
@ & 1000 (K1) 4 In summary, the interface properties of the SI®-GaN
a 20 st,sms\ MIS structures have been investigated by using high-
4ms/16ms frequency pulse€ -V and capacitance-transient techniques.
0. e ..., 10ms/40ms The C-V characteristics in deep depletion are found to be
80 180 280 380 480

significantly subject to the thermal emission of carriers from
two deep interface traps with activation energies of 0.71 and
FIG. 3. Typical DLTS spectra at various rate windotygt, for the fabri- ~ ~0.76 eV from the conduction band.

cated SiQ/n-GaN MIS structures after applying the bias voltage-&5 V.
Inset shows the Arrhenius plots of the electron-emission rate.
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