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Abstract

We have newly developed the compact model
HiSIM-GaN by solving the Poisson equation including
the carrier trapping explicitly. Switching characteristics
of Gallium Nitride (GaN) HEMT power devices has
been analyzed based on measurements and simulation
with the developed model. It is demonstrated that
measured switching waveforms can be well reproduced
by assuming that only one half of the DC-extracted trap
density becomes electrically active during switching.
This confirms that the trapping event requires time to
accomplish. Additionally, it is also demonstrated that a
field plate, introduced to relax the electric-field en-
hancement in the 2-dimensional electron gas (2DEG) of
the channel region, has indeed a positive effect on cir-
cuit performances.

1. Introduction

-Hiroshima, 739-8526 adap

field-plate is acting as a source of additionalicetd charge.
All other possible phenomena expected for high agait
applications such as resistance and self-heatfegtethave
been included in the same way as in HiSIM_HV, alug
try-standard compact model for power devices [3].

3. Model Evaluation and Discussion

Fig. 1 shows a schematic of the studied GaN-HEMT.
The device has a MIS structure with a SiN layer leetw
the AlGaN layer and the gate electrode. In orderetax
the electric field in the 2DEG region at the AIGabaN
interface, a structure with dual field plates a tate and
the source electrodes has been developed [4].derdo
investigate GaN-HEMT based circuits by simulationhwit
HiSIM-GaN, we have first extracted the model parire
Figs. 2 and 3 show the results for reproductiomeésured
current-voltage characteristics after parameteraeion
using HiSIM-GaN. The DC trap density is extracteohf

Power semiconductor devices based on different-matethe measurethsVys characteristics. The obtained trap den-

rials are used for various inverter and converiguis in
high power applications. Among them GaN-HEMT is con-
sidered to be very attractive due to its simultaiseap-
plicability for both high power and high speed. Tdevice
has also been already successfully utilized foe Hight
emitting diode applications. The GaN material isayaily
considered to be superior to Silicon for realizilogver
power loss in certain application ranges. However,
non-negligible trap effects are a major concern fidly
utilizing the advantageous GaN-material features.

In order to accurately predict power efficiency éora-
bling circuit-structure optimization, accurate caopmod-
eling of dynamic device characteristics is a key 21
Therefore, we have developed HiSIM-GaN on the bafsis
a consistent solution of the Poisson equation. Theemn
includes structural feature of GaN-HEMT devices sash
field plates and the 2DEG existence. Our modelind a
analysis focus is given on the influence of nonligidge
trap states on circuit performances including feklfplate
effects. A GaN-based boost converter circuit idyaeal in
the investigation.

2. HiSIM-GaN Compact Modeling Approach

HiSIM (Hiroshima-university STARC IGFET Model)
is the first complete surface-potential-based carhpa
MOSFET model for circuit simulation based on a con-
sistent solution of the Poisson equation. This ephdas
been extended to develop HiSIM-GaN by considerimgy t
potential distribution from the gate electrode e tsub-
strate for precise modeling of the 2DEG feature® hp
density is also considered in a self-consistent.wiye

sity is more than ten times larger than for Siliqoower
devices. Fig. 4 shows measured and simulated ¢apaei
characteristics. The capacitance results without the
field-plate contributions are depicted togetheiFig. 4 as
horizontal dashed lines. As can be seen, all medsde-
vice characteristics, including the two stage cépace
characteristics, are well reproduced by HiSIM-GaN.

Switching characteristics are analyzed with theuir
of Fig. 5. In Fig. 6 the measured switching waveferof
the studied circuit are shown. Fig. 7 depicts tiheukation
results. Since the measurements include additjpenasitic
effects in the circuit as depicted in Fig. 5, hit$¢e parasitic
values were separately extracted and includedearsitmu-
lation as well. Fig. 7(a) shows the simulation Hssin-
cluding the trap density extracted from the DC meas
ments. The current peaks induced during switch-an
clearly smaller than in the measurements. This calmse
of the large DC-trap density which results in apepsed
internal potential-reaction speed to the exteries bhang-
es. Fig. 7(b) shows the simulation results withag densi-
ty of one half of the extracted DC value, whichrogjuces
the measurements. This result suggests that therdyaldy
active trap density is different from the activaprdensity
under the DC condition, and the transient wavefrme-
quired to extract the time constant of the traméve

To confirm the influence of the field plate, besidiee
observed capacitance increase in Fig.4, we perfbreme
turn-on circuit simulation for the GaN-HEMT device
without field plate. An increase of the ringingvisrified in
Fig. 7(c). Thus it can be concluded that the figlate con-
tributes not only to the reduction of the field bdaut also
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increases the circuit stability. Additionally, adtestion of 8 @ 0y @)
the circuit efficiency from 86.4% to 86.2% by nedlrg Z\ ™
the field plate is confirmed. = - (ﬁss | §
? 4 o » AV ? 0.1 N

4. Conclusions 5, L g

We have investigated the switching performante o £ : N\ - g oo
GaN-HEMT devices with HiSIM-GaN, newly developed © = fo = " |
based on the Poisson equation including trap deasd all o U o 200 300 0 100 200 300
other charges induced within the device. It is destrated Vo V] Yo V1

that the extraction of the non-negligible trap dgnsannot  Fig- 4. Comparison of the model&kyCosdCrssVys With meas-

: o urements (a) Linear scale and (b) Log scale at rtemperature
be done only _W'th DC measurements. Additionallye th i, fixed Vgs Of -15V. Symbols are measurements and lines are
relevant trap time constant has to be extracteth ftlhe  His|M-GaN results. Dashed lines are HiSIM-GaN resulithout

transient GaN-HEMT switching characteristics. Thedfiel field plate.
plate is shown to realize enhanced circuit stgbditd also

enhanced circuit efficiency. Thus total device aimduit N , 1s8p
optimization is important to achieve the desiredcuit iy ' Dl <on
performances. -BUT_ {l-df---.(TRISGEGSC)
i D Q- i
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Fig. 2.14s'Vgs Characteristics at room temperature\(@r0.1V, (b)
Vge=0.5V, 1V, 10V. Symbols are measurements and lises
HiSIM-GaN results
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F Fig. 7. Simulated turn-on current waveforms of tineasured
0.0 circuit (see Fig. 6). (a) With the trap densityraxted from meas-
o0 2 4 6 8 10 ured lgsVys characteristics, (b) with one half of the extracte
Vs [V] DC-trap density, (c) with the same trap densityhescase (b) but

) . without the field-plate effects. The circuit efficicy for the case
Fig. 3. l4s'Vys characteristics at room temperature frojge-12V (b) with the field plate is 86.4%, but it decreases86.2% by
to Voe=3V. Symbols are measurements and lines are HiSH-G  neglecting the field plate. The difference is sniatl the studied
results. case due to the studied bias condition.
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