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Abstract
Parasitic components in eGaN-FETs impact the dynamic performance of switching stages. The capacitances
seen, primarily on the output characteristics, of these devices are a main contributor towards switching losses and
therefor converter efficiency. Additionally, the threshold voltage of the device has an impact towards the switching
speed and therefore the efficiency of a power stage. This study shows the impact of extreme temperatures towards
the parasitics that impact the switching behaviour of a power stage. A literature research is conducted exploring
the various mechanisms and temperature dependancies, which are then related towards transient operations of
eGaN-FETs. A device was chosen to perform measurements on output-, reverse transfer capacitance and thresh-
old voltage while increasing temperature from 100 ◦C op to 225 ◦C. The presented results show a large impact
of temperature in these parasisic elements that show that high temperature switch-mode power converters need
additional design work to ensure switching performance and lifetime.
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I. Introduction
High temperature applications of power converters gainmore and
more attention. With goals to create smaller power converters to
supply higher output powers the power per volume figure ofmerit
(FOM) is extended. With such challenges the operating limits
of all components are explored. Particulary in the industries
working with elevated ambient temperatures like geothermal, oil
and gas, aeronautical and military applications these topics see
a trend towards higher operating temperatures. For oil and gas
applications these ambient temperatures can reach up to 200 ◦C
[1].
Increased temperature in electronics has an impact on the

full circuit containing resistors, capacitors, inductors, active de-
vices, etc. The importance of studying the used components in
the operation stage of the envisioned life cycle of the product is
paramount to estimate the lifetime [2, 3]. Temperature impacts
the expected lifetime of electronics, often the expected lifetime
is highly degraded when operating temperatures are increased.
For active devices, such as transistors and diodes, normally op-
erate in alternate modes of conduction/blocking currents. Hence
the dynamic aspects of these components form a critial topic to
understand.
For any switch-mode power converter it is important to eval-

uate the losses that are generated in the circuit. Lower losses

lead to higher efficiencies and may lead tighter packed convert-
ers [4, 5]. For switch-mode power converters these losses are
primarily catogorized into two topics: switching losses and con-
duction losses. The conduction losses in devices are generated
when a switching device is in a steady state, i.e. fully on or
off. Parasitic components as residual on-state resistance in the
channel (𝑅𝐷𝑆𝑜𝑛) or leakage currents in the gate or drain (𝐼𝐺𝑆𝑆

and 𝐼𝐷𝑆𝑆) contribute to these losses. The effect of temperature
on these parasitic components is discussed in [6].
This paper concentrates on the effect of temperature on par-

asitic components in enhancement mode Gallium-Nitride Field
Effect Transistors (eGaN-FETs) that could impact switching per-
formance. The parasitic components in these wide bandgap
devices are categorized as a dynamic type, since they operate in
the transient periods present in a switching stage. This means
that primarily the output characteristics of the eGaN-FET will be
addressed. For example: the capacitance seen in the eGaN-FET
has an impact on the voltage response in the switch-node and the
current in the devices. Large 𝑑𝑣/𝑑𝑡 and 𝑑𝑖/𝑑𝑡 transients may
cause large voltage and current spikes. These spikes can damage
devices or may lead to unwanted behavior in the switching stage.
Temperature has a large influence on the performance of

switching devices which find their source in parasitic compo-
nents. Two well nnown sources are the drift in 𝑅𝐷𝑆𝑜𝑛 and the
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threshold voltage 𝑉𝐺𝑆 (𝑇 𝐻 ) over temperature, lesser is known
about the influence of temperature towards capacitance in the
device. The output capacitance𝐶𝑂𝑆𝑆 and reverse transfer capac-
itance 𝐶𝑅𝑅 are of high importance to the design of an efficient
converter. The effect of temperature on the behaviour of the
2DEG in an eGaN-FET leads to an increase of this capacitance
when the device heats up. The threshold voltage of the eGaN-
FET is also expected to be impacteded by extreme temperature
conditions, as it is known to decrease with increased tempera-
tures [7]. This will have an impact towards layout of the gate
driver loop as well as the switching performance of the device.
The interest in GaN devices has been increased over the past

decade and various manufactures have made their GaN-FETs
available at popular vendors. This paper therefore tries to inves-
tigate performance of eGaN-FETs that are available on themarket
for temperatures that are exceeding the recommended operating
temperatures. The selected eGaN-FETs are bare die components
which allow for better GaN material performance measurments,
as impact/effect from packaging is heavily reduced. It must
be noted that this work does not investigate any reliability pa-
rameters of this device/these devices based on prolonged high
temperature or switch-mode operation.
The first section describes the outline of this paper with back-

ground information and literature research. After that the ca-
pacitance behavior and background of eGaN-FETs is described.
The effects towards switching stage performance, together with
threshold voltage is discussed in the following section. This is
followed by the presentation of measurement methods where af-
ter the measurement results are presented. The conclusion of
this paper will be presented in the last section.

II. Capacative behavior in high temperature
The output capacitance 𝐶𝑂𝑆𝑆 of an eGaN-FET is the sum of the
drain source capacitance (𝐶𝐷𝑆) and the gate drain capacitance
(𝐶𝐺𝐷), the latter is also known as the reverse transfer capaci-
tance (𝐶𝑅𝑅) or miller capacitance. A capacitance between the
drain and the substrate is not shown because for this study the
substrate is connected to the source terminal, hence it appears
in parrallel with 𝐶𝐷𝑆 . These capacitive elements form the main
contributors to the dynamic behavior of the eGaN-FETs. The
output capacitance of a FET is known to be non-linear to the
applied drain-source voltage across the device.

Figure 1: Structure of enhancement mode GaN-FET with place-
ment of parasitic capacitances.
Temperature effects on these devices have been estimated

and measured up to temperatures of 150 ◦C by [8–10]. These
measurements show that an increase of capacitance is expected.
However, the capacitance will still show a declining trend when
a voltage is applied from drain to source. The goal of this study
is to investigate if this drop-point (or knee-point) will be moved
towards higher voltages. For reference in this paper this drop-off
point will be defined where capacitance is decreased by 20% of
its value measured at 0V.

Figure 2: Example of eGaN-FET output capacitance from [7]
with emphasized drop-off point.

Figure 3: Parasitic capacitance in an eGaN-FET

III. Impact of parasitics on switching behavior
Increasing capacitance in the device structure when tempera-
ture is increased leads to a larger storage or energy between the
terminals. When switching from theOFF to theON state, this ca-
pacitance is emptied through the switch channel, in other words:
shorted. This is a common behaviour known as hard switching.
In high temperature circuits the available headroom in tolerated
device dissipation is far lower than for regular room tempera-
ture applications. At high temperatures a designer might want
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to achieve Zero Voltage Switching (ZVS). In this practice the
output capacitance of a switching element is fully discharged by
ripple currents at themoment of switching and therefore reducing
switching losses to zero.

An eGaN-FET is driven by applying a gate-source voltage
𝑉𝐺𝑆 from the gate to the source terminal of the device. When this
voltage rises above the threshold of the device (𝑉𝐺𝑆𝑡ℎ) the device
will start conducting current in the 2DEG channel. The point at
which this happens is expected to be impacted by temperature.
A higher temperature in the device can lead to a higher threshold
voltage as is shown by [11]. The measurement shown tempera-
tures up to 120 ◦C but it is unclear if this trend will proceed with
temperatures up to 225 ◦C.

When the device is turned ON, the left over charge in the out-
put capacitance𝐶𝑂𝑆𝑆 is shorted and will result in a current spike
leaving the device through the source terminal. An added source
impedance can impact this OFF state and may lead towards an
accidental turn-ON event. For the selected device the effect to-
wards this accidental turn-off is largely minimized in the absence
of packaging of the device. Designing for a very small driving
loop lowers the inductance in the gate-source path and therefore
the induced voltage errors during hard switching applications.

IV. Measurement methods

Measurements of capacitance are performed using the B1505A
equipped with a Multi Frequency Capacitance Measuement Unit
(MFCMU). This unit can inject a high frequency signal of
1MHz into the measurement node connected to the DUT us-
ing a N1260A High Voltage Bias Tee. This module allows the
connection of an High Voltage Source Monitor Unit (HVSMU)
to inject a DC voltage at the same time. The output capacitance
and reverse transfer capacitance can then be measured versus
the DC injected operating point of the drain-source voltage. For
calibration a null measurement is performed to compensate for
the measurement harness into the temperature chamber.

Measurement of the threshold voltage is made by shorting
the gate and the drain together. A test setup is made where the
gate-source voltage is gradually increased while the drain current
is measured. The point at which the current starts to flow through
the device is the moment that the 2DEG in the eGaN FET starts
conducting and the device is starting to turn on. Normally this
trigger point is set at 𝐼𝐷𝑆 = 0.25mA.

To create a stable high temperature environment an oven was
built using aerated contrete contructions blocks and heating el-
ement from a domestic tabletop oven. Using an Arduino Uno
module to set up a PWM control scheme in combination with a
Solid State Relay (SSR) result in a highly stable temperature of
the device to perform measurements on. The same oven is used
for static parasitic component measuements in [6].

V. Results
The main parameter of interest in this paper is the output capac-
itance, where the measurement results are plotted in Fig. 4. One
can observe that the output capacitance follows the expected non-
linearity when plotted versus the drain to source DC operating
voltage. For low 𝑉𝐷𝑆 the capacitance is high, where after this
drops towards higher𝑉𝐷𝑆 . For 100 ◦C the measured capacitance
is 42 pF at 𝑉𝐷𝑆 = 50V. The datasheet [7] notes a specified
value of maximum 36 pF at 100 ◦C which results in a difference
of 16%. When temperature is further increased, the capacitance
also becomes larger to 47 pF at 50V in 225 ◦C. This results to a
30% increase compared to the datasheet values.

Figure 4: Measured output capacitance in selected eGaN-FET
for various temperatures
More interestingly is the behaviour when temperature of the

device is increased. Up to around 150 ◦C the curve does not
change much for the measured device. Above this level, how-
ever, the capacitance sees a significant increase. When compar-
ing results between the dark blue curve at 100 ◦C with the dark
red curve at 225 ◦C, an increase of the drop-off point can be ob-
served. Respecively the drop-off point is moving from 20.24V
in 100 ◦C, to 22.75V in 175 ◦C up to 34.50V in 225 ◦C.
Another way to estimate the total capacitance increment is

to integrate the plotted curve and find the average over a voltage
window of 50V as described in Eq. 1. When comparing the
measurements, one can find a mean capacitance of 62.4 pF in
100 ◦C compared to 74.1 pF in 100 ◦C. That is a 18.7% increase.

𝐶𝑜𝑠𝑠 =
1

𝑉𝐷𝑆

·
∫ 𝑉𝐷𝑆

0

𝐶𝑂𝑆𝑆 (𝑉𝐷𝑆)𝑑𝑉 (1)

For a device that is rated at a 𝑉𝐷𝑆 = 100V, where the likely
operation conditions can be expected right in this voltage range,
the output capacitance sees a significant increase in high tem-
peratures. This may cause trouble due to switching losses when
a power stage is not designed with the right timing conditions.
Excessive losses may occur and therefore highly impact the oper-
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ating performance and lifetime if this eGaN-FET was employed
at these harsh conditions.

Figure 5: Measured reverse transfer capacitance in the selected
eGaN-FET for various temperatures
A similar effect can be observed in Fig. 5. Temperature

has a significant effect on the measured reverse transfer capac-
itance as well which become more of interest in the case of a
turn-OFF event. The measurement error in this particular case
is much larger, where the datasheet notes a maximum of 0.5 pF,
measurements show 2 pF at the lowest at 25 ◦C. As mentioned
before capacitances are very small where measurement errors
will have a large impact.

Figure 6: Measured drain current (𝐼𝐷) versus gate source voltage
(𝑉𝐺𝑆) in the selected eGaN-FET for various temperatures
The threshold voltage𝑉𝐺𝑆𝑇 𝐻 also shows drift when exposed

to various temperature conditions. The 𝑉𝐺𝑆𝑇 𝐻 can be observed
when looking at the step present in Fig. 6. For each temperature,
this step is displaced with 𝑉𝐺𝑆 , therefore emphasizing a drift in

the threshold voltage. In Fig. 7 the effect over temperature is
made more visible. In correlation with the works on [11] for
eGaN-FETs, it is found that the threshold voltage is increasing
towards higher temperatures. However, this is only valid up to
100 ◦C. Previous work showed a steady increase towards 120 ◦C
where this particular device is showing a decreasing 𝑉𝐺𝑆𝑇 𝐻 for
temperatures larger than 100 ◦C. The reason for this drop is yet
unclear, this may also be highly dependent on the chosen devices.

Figure 7: Measured Gate Source Threshold voltage (𝑉𝐺𝑆𝑇 𝐻 ) in
the selected eGaN-FET for various temperatures

VI. Conclusion

Measurements have shown that the impact of temperature to-
wards parasitic elements in eGaN-FETs is substantial. A large
impact can be expected towards dynamic parameters of the de-
vice need and therefore need to be taken into account when
designing switch-mode power applications. It is noted that the
effect of increased output capacitance will impact the switching
performance and as a result may effect the lifetime and operation
performance of the devices. The output capacitance measure-
ments show an increase of +18.2% from 62.4 pF in 100 ◦C to
74.1 pF in 225 ◦C. Comparing this with the datasheet noted
values, at a single point of 50V, the capacitance increase is
found to be +30% in 225 ◦C. The reverse transfer capacitance
measures a similar response when temperature is increased, but
is so small that measurement errors contribute significantly to
the total outcome. The impact of temperature is clearly visible
which confirms the need for additional work. Threshold voltage
was found to be affected by temperature, where up to 100 ◦C
a rising trend was observed. However, above this temperature
the 𝑉𝐺𝑆𝑇 𝐻 showed an declining response with a low of 0.85V
in 225 ◦C. A low threshold voltage may lead toward accidental
turn-ON events when this device is employed in a switch-mode
power converter.
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