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Abstract
This paper describes the analysis and experimental test of a discrete cascode GaN-GaN intended for

high-frequency power converters. The proposed configuration takes advantages of both the high switching

frequency capabilities of GaN-HEMTs and the robustness of depletion-mode GaN devices. Experimental

tests compare the designed cascode GaN-GaN with an equivalent single enhancement-mode GaN device.

The test is carried out in a boost converter of 400V-400W-30MHz. This power converter topology allows

comparing both configurations in a demanding hard-switching condition. Experimental results suggest

that at high-power and high-frequency the proposed cascode configuration can lead to performance

improvements in the power converter selected for the test. These improvements arise from the reduced

Miller-effect and the lower gate current of the cascode GaN-GaN.

1 Introduction

Nowadays, advances in Gallium Nitride - High

Electron Mobility Transistors (GaN-HEMTs) have

enlarged the operation condition of power

converters at range of megahertz. This high

switching frequency associates several advantages.

For instance, high-frequency power converters

based on GaN-HEMT devices can be significantly

smaller and lighter than power converters at lower

frequencies. Additionally, other approaches argue

that GaN-HEMT are able to increase the power

conversion efficiency given the lower switching

losses [1].

However, there are still several technological

concerns for the complete exploitation of the GaN-

HEMT features [2]. One of the main concerns

is the inherent normally-on operation of GaN-

HEMTs. This power electronics device in normally-

on operation is known as a depletion mode GaN (d-

GaN). The depletion mode GaN (d-GaN) requires

a negative gate voltage to achieve the turn-off

state. Nevertheless, most of power electronics

applications usually require normally-off operation

for safety reasons and simplified driver circuitry.

To address this constraint, manufacturers have

developed two normally-off architectures. The first

architecture employs a p-doped GaN layer. The p-

doped layer at gate level ensures a turn-off state in

the absence of an external applied bias voltage.

Additionally, this architecture requires a positive

gate voltage to achieve the turn-on state. The

normally-off GaN based on the p-doped layer is

known as enhancement-mode GaN (e-GaN). In

contrast, a second architecture has a depletion-

mode GaN (d-GaN) in cascode connection with a

Si-MOSFET. This type is known as cascode Si-GaN.

The cascode Si-GaN configuration take advantage

of both switching performance of GaN devices and

driver knowledge of MOSFET transistors [3].

E-GaN and cascode Si-GaN transistors are

currently in the power electronics market. However,

some challenges are still under research to improve

their performance in high-power and high-frequency

applications [2]. Indeed, hard-switching power

converters at high-frequency require outstanding

switching characteristics and innovative device

architectures to improve the power conversion

performance.

To take advantages of both GaN-HEMT switching
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performance and normally-off operation, some

authors have proposed an innovative integrated

cascode e-GaN d-GaN architecture [4]. According

to Jiang et al., this architecture has several

advantages in comparison with single e-GaN

and cascode Si-GaN configurations [5]. For

instance, the manufacturing process can decrease

the parasitic inductance that produces undesired

oscillations in a cascode Si-GaN configuration

[3]. In addition, the reduced Miller-effect in

the GaN-GaN configuration leads to improve the

switching performance and reliability under high

dv/dt conditions in comparison with a single e-GaN

[2].

Despite the reported advantages of the cascode

GaN-GaN configuration, studies about novel

architectures of discrete cascode GaN-GaN

configurations have been few explored in the

power electronics literature [6]. Therefore, the aim

of this work is to contribute with an exploratory

and experimental analysis of a discrete e-GaN

d-GaN configuration in order to highlight their

advantages and constraints. This work uses a high-

frequency boost converter of 400V-400W-30MHz

as a study case given their demanding switching

conditions. The experimental prototype devotes

special attention to the PCB layout around the

cascode configuration to decrease the parasitic

inductance.

Section II will analyze the discrete cascode

GaN-GaN in comparison with the single e-GaN

configuration. After, section III will describe the

experimental setup to compare the cascode GaN-

GaN and the e-GaN topologies in a high-frequency

boost converter.

2 Discrete cascode e-GaN d-GaN
configuration

The discrete cascode GaN-GaN configuration

consists of a cascode connection of a packaged

high voltage d-GaN device and a packaged low

voltage e-GaN device. Figure 1 depicts the studied

cascode GaN-GaN configuration. As reported in

literature, this configuration can provide significant

advantages for high-power high-frequency power

converters such as required in hard-switching power

converters [3].

Fig. 1: Discrete cascode e-GaN p-GaN configuration.

One of the most outstanding advantages of the

cascode GaN-GaN is the reduced Miller-effect [3].

As described in Fig. 2, the circuit analysis of

a cascode GaN-GaN configuration and a single

e-GaN device shows a higher Miller-effect in a

single e-GaN during the turn-on switching [5]. The

reduced Miller-effect in the cascode GaN-GaN

improves the driving capabilities at high-voltage

owing to the lower driver requirement to charge

the input capacitance.

Fig. 2: Discharge of intrinsic capacitances in a cascode
GaN-GaN and in a single e-GaN during turn-on
switching. Adapted from [3].

During the turn-off transition, Fig. 3 shows that

the configuration GaN-GaN is less affected by a

strong dv/dt given the voltage distribution between

capacitances. This voltage distribution represents

an advantage in applications of high variations of

dv/dt such as in hard-switching power converters.

In contrast, the higher flow of current through the

parasitic gate inductance in a single e-GaN device

during turn-off transitions increases the potential

risk of false turn-on.
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Fig. 3: Charge of intrinsic capacitances in a cascode
GaN-GaN and in a single e-GaN during turn-off
switching. Adapted from [3].

However, the cascode GaN-GaN configuration

has some disadvantages inherent to this type

of structures (see Fig. 2). The most critical

disadvantage is the influence of the parasitic

inductances between the connections of the GaN

devices. These parasitic inductances can lead to

undesirable oscillations which are critical in high-

frequency operation. Therefore, we address this

issue by designing the layout traces in the GaN-

GaN configuration with a methodology able to

minimize the parasitic inductance.

3 Experimental test of discrete
GaN-GaN configuration

This section describes the experimental setup

to assess and compare the performance of a

discrete cascode GaN-GaN and a single e-GaN.

The experimental setup implements two boost

converters with equivalent characteristics as shown

in Fig. 4 and Fig. 5. In both cases, the

test boards are designed with similar PCB layout,

high-frequency driver, and associated passive

components. The only difference in both cases

is the switching power device. As shown in Fig. 6,

the experimental setup records the power converter

signals given equivalent test conditions for further

comparison.

The two test boards are designed to verify the

switching operation of the discrete GaN-GaN

and the single e-GaN in a high-frequency boost

Fig. 4: High-frequency boost converter using single e-
GaN

Fig. 5: High-frequency boost converter using cascode
GaN-GaN

converter. The test circuit consists of a high-

frequency boost-converter with switching frequency

of 30MHz at 200V input voltage, 400V output

voltage, and a resistive load of 400Ω - 400W . The

test is intended to compare both architectures in

a hard-switching and high-frequency application

given the demanding switching requirements.

Fig. 6: Experimental setup

In a first test, the power converters provides 200V

to a load of 100W using an input voltage of 100V.

In the second case with a higher voltage, the power

converters work under conditions of 200V at the

input and 400V/400W at the load side. The gate

and output voltages are compared in both cases.

Figure 7 shows the gate-source voltage behavior

of the e-GaN device for the test at 200V. In this

case, the distortion of the gate signal is acceptable

in comparison with the allowed threshold voltage

(Vth). After increasing the voltage and power
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Fig. 7: VGS single e-GaN. Case at 200V-100W-30MHz.

requirements, Fig. 8 depicts an important Vgs signal

distortion. Therefore, the output voltage signal also

tends to be distorted and increase the risk of power

device failure. Figure 9 illustrates the distortion of

the output voltage in the single e-GaN configuration

when increase the voltage and power requirements.

Fig. 8: VGS single e-GaN. Case at 400V-400W-30MHz.

Fig. 9: Output voltage of boost converter based on
single e-GaN. Case at 400V-400W-30MHz.

Fig. 10 depicts the gate to source voltage (VGnSn)

of the d-GaN device in the cascode GaN-GaN

configuration. In this case, the output voltage

requirement is 200V and the VGnSn is a safety range.

Additionally, Fig. 11 shows the normal operation of

the output voltage at 200V with a load of 100W.

Fig. 10: VGnSn for d-GaN device in cascode GaN-GaN.
Case at 200V-100W-30MHz.

Fig. 11: Output voltage of boost converter based
on cascode GaN-GaN. Case at 200V-100W-
30MHz.

In contrast with the single e-GaN configuration, Fig.

12 demonstrates that the gate to source voltage

(VGnSn) of the d-GaN maintains an acceptable

distortion. Indeed, the d-GaN has a higher Vth

level which allow a higher distortion level. As a

consequence, the output voltage presents high

robustness when increase the voltage and power

requirements as shown in Fig. 13.

In comparison with the equivalent e-GaN device,

the cascode GaN-GaN configuration shows less

sensitivity to the high dv/dt. In addition, the VGnSn

maintains safety levels when increase the power

conversion requirements. As shown experimentally,

the proposed discrete configuration offers more
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Fig. 12: VGnSn for d-GaN device in cascode GaN-GaN.
Case at 400V-400W-30MHz.

Fig. 13: Output voltage of boost converter based
on cascode GaN-GaN. Case at 400V-400W-
30MHz.

stable output voltage in demanding hard-switching

conditions. The experimental results validate

the high-power high-switching capabilities of the

cascode GaN-GaN configuration. However, the

constraints of this higher performance are slightly

increasing the implementation requirements and

the specific ON-resistance.

4 Conclusion

This paper presented the study and experimental

test of a discrete cascode e-GaN d-GaN in a

high-frequency boost converter of 400V-400W-

30MHz. Experimental results highlighted the stable

performance of the GaN-GaN configuration in

demanding switching conditions due to the reduced

Miller-effect and the lower gate current. Additionally,

gate-source and output voltages showed more

safety signals. In contrast, the behavior of the

single e-GaN under the same testing conditions

showed a decreasing performance while increased

the voltage and power requirements. As a constrain,

the discrete GaN-GaN configuration needed some

implementation care and showed higher specific

ON-resistance. Further work will provide more

details about the selection criteria of the e-GaN

d-GaN devices and will quantify more power

conversion parameters.
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