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Abstract—Wide-bandgap (WBG) devices such as 

Gallium-Nitride (GaN) High Electron Mobility Transistors 
(HEMTs) have become popular in the power electronics industry 
as they offer a lower switching loss, higher thermal capability and 
higher power density than conventional silicon devices. As an 
attempt of applying WBG devices to the wireless charging 
technology, this paper adopts two different types of normally-off 
GaN HEMTs. One adopts the cascode structure provided by 
Transphorm Inc, operated under 800kHz to charge a battery 
pack on an electric scooter at 48 V/500W, with the air gap between 
the transceiver and receiver of ~10cm. The other is 
enhancement-mode GaN HEMTs provided by GaN Systems Inc, 
operated at ~6MHz to use one transceiver to charge multiple cell 
phones @~20W. Both of these chargers have no magnetic cores to 
reduce the cost and weight. Experimental results show both types 
of GaN HEMTs significantly increased the charging efficiency 
over conventional Si devices. Challenges of applying such 
fast-transition devices are discussed, e.g., common-source 
inductance and the gate-drive-loop parasitic. 
 

Index Terms—CoolMOS, GaN HEMT, Wide-bandgap 
semiconductor, wireless power transfer, zero voltage switching. 
 

I. INTRODUCTION 
 PT has several advantages compared to wired solutions, 
as the usability, no wear of connections and the 

possibility to transfer power from one transmitter to multiple 
receivers and vice versa. The earliest occurrence of a Wireless 
Power Transfer (WPT) concept is attributed to Nikola Telsa, 
who in 1900 and 1914 published two patents for wirelessly 
transmitting electrical energy [1, 2]. Since then it was always an 
aim to get rid of the dependence on wired solutions for the 
power transmission. The next remarkable step was done nearly 
100 years later at the MIT in 2006. A great progress was made 
by promoting WiTricity, transmitting 60 W with an efficiency 
of around 40 % over a distance of 2 meters, which gained 
attention all over the world [3]. The concept of WiTricity is that 
two objects having the same resonant frequency tend to 
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exchange energy efficiently, while two non-resonant objects 
exchange little energy. That formed a large interest in various 
sectors of the industry, such as the charging of mobile electric 
devices. There are many studies on contactless battery charging 
for mobile phones with a focus on near-field power 
transmission [4-7]. Additionally, there are approaches by 
embedding transmitter coils under tables, to hide the system in 
everyday use [8, 9]. Applications for medical implants, for 
instance, are also considered to be important due to the 
difficulties in reaching these implants inside the human body 
and the associated costs [10-14]. Other applications include 
mobile laptop charging [15, 16], roadway powered electric 
vehicles [17, 18], integrated circuit power supplies [19, 20] and 
even space vehicle operations [21]. Due to that huge amount of 
applications, industries are establishing and combining wireless 
power standards, as the Wireless Power Consortium (WPC) 
with more than 204 members and its Qi standard specification 
[21-23]. There are also other Associations, like the Power 
Matters Alliance (PMA) [24, 25] with more than 100 members 
and the Alliance for Wireless Power (A4WP) [25, 26] with 
more than 130 members. From the technical point of view, 
analyzing WPT by using equivalent circuit approaches has 
become popular [15][27][28-32]. The most recent introduction 
of WPT technology, is the launch of wireless charging stations 
at Starbucks and IKEA [33, 34] and also a Qi standard wireless 
charger introduced by Samsung [35].  

There is a big market and a huge interest in finding an easy, 
cheap and standardized solution for wirelessly charging mobile 
devices such as mobile phones and electrical vehicle. The 
challenges, however, lie in the efficiency (and to give the power 
flow a direction). Previous studies focused on the efficiency of 
coils when using the resonant technology [36-40]. Meanwhile, 
majority of the loss happens in the power electronics converter. 
To enable such resonant-technology based WPT systems, a 
high-efficiency and high-power-density power electronics 
system is a must. In cell-phone charging systems, Qi standard 
requires the switching frequency ~6MHz, exceeding the 
capability of most Si devices. Wide-bandgap (WBG) devices 
such as SiC and GaN can increase the resonant frequency to 
~MHz level. Such devices are attracting more and more 
attention due to their high electron mobility, which allows 
much faster switching transitions thereby reducing switching 
losses compared to conventional Si devices. This is exemplified 
by the lowest Figure of merit (RDS(on) x QG) of all power 
transistor technologies available today as shown in Fig.  1. GaN 
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has a high breakdown field [41], approximately ten times 
higher than that of silicon. For the same breakdown voltage, 
GaN-based transistors are ~10 times shorter/thinner with 
respect to the silicon counterpart, and this results in a 
significant reduction of the on-resistance of the devices. The 
ultra-fast switching capabilities of GaN, combined with low 
on-resistance and superior thermal performance, enables higher 
efficiency and power density in these applications. It has been 
reported that some applications using GaN HEMTs can push 
the switching frequency to ~MHz and even hundreds of MHz 
[42-46], which significantly shrinks passive components, e.g. 
inductors, capacitors, and potentially resulting in coreless 
transformers or inductors. This is extremely important 
especially in when the magnetic core is not preferred due to the 
weight requirement, e.g., electric scooters. When charging a 
48V battery on scooters or a 5V cell-phone battery wirelessly, a 
heavy receiver equipped with magnetic cores leads to a 
negative customer experience. Furthermore, faster switching 
transitions than Si enables a smaller dead time, thus a better 
PWM resolution and lower harmonic distortion.[41] Most of  
GaN HEMTs available shown as Table I. Compared to SiC 
MOSFETs, GaN HEMTs are focused on <650V applications, 
making it a perfect candidate of low-voltage applications.  

 
Fig. 1.  Merit comparison between different technologies. 

 
TABLE Ⅰ  

POSSIBLE CANDIDATES OF GAN HEMTS 

Part 
Number 

Manu- 
facture 

VDS 
(V) 

Ids 
(A) 

R 
(mΩ) 

Gate 
charge 
(nC) 

Package 

GS66516T GaN  
Systems 650 60 27 13 GaN Px 

9x7.6x0.45 

TPH3205WS Transphorm  
USA 600 36 52 19 TO247 

EPC2034 EPC 200 31 7 8.5 Passivated 
Die 

PGA26E08BA Panasonic 600 15 56 8.5 DFN 8x8 
(BV-Typ) 

NTP8G206N 
ON  
Semi- 
conductor 

600 17 150 6.2 TO 220 
Style 10 

QFN8-HB2-1D Sanken  
Electric 600 20 50  

QFN 
8x8x0.85 

(mm) 
AVJ199R06060A Avogy 650  200  TO 220 

MGG1T0617D MicroGaN  
GmbH 600 30 170 4 Die 
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Fig. 2.  (a) Cascode GaN HEMT structure (b) TO-220 GaN HEMT 
provided by Transphorm Inc. (c) enhancement-mode GaN HEMTs  (d) 
package of 100V/30A E-mode GaN HEMTs  (e). GaNpxTM packaging. 

Both systems adopt Series-Series connection (SSC) 
resonance topology, shown in Fig. 3(a)~(b). Q1-Q4 are GaN 
HEMTs. D1~D4 are Schottky diodes. Cp and Lp are the 
primary-side resonant capacitor and inductor, respectively. Cs 
and Ls are the secondary-side resonant capacitor and inductor, 
respectively. Lm is the mutual inductance. R1 and R2 are the 
internal resistance of the primary and secondary coils, 
respectively. RL is the equivalent load resistance. 
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Fig.  3.  (a) SSC topology based WPT system (b) Equivalent circuit. 

In Section II, a cascode GaN HEMT provided by 
Transphorm is used to build a 48V/500W wireless charger for 
the electric scooter. The switching frequency is ~800 kHz. In 
Section III, an E-mode GaN HEMT provided by GaN Systems 
Inc. is used to build a 20W multiple-cell-phone wireless 
charging systems, operated at ~6MHz. Both chargers 
allow >10cm charging. At the end of each section, the charger 
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will be compared with Si based version in terms of the 
efficiency. Section IV is the conclusion. The ultimate goal of 
this study is not designing the wireless charger, but to 1) 
demonstrate effectiveness of GaN on eliminating the magnetic 
core through working at a high switching frequency, 2) increase 
the efficiency by utilizing the Fig.  of merits of GaN HEMTs, 
and 3) research the challenges and summarize the design rules 
when using such devices.  

II. CASE 1: USING CASCODE GAN HEMTS IN A 
SINGLE-RECEIVER SYSTEM (ELECTRIC SCOOTER) 

A.  Switch Characterization 
Before building such WPT on the scooter, it is important to 

comprehend the switch performance. A double pulse test (DPT) 
bench, shown as Fig.4 is used. No extra anti-paralleled diode is 
used, which allows measuring the actual performance of its 
body diode. Fig. 4(a)~(b) show the DPT test bench. The top 
signals in Fig.4 (c)~(d) are Ids and Vds, the integral of which 
represents the turn-on energy (E-on) and turn-off (E-off) 
energy, measured as 13.8µJ and 6.12 µJ, respectively.  

Table Ⅱ shows the test condition. A brief benchmark 
indicates that nowadays Si MOSFETs with similar voltage and 
current ratings have much larger E-on and E-off. Such GaN 
device provides a much better switching performance, as 
shown in Table Ⅱ. Using such device projects a higher 
efficiency than Si at the same switching frequency. 

 
(a)  

 
(b) 

 
   (c)                                    (d) 

Fig. 4.  (a) DPT Circuit  (b) DPT Hardware  (c) Turn on Waveform (d) 
Turn off Waveform. 

TABLE Ⅱ 
SWITCHING LOSS COMPARISON 

Parameter GaN TPH3002PS Si MOSFET 
FQP9N50C 

Upper Diode TPH3002PS ISL9R1560 
Rated Voltage/Current 600 V/ 9 A 500 V/ 9 A 
On-Resistance 0.29 Ω 0.8 Ω 
Qg 6.2 nC 28 nC 
Test Condition 150V/6A 150V/6A 
Rg 8.2 Ω 8.2 Ω 
Lload 220 uH 220 uH 
Vgs +8.1/-3.9V +12/-5V 
E-on/E-off 13.8 uJ/ 6.12 uJ  30 uJ/ 22 uJ 
Qrr 29 nC 2.95 µC 

B. Coil Design 
Furthermore system parameters extracted through 

ANSYS/Maxwell show the mutual inductance is 5.5156µH and 
the self-inductances of primary and secondary coils are 
30.868µH and 25.619µH, respectively. In addition, the primary 
coil internal resistance is 210mΩ and the secondary coil 
internal resistance is 160mΩ. Coil misalignment is also 
simulated as Fig.5c and d. Since this paper is focused on the 
effectiveness of GaN HEMTs in WPT systems, optimization of 
the coils will be not detailed. 

 
(a) 

 
(b) 

 
(c) 
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(d) 

Fig. 5.  (a) Coil Setups in ANSYS (b) Coupling coefficient vs primary 
coil radius (c) Coupling co-efficient vs misalignment (d) Coupling 
co-efficient vs misalignment and air-gap. 

The resonant capacitances of the primary and secondary side 
are chosen as 1.77nF and 2nF, respectively using Eqn. (1). It is 
assumed that the battery is equivalent to a load resistance 
RL=8/( πVo/Io）. Vo is the battery terminal voltage, Io is the 
battery charging current, sfπω 2= and

sf is 800kHz. 
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Fig. 6.  Voltage gain vs switching frequency. 

Fig. 6 shows the relationship between the system output 
voltage and the switching frequency. The system reaches the 
peak output voltage when the switching frequency is 813 kHz. 

C. Experimental Validation  
Fig. 7(a)~(b) show the hardware prototype with detailed 

parameters shown in Table Ⅲ. Fig. 7(c) shows the H-bridge 
output voltage (green) and the primary-coil current waveform 
(red). Fig. 7(d) shows the Vgs (green) and Vds (red) of the GaN 
device. 

      
                         (a)                                                         (b) 

 
(c) 

 
   (d) 

Fig. 7.  (a) Hardware prototype (front side and back side of the PC) (b) Test 
bench of WPT system (c) Primary H-bridge voltage and current (d) Vgs and Vds 
of one GaN HEMT. 

TABLE  Ⅲ 
TESTING PARAMETERS OF WPT 

Parameter Value 

Switching frequency 813 KHz 
Dead time 90 ns 
PWM duty cycle 43% 
Gate resistance for GaN HEMT 8.2 Ω 
Self-inductance of primary side 30.87 uH 
Self-inductance of secondary side 25.62 uH 
Mutual inductance 5.52 uH 
Input DC-bus voltage 150 V 
Input average current 1.34 A 
Output battery voltage 48 V 
Output battery current 3.8 A 

The experimental data indicates 90.7% overall system 
efficiency from the DC input to the battery terminals. The 
grid-side PFC is not included. As a head-to-head comparison, a 
CoolMOS with the same voltage and current rating as 
TPH3002PS was selected to replace GaN HEMTs. Fig. 8 shows 
the experimental comparison of the total loss under the same 
output power. The system lost soft switching at 600W. Even so 
the system loss using GaN is still much lower than CoolMOS. 
Effectiveness of using GaN HEMTs in this single-Tx-single-Rx 
wireless charging system is validated. 

D. Challenges 
Due to the ultra-fast switching speed, the stray inductance in 

the gate-drive circuit loop needs be extracted and minimized. 
With the TO-247 package, it is difficult to reduce the 
gate-drive-loop area and keep all switches having the 
same-shape gate-drive loop. Shown in Fig. 9(a) and (b) are two 
different layout for two complementary-switch gate-drive loops, 
respectively. Modelling in ANSYS/MAXWELL suggests 
9.4nH and 25nH loop inductance, respectively. An LTSpice  
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Fig. 8.  Experimental loss comparison between CoolMOS and GaN. 

model of the GaN HEMT was employed to investigate the 
impact of gate parameters. Fig 9 (c) show the gate signal Vgs 
with different gate-drive-loop inductance, also it suggest such 
ringing on the gate will result in the voltage spike across the 
drain and source. Even though the maximum voltage spike is 
still far less than 650V, the voltage rating, it is subject to 
increase the switching-off loss. To further increase the 
switching frequency and switching speed, a smaller package for 
reducing the gate-drive-loop area is proposed.  

       
(a)                                              (b) 

 
(c) 

Fig.  9.  (a) PCB Gate-drive loop of Q1 (9.45nH) (b) PCB Gate-drive loop of Q2 
(25nH) (c) Vgs of one GaN HEMT with different loop inductance. 

III. CASE 2: USING E-MODE GAN HEMTS IN A 
MULTIPLE-RECEIVER SYSTEM FOR CELL-PHONE WIRELESS 

CHARGING  
The goal of this application is to power multiple cell phones 

through a wide air gap at 6MHz. Directly using the above 
TO-247 packaged cascode GaN HEMTs sees the obstacle from 
the large gate-loop inductance and the reverse recovery loss of 
the Si-MOSFET body diode. For such application, a 100V 
enhancement-mode GaN HEMT is a better candidate due to its 
no-lead package and ultra-small size. 

A. Switch characterization 
Table.4 shows the parameters of the selected GaN HEMTs. 

The DPT results for such switch are shown in Fig.10. Given 
that such switch has no body diodes, no reverse recovery loss is 
the concern any more. Therefore ZVS is not a must, though still 
preferred at the high-efficiency application. As shown in Fig.10, 
such switch does not see the obvious increment of the switching 
off energy. If possible, employing the ZVS on like Section II 
will get rid of the switching-on loss thereby reaching high 
efficiency. Meanwhile the soft switching technology is 
beneficial to reduce the oscillation on the gate, given that such 
device gate is fragile. Any VGS>10V tends to break down the 
switch. The physical package is ¼ of the TO247, which 
facilitates the system size and parasitic reduction. 

 
Fig . 10.  DPT result of the GS610048. 

TABLE Ⅳ 
 PARAMETERS OF GAN HEMTS 

PARAMETER VALUE OR MODEL 

GAN HEMT GS610048 
VDS RATING 100 V 
IDS RATING 45 A 
GATE CHARGE 6.2NC 
RDSON 15MΩ 
VGS +7V/-5V 

Because of the absence of the body diode, the reverse 
conduction mode of GaN HEMTs is different from Si 
MOSFETs, during which the drain and the source will be 
flipped. When Vgd is higher than the reverse threshold voltage 
Vth_gd, the 2-domensional electron gas (2DEG) of GaN HEMTs 
conducts the current with the voltage drop shown as (2). To 
minimize the dead-band loss, we used 0V to turn off the switch, 
i.e., Vgs_off=0V. When reverse conducting, it will see ~2V 
voltage drop.  

dsondoffgsgdthsd RiVVV +−= __                      (2) 

B. Coil Design 
To utilize such 100V GaN HEMTs, the grid-side PFC needs 

step down the grid voltage to some lower voltage, e.g., 50V, 
then feed such DC voltage to the WPT converter equipped with 
two resonant coils. From Eqn. (2), due to its larger dead-band 
voltage drop than cascoded structure, the DC-bus voltage can’t 
be too low, otherwise the dead-band loss will be relatively high.  

Fig. 11(a) shows the overall topology of the multi-coil 
cell-phone charger, where kRR is the coupling coefficient 
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between the receivers (Rxs) and kTR1 and kTR2 is the coupling 
coefficient between the tranceirver (Tx) and two receivers (Rx1 
and Rx2), respectively. Another approach is to use two Txs 
with multiple Rxs, seen in Fig. 11(b). Two Txs are vertical to 
each other to expand the charging area, shown as Fig.11(c). 
Assume Rxs1/2 are aligned to Txs1/2, respectively. There are 
additional coupling coefficients kTR12 and kTR21 between Tx1 
and Rx2 and Tx2 and Rx1, respectively. All the Txs and Rxs 
are laid out on the PCB to save the cost. 

 
(a) 

 
(b) 

(A) (B)

(C)

(D)

(E)

 
(d) 

Fig. 11.  (a) multiple Rxs to one Tx.  (b) multiple Rxs to multiple Txs. (c)  
A-Control board, B-Tx coil, C- Rx coil, D-test bench and E-two Tx topology. 

 
TABLE Ⅴ 

 MAXWELL SIMULATION RESULTS FOR THE TOPOLOGY IN FIG. 11(D). 
MTR1 / μH MTR2 / μH MTR12 / μH 
0.072622 0.86029 0.012685 
   
MTR21 / μH MTT / μH MRR / μH 
0.010911 0.290073 0.001483 

 
Assume the phones are perfected aligned with their own coils. 

In this test, phone 2 is fixed at d2 = 10 cm and the distance d1 
of phone 1 is varied between 5 and 18 cm. The system is always 
operated at the resonant frequency. An overview and the results 
are shown in Fig. 12(a). As seen in the two-Tx-two-Rx system, 
there is a fight between the Rxs for the charging power.  The 
phone 1 receives the most of the power when it is close to the 
Tx and then gradually loses the power to phone 2.  

To investigate such behavior, self inductance and mutual 
inductance are obtained from Ansys/Maxwell, as seen in 
Fig. 12(b). To make the analysis more general, we randomly 
placed the Rxs at different locations and angles. Introduction of 
the second Rx will slightly alter the mutual inductance between 
Txs and Rxs. However since the system is very frequency 
selective, even such a tiny variation could result in the power 
change. By applying the inductance variation in LTSpice, 
powers are simulated to prove the power performance in the 
tests is in the right way, seen in Table Ⅵ. 

Such power fighting among receivers is difficult to solve, 
given the fact that the mutual inductance will be changed when 
the second or even more receivers are introduced. One effective 
method is to increase the input DC-bus voltage, which will 
increase the charging power for all receivers simultaneously. 
When one cell phone is fully charged, the battery inside the 
phone will be disconnected from the charging system, which 
allows other phones to keep getting charged. 

 
(a) 

 
A                                    B                                        C 

(b) 

Fig. 12.  (a) Two Txs to two Rxs. (b) Simulations results for self and mutual 
inductance.  

 
TABLE Ⅵ 

LTSPICE SIMULATION RESULTS FOR THE POWER IN THE MENTIONED CASES 
A-C. 

Param. P1_A P1_B P2_B Ptot_B P1_C P2_C Ptot_C 
Sim. 

Value 3.4 W 0.9 W 3.1 W 4.0 W 1.6 W 2.2 W 3.8 W 

Test 
Value 3.1 W 0.75 W 3.0 W 3.75 W 1.5 W 2.0 W 3.5 W 
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C. Experimental Validation 
As the head-to-head comparison with silicon devices, an 

AC-DC converter supplied by the grid is designed to provide a 
constant voltage (VCC) to the DC-AC amplifier IXRFD630, 
shown as Fig. 11(a) using silicon technology. Crx1v is another 
capacitor to tune the resonant frequency. The system is 
designed to charge mobile phones with a large freedom of 
movement to realize an easy and user-friendly wireless 
charging when users are interacting with a phone or leave the 
phone on a specific surface. The amplifier is able to generate a 
signal with a frequency of around 6.78 MHz to provide the 
resonator, which is made up by a Tx coil and an impedance 
matching network. A secondary impedance matching network, 
a rectifier and a DC-DC converter are connected to Rx coil to 
charge a phone with a constant 5 V power supply. We define 
this design as Alpha version. Such a 5V power supply (DC-DC 
Converter in Fig.13) also applies to the GaN version. As the 
comparison, 100V GaN HEMTs are used with the topology 
shown in Fig.2a, which is defined as Beta version. 

 
Fig. 13.  Alpha version using Amplifier IXRFD630. 

When testing both versions, the DC-bus voltage is varied 
thereby changing the charging power. Such solution won’t 
solve the power fighting, however will increase all charging 
power together. An experimental comparison is shown as 
below, which indicated that using GaN solutions has a much 
higher efficiency and power than the conventional Si solution. 
Fig.14 shows gate signals of the complementary switches on 
the same leg.  Even though slightly distorted, the switch duty 
cycle is still maintained ~50%@~6MHz. Table.Ⅶ shows the 
GaN-version WPT has much higher efficiency than Si version. 
Note such efficiency is measured from the VCC shown as Fig.13 
to the phone battery.  

 

 
Fig. 14.  The gate signals of two complimentary GaN HEMTs in the same leg. 

TABLE Ⅶ 
COMPARISON OF SI VERSION AND GAN VERSION WPT 

Beta Version Alpha Version Parameters 

GaN H-Bridge Push-pull Topology 
5 cm 5 cm Phone 1 Distance 
10 cm 10 cm Phone 2 Distance 
5V/0.88A/4.4W 5V/0.44A/2.2W Phone 1 Charging V/I/P 
5V/0.6A/3W 5V/0.1A/0.5W Phone 2 Charging V/I/P 
36.7% 21% Efficiency 

D. Challenges 
To minimize the gate-drive loop inductance and the cross 

talking between the gate-drive loop and power loop, the Kelvin 
terminal is usually employed especially in the bottom-cooled 
GaN HEMTs. Once the higher current is needed, paralleling 
switches is required, which encounters the problem brought by 
the common-source inductance. As shown in Fig.15, the loop 
current could be described as Eqn. (3). The induced ringing on 
the gate voltage of HEMT 1 and HEMT 2 is shown as Eqns. (4) 
and (5), respectively. Here iloop means the current circulating 
among paralleled switches. 

)21(*2s1s 21 ZssZssi
dt
di

L
dt
di

L loop +=−                (3) 

21

21
1

21

1_feedbac ZssZss
dt
diLs

dt
diLs

ZssV k +

−
=                         (4) 

21

21
2

21

2_feedbac ZssZss
dt
diLs

dt
diLs

ZssV k +

−
=                      (5) 

 
Shown in Fig.15b, a 1nH difference between the 

common-source inductance (Ls1 and Ls2) of two paralleled 
GaN HEMTs will result in the huge ringing on the gate, which 
will mis-trigger switches or damage the gate. One possible 
solution is a diverse-parameter based gate-drive circuit shown 
in Fig.15c. Instead of using the same gate-drive resistance, we 
purposely placed a bigger gate-resistance for one switch, e.g., 
HEMT 2. When turned on, since they are all ZVS turned on, the 
different turn-on speed will not affect the switching-on 
behaviors. When turned off, HEMT1 will first turn off at ZVS 
condition since HEMT2 is still on. The gate ringing will be 
fully eliminated.  

 
(a) 
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(b)                                                          (c)    

Fig. 15. (a) Equivalent Circuit of Paralleled GaN HEMTs. (b) Gate-drive 
Signals Based on the Conventional Gate-Drive Method. (c) Gate-Drive Signals 
Based on the Proposed Gate-Drive Method. 

A multi-layer PCB could significantly reduce parasitic of 
both the gate-drive loop and power loop by the 
magnetic-flux-canceling technique, i.e., the direction of the 
commutation current on two adjacent layers are opposite so that 
the generated flux outside the loop gets cancelled. Compared to 
the direct-bonded-copper (DBC) substrate, the PCB design 
could easily adopt the multi-layer structure with smaller loop 
area to achieve an excellent magnetic flux canceling effect. As 
shown in Fig.16, The decoupling cap in located under the top 
and bottom switches to minimize the loop area, which in return 
reduces the loop inductance.  Such a half bridge with four GaN 
HEMTs in parallel is modeled in ANSYS Q3D, and the 
power-loop and gate-drive-loop inductance are evaluated by 
Finite Element Analysis (FEA). The power-loop inductance of 
the proposed design is only 0.7 nH. For each paralleled GaN 
HEMT, its quasi-common source inductance is <0.2 nH. 

 
Fig. 16.  Layout of GaN HEMTs Using Flux Cancelling. 

IV. CONCLUSIONS 
In this paper, a high-frequency wireless charging system for 

the electric scooter application using normally-off GaN 
HEMTs is designed. > 90% system efficiency was achieved 
with ~800 kHz switching frequency. Power up to 600 W was 
realized. The switching performance of cascode GaN HEMT 
has been evaluated by both the simulation and experiments with 
power loss analysis given as well.  

Effectiveness of GaN Systems’ E-mode devices is also 
validated by a cell-phone wireless charging case, where two 
cell phones could be charged together. Efficiency of using GaN 
is nearly double of that Si version. 6.6MHz switching is 
realized.  

Overall, experimental results indicated that the performance 
of GaN HEMTs is superior to the conventional Si devices. For 
both applications, we increase the switching frequency so as to 
save the space of the coils, reduce the resonant capacitor to nF 
level and eliminate the ferrite cores. Such devices also have 
their own challenges, e.g., gate-drive-loop and 
quasi-common-mode inductance might affect its reliability and 
parallel. Flux cancelling technique is briefly discussed, which 
is critical when paralleling switches. 

The GaN devices provided by Transphorm has conventional 
TO-247 packages. The long leads and large dies introduces 
higher parasitics, which limit its switching frequency to 
<1MHz. However, the large die area enhances the thermal 
capability, which makes it well positioned in the high-power 
applications. For GaN Systems’ 100V GaN devices, the 
compact design reduces the parastics significantly, which 
explains why the charger can go beyond 6MHz. The small 
thermal area needs be paid attention. In the real practice, we 
usually use multiple in parallel to enlarge the sufficient heatsink 
area.    
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