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Abstract—This paper aims to evaluate the depletion-mode gallium 

nitride high electron mobility transistor (d-mode GaN HEMT) 

using direct-drive gating and double-pulse-test (DPT) to assess 

switching energy. The gate driving circuit features a modified 

cascode structure for "normally off" operation and a charge-

pump circuit to supply a negative gate voltage for turn-off 

operation. This paper described these features theoretically and 

validated with experimental results. Similar to enhancement-

mode (e-mode) power MOSFETs or HEMTs, adjusting the gate 

drive resistance can affect the switching speed and associated 

losses, but the d-mode GaN HEMTs present an additional feature 

with turn-off loss reduction through gate voltage control. Thus, 

the main contribution of this paper is to propose and demonstrate 

significant turn-off loss reduction using the direct-drive approach 

for d-mode GaN HEMTs. 1    

Keywords—Direct drive, Gate driving, d-mode GaN HEMT, 

modified cascode, DPT, normally on, normally off.  

I. INTRODUCTION  

While the depletion-mode (d-mode) gallium nitride (GaN) 

high electron mobility transistor (HEMT) typically exhibits 

“normally on” characteristic, it can be connected in series with 

a low-voltage silicon (Si) MOSFET to achieve “normally off,” 

which is regarded as a “cascode” device. Conventionally, the 

cascode device ties the gate pin of the GaN HEMT to the source 

pin of the MOSFET to form a negative voltage between GaN 

HEMT gate and source [1,2]. This conventional cascode 

approach is susceptible to electrical overstress and additional 

energy loss mechanisms [3]. In addition, the input capacitance 

of the MOSFET can cause the switching delay. However, this 

cascode approach is relatively straightforward and cost-

effective as long as the MOSFET is well-selected.  

Alternatively, it is possible to make normally-off devices 

using gate-injection transistor (GIT) or by adopting a p-type 

GaN gate to lift the potential of the heterojunction [3,4]. The 

resulting device is considered an enhancement mode (e-mode) 

GaN HEMT which requires a positive gate voltage to turn it on. 

The major concern with the e-mode GaN is its low threshold 

voltage and narrow range that requires a meticulous circuit 

design to prevent it from false triggering.  

Another approach to render the d-mode GaN “normally off” 

is a modified cascode design, which employs a charge-pump 

circuit to provide a negative voltage during turn off and zero or 
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slightly above zero during turn on [5]. In [6-10], the charge-

pump circuit is simplified by adding a capacitor in series with 

the gating path that stores the charge when the gate drive output 

is positive and discharges when the gate drive output is low, 

thus providing a negative voltage to turn off the GaN HEMT. 

In addition, a diode is connected between the gate of GaN 

HEMT and the source of Si MOSFET to clamp the gating 

voltage to zero during turn on and to prevent false turn-on 

during the initial power-up. With only a set of small RC 

components, this modified cascode structure using charge-

pump circuit is also cost effective.  

Instead of using charge-pump approach, there exists an 

integrated circuit that integrates a gate driver, a built-in buck-

boost converter to provide negative gate voltage, and a d-mode 

GaN HEMT [11,12]. Such a direct-drive approach has 

presented several advantages, such as mitigating noise induced 

by parasitic components, overcoming limitation of Si MOSFET 

dv/dt, and reducing its induced switching delay [13-15]. The 

major drawback of the integrated approach is lack of gate-drive 

voltage adjustment flexibility to adapt to different converter 

circuits or different operating modes for possible loss reduction.   

The main aspect of adopting direct-drive approach in this 

study is to take the advantage of the fast switching nature of the 

d-mode GaN HEMT while avoiding the noisy switching caused 

by the Si MOSFET in a conventional cascode device. An in-

house developed GaN HEMT is utilized and tested under 

double pulse test (DPT) condition to characterize its switching 

performance. A commercially available silicon carbide (SiC) 

Schottky diode is adopted as the freewheeling device to avoid 

the reverse recovery effect under the GaN device turn-on 

transient condition. A printed circuit board (PCB) with low 

parasitic inductance is designed to minimize the switching 

delays and associated losses. The device voltage is monitored 

with high bandwidth probes, and the device current is measured 

using a high-precision inductance-less current viewing resistor 

[16]. Despite using a high-bandwidth monitoring setup, the test 

results still need to undergo a de-skew process [17]. The device 

current magnitude needs to be calibrated with inductor current 

to ensure accuracy. Switching energy is obtained by integrating 

the product of device voltage and current.  

Extensive testing has revealed that the d-mode GaN HEMT 

switching behavior closely resembles that of MOSFET device 
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with a notable difference showing its ability to increase the gate 

driving voltage magnitude to accelerate the switching speed, 

which is indeed a desirable feature in applications where turn-

off loss predominates the switching loss, such as a dc-dc 

converter operating under discontinuous conduction mode 

(DCM) or critical conduction mode (CRM) [18, 19], and soft 

switching converters operating under quasi-resonant mode with 

zero-voltage switching (ZVS) or near ZVS conditions [20, 21].  

It should be noticed that the increase of gate driving voltage 

magnitude will increase the reverse conduction voltage drop 

before synchronous rectification engages [10-12]. Therefore, 

adopting the direct drive approach should pay attention to the 

tradeoff between turn-off loss reduction and the increase of the 

reverse conduction voltage drop. For non-bridge type converter 

circuits like quasi-resonant flyback and CRM buck and boost 

converters, the direct-drive approach is always advantageous 

because their switches do not enter the reverse conducting 

mode.  

This paper starts with an overview of the d-mode GaN 

HEMT utilized in the characterization study in Section II. The 

direct gate drive circuit and its basic operation follow in Section 

III. The DPT test circuit and experimental setup are given in 

section IV. Section V presents the initial power-up test results. 

Section VI analyzes the switching loss by varying gate drive 

resistance and gating voltage. Sections VII delves into the 

measurement issues associated with GaN HEMTs. Section VIII 

draws conclusion for the major discoveries and proposes the 

future work. Key contribution is to propose turn-off loss 

reduction method by controlling the gate drive voltage for 

direct-driven d-mode GaN HEMTs.        

II. D-MODE GAN HEMT STRUCTUR AND INTERNAL LAYOUT  

 The device evaluated in this study is an in-house developed 

GaN metal-insulator-semiconductor (MIS) HEMT. The MIS-

HEMT adopts a low-cost silicon substrate and places a 

GaN/AlGaN buffer layer atop. A GaN layer is deposited on top 

of the buffer layer, followed by an AlN space layer, a thick 

AlGaN barrier layer, and finally a GaN capping layer. Its source 

and drain ohmic contact are created by evaporating the 

Ti/Al/Ni/Au multi-layer metal-stack, and the metal gate 

electrode is insulated by a low-pressure chemical vapor 

deposition (LPCVD) silicon nitride (SiN) layer [22-24]. The 

density of the SiN insulator deposited by LPCVD is much 

higher due to the higher deposition temperature (800-900 °C) 

compared to conventional plasma-enhanced chemical vapor 

deposition (PECVD) (< 400°C), resulting in better quality of 

the SiN gate insulator and GaN/SiN interface [25-27]. 

The experimental device has a gate width of 120 mm and is 

packaged in a standard 5x6-mm dual-flat no-leads (DFN) 

footprint. Fig. 1 illustrates (a) active chip area of the bare die in 

a red frame, (b) top view of wire bonding drawing, and (c) 

bottom view of the package. The dimension of the bare die is 

38972316-µm. The wire bonds consist of 15 bond wires each 

for both drain and source and one wire for the gate. The pinout 

follows the industry standard with pins 1, 2, and 3 as the source, 

pin 4 as the gate, and pins 5, 7, 8, and 9 as the drain. Pad 6 is 

tied to the source for heat dissipation.  

 
        (a)  

        
(b)                                   (c) 

Fig. 1 An in-house developed GaN packaged in 5x6 DFN footprint: (a) active 

chip area in red frame, (b) top view of bonding drawing, and (c) bottom view.  

   
Fig. 2. Direct drive using charge pump for a modified cascode device. 

Key parameters of the HEMT device used in the experiment 

are listed in Table 1.  

Table 1: Key parameters of the HEMT device used in this study 

Breakdown voltage VBV 650 V 

On-drop resistance Rds-on  150 m 

Nominal Vth-H –10 V  

Ciss at vgs = –15 V, vds = 200 V 165 pF 

Coss at vgs = –15 V, vds = 200 V 60 pF 

Coss at vgs = –15 V, vds = 200 V 28 pF 

 

III. DIRECT DRIVE GATING CIRCUIT OPERATIONS 

Fig. 2 depicts the direct-drive gating circuit using a charge 

pump to provide a negative voltage for the device to turn off. A 

diode Dp is connected in between the gate pin of HEMT (GH) 

and the source of MOSFET (or ground) such that the voltage at 

GH is clamped to ground when Dp is conducting under gate-on 

condition. This clamping diode Dp not only serves as the 

clamping purpose, but also provides the initial power-up 

protection to prevent the normally-on HEMT from conducting 

before the pulse-width-modulation (PWM) operation.  
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Fig. 3. Device voltage waveforms under repetitive double-pulse operation. 

 
Fig. 4. Gating-on current path showing charge-pump capacitor Cp gets charged 

through clamping diode Dp. 

 
Fig. 5. Gating-off current path showing charge-pump capacitor discharging 

through gate driver. 

 

The driving circuit for Si-MOSFET only works under the 

initial startup condition. Rg1 is selected to have sufficient time 

constant on the MOSFET gating circuit to slow down the 

MOSFET turn-on under the initial startup and to allow charge 

pump capacitor voltage established before the regular PWM 

switching starts. For Rg2, it needs to be large enough to never 

turn off the MOSFET under PWM switching after initial startup. 

The actual PWM switching only turns on and off GaN-HEMT 

while MOSFET remains on all the time, which is the essence of 

the direct drive. 

a. First Pulse Turn-on 

With the normally-on d-mode GaN, it is important that 

adding a low-voltage MOSFET can block the current flow.  

during the initial power-up with a negative gate voltage applied 

to the HEMT. Fig. 3 depicts the conceptual voltage waveforms 

under a repetitive double pulse train that repeats the operation 

from t0 to t10 for a long period, which resembles to the burst-

mode operation of a converter circuit under light load 

conditions. For each pulse train, the initial vgs-H is negative and 

vgs-M is zero, so both devices are initially turned off. The voltage 

from drain of HEMT and the source of MOSFET (vds) is shared 

by the drain-source voltages of HEMT (vds-H) and MOSFET (vds-

M), or 

vds = vds-H + vds-M       (1) 

From t0 to t1:  

When the first pulse is applied at t0, vgs-M and vCp get charged. 
From t0 to t1, the MOSFET gate-source voltage vgs-M reaches the 
threshold voltage Vth-M, and the MOSFET current builds up at t1. 
The turn-on process during period t0-t1 is similar to that of the 
traditional power MOSFET. Eq. (2) expresses the gate-source 
voltage as a function of time [28].   

 
   Mt

gMgs eVtv


  1
   (2) 

Where M = Rg1Ciss-M  and Ciss-M  = Cgs-M + Cgd-M . At t1, vgs-M 

reaches the threshold voltage Vth-M, and the MOSFET conducts. 

For a given Vth-M, the period from t0 to t1 (or t01) can be calculated 

in (3).   
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From t1to t2:  

The operation in this period is quite different from that of the 
conventional power MOSFET or e-mode HEMT because the 
GaN HEMT starts conducting which affects the bottom 
MOSFET operation. Instead of charging Ciss-M during the time 
period t01, the time period from t1 to t2 (or t12) relates to the 
charge of the HEMT input capacitance Ciss-H. The above 
equations can be applied but with the change of parameters from 
the bottom MOSFET to the top HEMT. The entire t12 is the 
period that moves the HEMT gate-source voltage from –Vg to –
Vth-H. At t2, we have 

vds-M(t2) = –Vth-H         (4) 

vgs-H(t2) = –vds-M(t2) = Vth-H    (5) 

With the gate-source voltage of HEMT reaching the threshold, 
the current shuts off, and vds-H remains at zero. The total drain-
source voltage becomes 

vds(t2) = vds-H + vds-M = –Vth-H      (6)  

The period is typically very short and is dependent on gate 
drive resistances and the HEMT threshold voltage.  

From t2 to t3:  

 At t2, the HEMT starts conducting, and its gate current starts 
charging the gate-drain capacitance (Cgd). The t23 period is the 
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well-known plateau period, during which, the HEMT device 
current builds up.  

From t3 to t4:  

  At t3, the gate-source of HEMT vgs-H continues rising by the 
gate charge. At t4, vgs-H is fully charged with a voltage equal to 
the clamping diode (Dp) voltage drop. During t34, with device 
current conducting, vds-M and thus vds drop from –Vth-H down to 

the conducting voltage drop, idsRds.  

Regarding the charging path on the charge pump capacitor 

(Cp) loop, the positive gate supply voltage Vg charges Cp through 

the turn-on resistor Rg-on and clamping diode Dp. Similar to (2), 

the voltage across Cp can be expressed in (7).  

 )1()( pt

gcp eVtv


    (7) 

Where p = Rg-onCp. The charging rate can be adjusted by 

selecting Rg-on and Cp values. Under the steady-state condition, 

vCp = Vg – Vf-Dp, where Vf-Dp is the forward voltage drop of diode 

Dp. The charge pump capacitor Cp needs to be large enough to 

maintain sufficiently high voltage for HEMT turn-off but low 

enough to allow fully charged during turn-on period. For Rg-on, 

the gate driver internal resistance needs to be factored in for 

charging time estimate. The example gate driver used in our 

setup has an internal turn-on resistance of 5 . 

b. First Pulse Turn-off 

Similar to the turn-on gating paths, the gating-off current 

path can be illustrated in Fig. 5. Under the gate-off condition, 

the MOSFET is intended to stay on by selecting a large Rg2 to 

hold the MOSFET gate-source voltage sufficiently high. The 

switching action only applies to the HEMT.  

From t5 to t6:  

The bottom N-type device of the gate driver output stage is 

turned on at t5 when vdpt signal becomes zero. The charge pump 

capacitor Cp is thus discharged through Rg-off. At t6, vgs-H drops to 

the threshold voltage of HEMT, or   

vgs-H(t6) = Vth-H     (8) 

From t6 to t7:  

The drain-source voltage of HEMT (vds-H) starts rising at t6. 

At t7, vds-H reaches the dc bus voltage Vdc, and the device current 

starts dropping to zero. The voltage slew rate can be controlled 

by the gate discharge current, which is a function of Vg 

magnitude and/or Rg-off. A large Vg magnitude or a small Rg-off 

will result in a large gate discharge current, which will increase 

the voltage slew rate and reduce the turn-off loss. This is a 

unique feature of the d-mode GaN HEMT.   

After t7, the device current is zero (ids = 0), and the MOSFET 

voltage drop also drops to zero (vds-M = 0). With a negative 

voltage at the gate of HEMT, GH, diode Dp is blocked. Here we 

assume that the gate driver is a rail-to-rail type that has the gate 

drive output equals Vg under gate-on condition and zero under 

gate-off condition (vgs-H  –Vg). The actual gate drive output 

voltage or internal resistance depends on the individually 

selected driver chip.   

c. Second Pulse Turn-on 

From t8 to t9:  

 
Fig. 6. Power circuit for the double-pulse test. 

The second pulse turn-on starts at t8. Its gating path is the 
same as that of the first turn-on path shown in Fig. 4, but the 
initial MOSFET drain-source voltage is different. The HEMT 
input capacitance charging process in this time period operation 
is similar to that of t12 except that the initial vds-M = 0 is zero in 
this case.   

From t9 to t10:  

At t9, vgs-H reaches Vth-H, the HEMT starts conducting, and its 

gate current starts charging the gate-drain capacitance (Cgd).  

From t10 to t11:  

At t10, the HEMT current build up, and the drain-source 

voltage starts discharging. Unlike the t34 period, the drain-source 

voltage vds was pulled down to –Vth-H, the period from t10 to t11 

period brings vds directly down to the conducting voltage drop, 

idsRds.     

IV. EXPERIMENTAL SETUP  

Fig. 6 depicts the circuit diagram of the device under 

double-pulse test condition. The double pulse tester is an in-

house developed double-pulse-tester (DPT) controller using TI 

DSP 320F28079D. The first pulse width T1 is adjusted to build 

up the inductor current. The second time interval T2 is set to 

form a window for waveform monitoring that consists of a turn-

off falling edge and a turn-on rising edge. The third time 

interval T3 can also be set to observe rising and falling edges. 

Because GaN switching typically settles in 10’s nanoseconds, 

T2 and T3 can be set to a few hundreds of nanoseconds to ensure 

all voltages and currents reach steady states. The entire period 

of T1 through T3 is repeated every two seconds to allow inductor 

current reset to zero while repeating the switching pattern for 

waveform monitoring.    

Fig. 7 shows the photograph of the DPT test setup for the 

direct drive HEMT. The dc bus capacitor Cdc consists of two 

550-V, 47-F local bulk capacitors and two 560-V, 2.2-F film 

capacitors for a maximum test voltage of 550 V. A bypass 

capacitor (Cbp) of 650-V, 47-nF across Vdc and ground node S is 

added to eliminate the switching noise across vgs. A small 

inductor is connected in series with the main inductor to reduce 

the parasitic capacitance. The total inductance L is 470 µH.  
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Fig. 7. Photograph of the DPT power circuits 

 

Table 2 lists the circuit components and their key 

specifications used in this experiment.  
 

Table 2. Circuit components and their key specifications 

Component Part number  Key specifications 

Diode D1 IDL04G65C5XUMA2 650V, 4A 

MOSFET M1 AON7522E 30V, 4m 

Gate driver UCC27511A 20V, 4/8A  

Diode Dp 1N4148  75V, 0.5A 

Bus capacitor Cdc 2 sets of (47µF, 550V + 2.2µF, 560V) 

Bypass Cbp 47nF, 630V 

Inductor L 470µH, 25A 

Capacitor Cp 0.22µF, 25V 

MOSFET Rg1 1k, 0.1W 

MOSFET Rg2 10k, 0.1W 

HEMT Rg-on 10, 0.1W 

HEMT Rg-off 0-10, 0.1W 
 

The gate driver, UCC 27511A, is rated 4-A sourcing current 

with 5- pull-up resistance and 8-A sinking current with 0.375-

 pull-down resistance.  

The device current ids is monitored with a non-inductive 

current viewing resistor (CVR) with 0.0981- resistance and 

1.2-GHz bandwidth. The inductor current iL is monitored with 

a scope current probe to calibrate the device current under turn-

on condition. The drain-source voltage vds is monitored with 

Tektronix TPP0850 rated 800-MHz bandwidth and 1-kV range. 

The gate-source voltages vgs-H and vgs-M and MOSFET drain-

source voltage vds-M are monitored with TPP1000 rated 1-GHz 

bandwidth and 300-V range. The oscilloscope model is 

MDO3104 with 2.5-GHz sampling rate and 1-GHz bandwidth. 

V. INITIAL POWER-UP TEST RESULTS    

Under startup or standby condition, the leakage current of 

device under test (DUT) is charging the MOSFET output 

capacitance, which can cause MOSFET voltage higher than the 

absolute value of the GaN threshold voltage and even resulting 

in avalanche. References [7] and [8] suggested adding a zener 

diode across the MOSFET to avoid avalanche for the direct 

drive circuit. In the conventional cascode configuration, it was 

suggested in [29] that adding a high mega-ohm resistor or anti-

paralleling a zener or Schottky diode to bypass the leakage 

current can avoid the avalanche.  

Our approach is to choose a higher Coss MOSFET to lower 

the voltage across the MOSFET (vds-M). The higher the Coss, the 

lower the vds-M, which also tends to be a lower conduction 

voltage drop. The Si MOSFET shown in Table 2 has been 

successfully tested under startup and regular DPT conditions. It 

was also successfully tested in an in-house designed converter 

circuit that runs into burst mode under no-load condition. In 

some occasions, if the startup or standby time is very long, then 

an external path should be added to bypass the leakage current 

to avoid MOSFET running into avalanche condition.   

Fig. 8 shows the experimental voltage waveforms including 

MOSFET gate-source voltage vgs-M, HEMT gate-source voltage 

vgs-H, MOSFET drain-source voltage vds-M, and the drain-source 

voltage vds measured from the drain of HEMT and the source of 

MOSFET under a repetitive DPT operation.  The measurement 

verifies the conceptual voltage waveforms depicted in Fig. 3 

under Vdc = 100 V and Vg = 16 V condition.  

 
Fig. 8. Experimental drain- and gate-source voltages under a repetitive DPT 

condition. 

Initially vgs-M = 0, and vgs-H = –16V. Using the time periods 

described in Fig. 3, the voltage level during the first turn-on 

period can be summarized as follows.  

From t0 to t1: vgs-M (t0) = 0, vgs-M (t1) = 2 V,  

From t1to t2:  

 vds-M (t1) = 0, vds-M (t2) = 10 V, 

 vgs-H (t1) = = –16 V, vgs-H (t2) = –10V (= Vth-H), 

 vds (t1) = 100 V, vds (t2) = 10 V.  

From t2 to t3: Plateau period as the current building up 

From t3 to t4:  

 vgs-H (t3) = = –10 V, vgs-H (t4) = 0,  

 vds-M (t3) = 10 V, vds-M (t4) = 0 V, 

vds (t3) = 10 V, vds(t4) = 0.  

The experimental voltage waveforms of this first pulse turn-

on period clearly verify that modified cascode structure 

provides the initial blocking and prevents the HEMT from 

turning on. For the time periods from t5 to t7 and t8 to t11, only 

HEMT is involved in switching, and the detailed voltage and 

current waveforms can be seen in the following section.  
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VI. SWITCHING LOSS EVALUATION    

a.  Experimental Voltage and Current Waveforms and 

Switching Energy    

Fig. 9 depicts the voltage and current waveforms during the 

time period T3 of DPT shown in Fig. 6 under Rg-on = 10 , Rg-off 

= 0, Vg = 12 V, and IL = 10 A condition. The first switching 

transition turns on the HEMT with vgs rising from –10.4 to +0.6 

V and vds falling from Vdc to its on-drop voltage. Fig. 9(a) and 

(b) are under Vdc = 400 and 500 V test conditions. With the same 

gate drive circuit condition, their voltage and current slew rates 

are nearly identical. The switching energy clearly increases as 

the dc bus voltage increases.  

Although the CVR has a faster bandwidth than that of the 

voltage probe, a small CVR inserted lead somehow slows down 

the current measurement bandwidth. In the end, the vds and ids 

waveforms match well in time scale coincidently. However, the 

gate-source voltage vgs is leading by four sampling points, which 

needs to be de-skewed.  

To tune gate-source voltage (Vgs) and drain-source current 

(Ids), we can perform de-skew during turn-on where the device 

current Ids starts rising after Vgs passes the threshold voltage (Vth-

HEMT). To tune Vgs and the device voltage Vds, we can perform 

de-skew during turn-off where Vds starts rising after Vgs falls 

below Vth-HEMT. If aligned well, we should see Vds falls right after 

Ids rises to the load current during turn-on and Ids falls right after 

Vds rises to the dc bus voltage during turn-off.  

A detailed de-skew result under the test condition of 500 V, 

15 A is shown in Fig. 10. Fig. 10(a) shows de-skewed voltage 

and current waveforms under turn-on condition. A voltage drop 

of vds can be clearly seen during current rise period where 

dids/dt multiplying with the loop inductance results in a voltage 

drop. Fig. 10(b) shows de-skewed voltage and current 

waveforms under turn-off condition. A voltage drop of ids can 

be clearly seen during voltage rise period where dvds/dt 

multiplying with the device output capacitances results in a 

current drop. Notice that during turn-on, the major portion of 

vds is constant because dids/dt is a constant. However, during 

turn-off, the voltage rise rate is nonlinear due to highly nonlinear 

device output capacitances, and thus ids shows a slope 

throughout the entire voltage rise period.   

With the same measurement condition, the current is 

increased from 2.2 to 15 A, and the switching energy including 

Eon, Eoff, and Esw = Eon + Eoff as a function of device current ids 

are plotted in Fig. 11 under (a) 400-V and (b) 500-V conditions. 

Since the device switching involves charging and discharging of 

the freewheeling diode junction capacitance (Cj) and the device 

output capacitance (Coss), the increase of switching energy is not 

directly proportional to the dc bus voltage. Under this specific 

test condition, Eon and Eoff increase by approximately 40% when 

Vdc is increased from 400 to 500 V. In terms of switching energy 

as a function of current, the measurement results indicate that 

Eon is directly proportional to ids, but Eoff as a function of ids 

shows a slower increasing rate.         

 

 
(a) 

 
(b) 

Fig. 9. Voltage and current waveforms with IL = 10 A, Rg-on = 10 , Rg-off = 0, 
and Vg = 12 V under (a) 400-V and (b) Vdc = 500-V Vdc conditions. 

 
    (a)             (b) 

  Fig. 10. Voltage and current waveforms with Vdc = 500-V, IL = 10 A, Rg-on = 

10 , Rg-off = 5 , and Vg = 12 V under (a) turn-on and (b) turn-off 

conditions. 

  
 (a)    (b) 

Fig. 11. Switching energy as a function of device current with Rg-on = 10 , Rg-

off = 0, and Vg = 12 V under (a) 400-V and (b) 500-V Vdc conditions.   
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(a) 

 
(b) 

Fig. 12. Voltage and current waveforms with Vdc = 500-V, IL = 10 A, Rg-on = 10 

, Rg-off = 5  under (a) Vg = 13 V and (b) Vg = 16 V conditions. 

   
 (a)    (b) 

Fig. 13. Switching energy as a function of gate drive voltage showing (a) 5-A 

and (b) 10-A conditions.   

b. Gate Drive Voltage Effect on Switching Energy  

In bridge-type circuits, there is a short freewheeling period 

that the both upper and lower devices must remain inactive. 

During which, the gate-source voltages of both devices are 

negative. In contrast, for e-mode MOSFETs or HEMTs, their 

gate-source voltages need to be zero or negative. On the other 

hand, the d-mode HEMT offers flexibility of varying gate-

source voltage magnitude under direct driven condition. The 

question is what would be the appropriate gate drive voltage. As 

mentioned in [10], an excessive negative gate-source voltage 

tends to result in a high voltage drop under reverse conducting 

or freewheeling condition, which is disadvantageous in high 

switching frequency operations.  

  
 (a)    (b) 

Fig. 14. (a) Turn-off energy as a function of gate drive voltage; (b) Turn-off 

energy as a function of load current.   
 

However, this paper revealed that a high magnitude of vgs 

could significantly reduce the turn-off loss. This is indeed a 

considerable advantage for non-bridge type converters, as they 

do not require a dead-time period and the associated reverse 

conducting voltage drop.   

To examine the gate drive voltage effect, the study here is to 

fix all the gate drive resistances and test the circuit under various 

gate drive voltage conditions. Fig. 12 illustrates the example 

voltage and current waveforms with Vdc = 500 V, IL = 10 A, Rg-

on = 10 , Rg-off = 5  for (a) Vg = 13 V and (b) Vg = 16 V 

conditions. To assesses the turn-off energy (Eoff), this set of 

waveforms starts with turn off as the first transition, or the T2 

period depicted in Fig. 6.    

Comparing the switching energy, the case with Vg = 16 V 

versus Vg = 13 V indicates a significant loss reduction. The total 

switching energy drops from 80 to 64 J, or 20% reduction. By 

examining the details, such a loss reduction only comes from 

device turn-off, which clearly indicates a much faster turn-off 

voltage slew rate, and thus lowering the switching loss. By 

comparing the turn-off loss along, Eoff is reduced from 43.1 to 

28.6 J, or 33% reduction. Further comparison with Vg = 12 V 

shown in Fig. 9(b), both Eon and Esw are much higher than those 

under Vg = 13 and 16 V conditions.  

Fig. 13 compares switching energy as a function of gate drive 

voltage Vg from 12 to 16 V for (a) IL =  5 A and (b) IL = 10 A 

under Vdc = 500 V, Rg-on = 10 , Rg-off = 5  condition. Both 

plots in Fig. 13 indicate that turn-on energy is constant disregard 

the magnitude of the gate drive voltage.  The turn-off energy, 

however, reduces asymptotically, and the highest loss reduction 

segment occurs when Vg varies from 12 to 13 V. From 15 to 16 

V, the gain on turn-off loss reduction becomes less noticeable.  

With the same Vdc = 500 V, Rg-on = 10 , Rg-off = 4.7  

condition, Fig. 14(a) further plots Eoff as a function of Vg under 

different device current conditions. The higher the device 

current, the clearer the Eoff reduction with increased Vg 

magnitude. This can be seen in Fig. 14(b), which plots Eoff as a 

function of ids under different Vg conditions with 12, 13, and 16 

V for clear separations. Under all current conditions, the turn-

off reduction reaches 50% by increasing Vg from 12 to 16 V.    

It should be noticed that the experimental HEMT has a 

threshold voltage of –10V. With direct drive, there is a voltage 

drop at the clamping diode Dp. Adding a small voltage drop at 

the gate driver, the actual vgs is very close to Vth-H when Vg = 12 

V. In other words, the injected negative current to turn off the 

device is small when the magnitude of Vg is not high enough.  
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Fig. 15. Exploded view of HEMT vgs, vds, and Eoff waveforms under ids = 5 A, 

Vdc = 500V, Vg = 12, 13, and 16 V conditions. 

 

Fig. 15 further examines the waveforms in detail showing 

exploded view of HEMT vgs, vds, and Eoff waveforms at the turn-

off transition under ids = 5 A, Vg = 12, 13, and 16 V conditions. 

Under the initial turn-on condition, vgs is the voltage drop across 

Dp and is +0.6 V, With Vg = 12 V, vgs is –10.4 V under turn-off 

condition. Similarly, with Vg = 13 and 16 V, vgs is –11.4 V and 

–14.4 V, respectively, under turn-off condition. When vgs 

transitions from turn-on to -off, during the plateau period, vds 

rises to Vdc with a small overshoot caused by the loop parasitic 

inductance. The higher the gate voltage, the faster the vds slew 

rate and voltage overshoot, while the lower turn-off energy.     
 

c. Gate Resistance Effect on Turn-off Energy  

Fig. 15 suggests that the alternative turn-off loss reduction 

method is to shorten the plateau period by reducing Rg-off because 

of the reduction of Miller capacitance (Crss) discharging time. To 

verify Rg-off effect, Fig. 16 compares detailed voltage and current 

waveforms for Rg-off = 0, 4.7, and 10  under Vdc = 500 V, Vg = 

12 V, and ids = 10 A condition. With Rg-off = 0, the turn-off speed 

is fastest due to the smallest Crss discharging time constant.  

Comparing Rg-off = 0 and 10 , the plateau period is reduced 

by 50%, or from 44 ns to 22 ns. This plateau period reduction 

also translates to 50% turn-off loss reduction (from 82 to 41 µJ) 

because during which the current maintains constant while the 

voltage is rising. At the end of the plateau period, ids drops from 

10 A to zero within 4 ns with Rg-off = 0 and 8 ns with Rg-off = 10 

. The waveforms indicate that while a low Rg-off can lower Eoff, 

the penalty is high voltage slew rate on vds and its potentially 

associated electromagnetic interference (EMI).     

     

 
Fig. 16. Exploded view of HEMT vgs, vds, and Eoff waveforms under ids = 10 A, 

Rg-off = 0, 4.7, and 10  conditions. 

 

    
 (a)    (b) 

Fig. 17. (a) Eoff as a function of ids under different Rg-off conditions and (b) Eoff as 

a function of Rg-off under different ids conditions.   

 

Fig. 17(a) plots the turn-off energy Eoff as a function of the 

device current ids under different Rg-off conditions. Again, by 

reducing Rg-off from 10  to 0, Eoff is reduced approximately 50% 

under all different current conditions. It should be noticed that 

Eoff contains both channel turn-off energy and output 

capacitance (Coss) related charge energy Eoss, which is associated 

with the square of drain-source voltage [30]. As Eoff is 

approximately linearly increased with ids, it is possible to extend 

the curve down to ids = 0 to obtain Eoss under different Rg-off 

condition. Fig. 17(b) plots the turn-off energy Eoff as a function 

of Rg-off under different ids conditions. Similar to the above 

argument on Eoss, even if ids = 0, Eoss still exists, and Eoff will not 

reduce to zero under different Rg-off condition.      

VII. DISCUSSION ON MEASUREMENT ISSUES 

Despite being developed in-house, the GaN HEMT still 

needs wire-bonding and packaging for circuit testing. Thus, the 

parasitic components are unavoidable in the PCB layout. The 

noise and oscillation after switching transient are quite severe 

under fast switching transients. With a finite wire length from 
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the power supply to the circuit board under test, sufficient bulk 

and bypass capacitors are necessary on PCB to ensure a stable 

dc bus voltage.   

Three significant measurement challenges were found in the 

GaN HEMT device characterization:   

1. Matching of the bandwidths of the voltage probes and 

current measurement. Before the use of matched high-

voltage, high-bandwidth voltage probes, we found 

significant differentials and inconsistencies in their 

response time and overshoot during transients, and it 

was very difficult to de-skew.  

2. Sampling rate of the oscilloscope. The one used in this 

characterization is 2.5 GHz, which means the highest 

sampling resolution is 400 ps. With the GaN current 

fall time <4 ns under Vg = 12 V and Rg-off =0 turn-off 

condition, each transient can only sample less than 10 

points, which is insufficient to precisely measure the 

switching performance.   

3. Similar to the above issue, the oscilloscope should 

have sufficient number of bits for the vertical 

resolution.   

VIII. CONCLUSION 

As the commercial devices were unavailable, we employed 

the in-house developed device to characterize the d-mode GaN 

HEMTs and revealed several distinctive switching features 

under direct-drive gating condition. The basic switching 

features were first described theoretically and then validated 

through extensive testing with an in-house developed DPT 

tester.   

Major findings and contributions include  

1. Initial power-up can be protected with a modified 

cascode architecture by using a diode to replace the 

wire from the HEMT gate to the MOSFFET source.  

2. Turn-off energy can be significantly reduced by 

increasing the gate drive voltage. A large magnitude 

of the HEMT gate-source voltage can induce a high 

gating current to accelerate the device turn-off 

process. This specific feature does not exist in e-mode 

HEMTs or conventional power MOSFETs.  

3. Turn-off energy can also be decreased by reducing the 

gate drive resistance. This is a feature also found in e-

mode HEMTs and conventional power MOSFETs, 

and the effect is quite similar to that of increasing the 

gate drive voltage as it shortens the plateau period.  

4. Turn-on energy is not affected by the negative gate 

drive voltage magnitude.  

 

Even though the turn-on energy is also important in many 

applications, its loss reduction feature is not addressed in this 

paper because the turn-on energy involves the opposite-side 

device and its reverse recovering characteristic. Furthermore, in 

most soft-switching converters, turn-on energy is negligible, 

making it less of a concern. To further explore turn-on losses, 

the converter circuit and its specific operating mode need to be 

well defined.  

Future work can be directed to a comprehensive evaluation 

and comparison between the conventional cascode and direct-

driven HEMT devices.   

REFERENCES 

[1]. U. K. Mishra, P. Parikh, and Y.-F. Wu, “AlGaN/GaN HEMTs - An 

Overview of Device Operation and Applications,” Proc. Of the IEEE, vol. 

90, no. 6, pp. 1022-1031, 2002.  
[2]. K. J. Chen, O. Häberlen, A. Lidow, C. L. Tsai, T. Ueda, Y. Uemoto, and 

Y. Wu, “GaN-on-Si power technology: Devices and applications,” IEEE 

Trans. Electron Devices, vol. 64, no. 3, pp. 779–795, Mar. 2017. 
[3]. S. Bahl and M.D. Seeman, “New Electrical Overstress and Energy Loss 

Mechanisms in GaN Cascodes,” Proc. IEEE Appl. Pwr. Electron. Conf. 

and Expo. (APEC), Charlotte, NC, Mar. 2015, pp. 1262-1265.  
[4]. M. Ishida, T. Ueda, T. Tanaka, and D. Ueda, “GaN on Si technologies for 

power switching devices,” IEEE Trans. Electron Devices, vol. 60, no. 10, 

pp. 3053–3059, Oct. 2013.  
[5]. M. Dong, J. Elmes, M. Peper, I. Batarseh and Z. J. Shen, “Investigation 

on inherently safe gate drive techniques for normally-on wide bandgap 

power semiconductor switching devices”, Proc. 2009 IEEE Energy 
Conversion Congress and Exposition (ECCE), San Jose, CA, 2009, pp. 

120-125.  

[6]. Yoshida, H. Umegami, F. Hattori, M. Yamamoto, and A. Yamaguchi, 
“Gate drive circuit for normally on type GaN FET”, Proc. 2013 IEEE 

International Conference on Electric Power Equipment - Switching 

Technology (ICEPE-ST), Matsue, Japan, Oct. 2013, pp. 1-4.  
[7]. B. Zojer, “A New Driving Concept for Normally-on GaN Switches in 

Cascode Configuration,” Proc. 2016 IEEE Appl. Pwr. Electron. Conf. and 
Expo. (APEC), Long Beach, CA, Mar. 2016, pp. 996-1001.  

[8]. M. Koyama, K. Ikeda, and K. Takao, “Novel cascode GaN module 

integrated a single gate driver IC with high switching speed 
controllability,” Proc. 2018 IEEE EPE/ECCE Europe, Riga, Lativa, Sep. 

2018, pp. 1-8.  

[9]. T. Sugiyama, H. Hung, Y. Isobe, A. Yoshioka, T. Yasuzumi, Y. Sato, M. 
Tsuji, Y. Liu, S. Umekawa, Y. Kajiwara, M. Koyama, K. Ikeda, “Stable 

cascode GaN HEMT operation by direct gate drive,” Proc. 2020 

International Symposium on Power Semiconductor Devices and ICs 
(ISPSD), Sep. 2020, Vienna, Austria, pp. 23-26.  

[10]. V. Heumesser, J.-S. Lai, H.-C. Hsieh, J. Hsu, C.-Y. Yang, E. Y. Chang, 

H.-K. Ko, W.-H. Liu, L. Y.-M. Lin, "D-Mode GaN HEMT with Direct 
Drive," Proc. IEEE WIDPA-Asia, Hsinchu, Taiwan, Aug. 2023. 1-6. 

[11]. S.-Y. Yu, “Performance evaluation of direct drive high voltage Gallium-

Nitride devices in LLC series resonant,” IEEE Workshop on Wide 
Bandgap Power Device and Applications, Fayetteville, AR, Nov. 2016, 

pp. 64-69.   

[12]. https://www.ti.com/power-management/gallium-nitride/products.html 
[13]. V. Heumesser, J.-S. Lai, H.-C. Hsieh, J. Hsu, C.-Y. Yang, E. Y. Chang, 

C.-Y. Liu, W.-H. Chieng, Y.-T. Hsieh, "Cascode CaN HEMT Gate 

Driving Analysis," Proc. IEEE WIDPA-Asia, Hsinchu, Taiwan, Aug. 
2023, pp. 1-6. 

[14]. X. Huang, Q. Li, Z. Liu, and F. C. Lee, “Analytical loss model of high 

voltage GaN HEMT in cascode configuration,” IEEE Trans. on Power 
Electron., vol. 29, no. 5, pp. 2208-2219, May 2014.  

[15]. Z. Chen and J.R. Guitart, “Dv/dt Immunization Limit of LV MOSFET in 

Cascode GaN FET and dv/dt Safe Chart for MOSFETs,” Proc. IEEE 
Appl. Power Electron. Conf. (APEC-2017), Tampa, FL, Mar. 2017, pp. 

1946-1949.   

[16]. T & M Research Products, Inc., Series SDN CVR Products, 
https://www.tandmresearch.com/ 

[17]. V. Shivaram, NH Srikrishna, N. Hegde, B. Shubha, Y. Pai, M. Venkatraj, 

“A Method to De-Skew Probes and Estimate Power Loop Inductance of 
WBG-DPT Circuits,” Proc. 2023 IEEE Appl. Pwr. Electron. Conf. and 

Expo. (APEC), Orlando, FL, USA, Mar. 2023, pp. 2469-2473.  

[18]. K. Yao, H. Tang, C. Ma, and C. Wu, “Constant Switching Frequency 
Control for CRM Buck PFC Converter,” IEEE Journal of Emerging and 

Selected Topics in Power Electron. (JESTPE), vol. 8, no. 4, pp. 4223-

4234, Dec. 2020.  
[19]. J.-C. Crebier, B. Revol, and J.-P. Ferrieus, “Boost-Chopper-Derived PFC 

Rectifiers: Interest and Reality,”, IEEE Trans. On Ind. Electron., vol. 52, 

no. 1, pp. 36-45, Feb. 2005.  



10 

 

[20]. C. Wang, S. Xu, S. Lu, and W. Sun, “A Single-Switched High-Switching-

Frequency Quasi-Resonant Flyback Converter,” IEEE Trans. On Pwr 
Electron., vol. 34, no. 9, pp. 8775-8786, Sep. 2019.  

[21]. L. Xue, X. Tian, and H. Cui, “Implementation of Time Division 

Multiplexing With Commercial Flyback Controller for Multi-Outputs 
USB Power Delivery Charger” IEEE Open Journal of Power Electron., 

pp. 665-678, vol. 3 2022. 

[22]. S.-C. Liu, B.-Y. Chen, Y.-C. Lin, T.-E. Hsieh, H.-C. Wang, and E. Y. 
Chang, “GaN MIS-HEMTs With Nitrogen Passivation for Power Device 

Applications,” IEEE Electron Device Lett., pp. 1001-1003, vol. 35, no. 

10, Oct. 2014.  
[23]. S.C. Liu, G.M. Dai, and E. Y. Chang, “Improved Reliability of GaN 

HEMTs Using N2 Plasma Surface Treatment,” Proc. 2015 IEEE 

International Symposium on Physical and Failure Analysis of Integrated 
Circuit, Hsinchu, Taiwan, June 2015, pp. 1-4.  

[24]. C.-Y. Yang, T.-L. Wu, T.-E. Hsieh, E. Y. Chang, “Investigation of 

Degradation Phenomena in GaN-on-Si Power MIS-HEMTs under Source 
Current and Drain Bias Stresses,” Proc. 2018 IEEE International 

Reliability Physics Symposium (IRPS), Burlingame, CA, Mar. 2018, pp. 

1-4. 
[25]. X. Wang, S. Huang, Y. Zheng, K. Wei, X. Chen, G. Liu, T. Yuan, W. 

Luo, L. Pang, H. Jiang, J. Li, C. Zhao, H. Zhang, and X. Liu “Robust SiNx 

/AlGaN Interface in GaN HEMTs Passivated by Thick LPCVD-Grown 
SiNx Layer” IEEE Electron Device Letters, vol. 36, no. 7, July 2015, doi: 

10.1109/LED.2015.2432039 

[26]. S.A. Jauss, K. Hallaceli, S. Mansfeld, S. Schwaiger, W. Daves, and O. 
Ambacher “Reliability Analysis of LPCVD SiN Gate Dielectric for 

AlGaN/GaN MIS-HEMTs” IEEE Trans. on Electron Devices, vol. 64, no. 
5, May 2017, doi: 10.1109/TED.2017.2682931 

[27]. Y. Qi, Y. Zhu, J. Zhang, X. Lin, K. Cheng, L. Jiang, and H. Yu 

“Evaluation of LPCVD SiNx Gate Dielectric Reliability by TDDB 
Measurement in Si-Substrate-Based AlGaN/GaN MIS-HEMT” IEEE 

Trans. on Electron Devices, Volume: 65, Issue: 5, May 2018, doi: 

10.1109/TED.2018.2813985 
[28]. Y. Ren, M. Xu, J. Zhou, F.C. Lee, “Analytical Loss Model of Power 

MOSFET,” IEEE Trans. on Power Electron., vol. 21, no. 2, pp. 310-319, 

Mar. 2006.  
[29]. R.K. Lal et. al,, “Method of Forming Electronic Components with 

Increased Reliability,” United States Patent, US9,171,836 B2, Oct. 27, 

2015.  
[30]. H. Wen, D. Jiao, C.-S. Yeh, and J.-S. Lai, "Channel Turn-off Energy 

Model for Zero-Voltage Switching Wide Bandgap Devices," IEEE 

Journal on Emerging and Selected Topics in Power Electron., vol. 9, no. 
4, pp. 4016-4025, Aug. 2021. 

 

 

Jih-Sheng (Jason) Lai (S’85–M’89–SM’93–

F’07-LF’19) received M.S. and Ph.D. degrees in 

electrical engineering from the University of 
Tennessee, Knoxville, in 1985 and 1989, 

respectively. In 1989, he joined the Electric 

Power Research Institute (EPRI) Power 
Electronics Applications Center (PEAC), where 

he managed EPRI-sponsored power electronics 

research projects. In 1993, he then joined the Oak 
Ridge National Laboratory as Power Electronics 

Lead Scientist, where he initiated a high power 

electronics program and several novel high power 
converters including multilevel converters and soft-switching inverters. In 1996, 

he joined Virginia Polytechnic Institute and State University. Currently, he is 

the James S. Tucker Professor at Electrical and Computer Engineering 
Department and Director of Future Energy Electronics Center. He also holds 

Visiting Mount-Jade Chair Professorship of the National Yang Ming Chiao 

Tung University, Taiwan. His main research areas are in high-efficiency power 
electronics conversions for high power and energy applications. He published 

more than 510 refereed technical papers and 30 US patents. He received 

Technical Achievement Award in Lockheed Martin Award Night, 2 Journal 
Paper Awards, and 14 Best Paper Awards from IEEE sponsored conferences. 

He was the awarded as a U.S. Fulbright Specialist from 2023 to 2026. In 2016, 

he received IEEE IAS Gerald Kliman Innovator Award. He led the student 
teams to win 2024 Net-Zero Tech International Contest Grand Champion, 2022 

Taiwan Tech Innovation Excellence Finalist Award, 2016 Google Little Box 

Challenge Top Three Finalist, 2011 IEEE International Future Energy 

Challenge Grand Prize, and 2009 TI Engibous Analog Design Competition 

Grand Prize. Dr. Lai has been the general chair of 10 IEEE conferences 

including 2005 Applied Power Electronics Conference and Exposition.   

 

Hsin-Che Hsieh (S’19–M’24) received the B.S. 
and M.S. degrees in electronic and computer 

engineering from National Taiwan University of 

Science and Technology (Taiwan Tech), Taipei, 
Taiwan, in 2014 and 2016 respectively. He received 

the PhD in electrical engineering from Virginia 

Polytechnic Institute and State University (Virginia 
Tech), Blacksburg, VA, USA in 2023. He is 

currently working as a postdoctoral associate at 

future energy electronics center at Virginia Tech. 
His research interests include resonant power 

converters and wireless power transfer technology. 

 

 

Ching-Yao Liu (S’22) received the B.S. and M.S. 
degrees in mechanical engineering in 2018 and 

2021, respectively, from National Yang-Ming 

Chiao-Tung University, Hsinchu, Taiwan, where 
he is also working toward the Ph.D. degree with 

power electronics. 
He is currently a visiting scholar with Future 

Energy Electronics Center, Virginia Tech. His 

research interests include design of high frequency 
short pulse laser driver, driving circuits for cascode 

GaN HEMT, and the characterization, paralleling 

and applications in wide-bandgap power devices. 
 

 

 
Wei-Hua Chieng received the B.S. degree in 

mechanical engineering from National Tsing Hua 

University, Hsinchu, Taiwan, in 1982, and the two 

M.S. degrees in mechanical engineering and in 

electrical engineering and the Ph.D. degree in 

mechanical engineering from Columbia 
University, New York, NY, USA, in 1986, 1987, 

and 1989, respectively. 

Dr. Chieng was the recipient of an IBM 
Manufacturing Fellowship, from 1987–1989. In 

1989, He joined the National Yang-Ming Chiao-

Tung University, Taiwan. He is currently a 
Professor with the Department of Mechanical Engineering and the Vice-Dean 

of the College of Engineering. His research interests include automated control, 

mechatronics, and microelectromechanical systems. 
 

 

 
Chih-Yi Yang received the Ph.D. degree in 

International College of Semiconductor 

Technology from National Yang-Ming Chiao-Tung 

University, Hsinchu, Taiwan in 2023, where he is 

currently working toward the Postdoc research. He 

has been working in the field of GaN power for 
many years during his Ph.D. research and has 

successfully fabricated high-performance GaN 

HEMTs with over 1.5 kV breakdown voltage and 
high radiation tolerance for power applications. He 

has also successfully developed the GaN Schottky 

barrier diode with high breakdown voltage and 
achieved great performance of turn-on voltage. His research interests include 

the design and process integration optimization of high-power GaN HEMT 

transistors and Schottky barrier diodes, as well as electrical measurement and 
failure analysis for power devices. 

 

 



11 

 

 

 

Chang-Shun Hsu received M.S. degree in Applied 

Physics from the National Taiwan University in 
2013. In 2013, he joined the Applied Materials 

Taiwan, where he managed wafer defect inspection 

tools of semiconductor manufacturing. In 2019, he 
joined Taiwan Semiconductor Manufacturing 

Company Limited as yield enhancement engineer, 

where he searched possible root causes of low yield. 
In 2020, he joined International College of 

Semiconductor Technology, National Yang Ming 

Chiao Tung University for GaN high power 
semiconductor manufacturing. In 2024, he joined 

Taiwan Power Company as an engineer responsible for high voltage electricity 

transmission. 
 

 

 

 

Edward-Yi Chang (S'85–M'85–SM'04-LF'19) 

received the B.S. degree in Materials Science 
and Engineering from National Tsing Hua 

University, Hsinchu, Taiwan, in 1977 and Ph.D. 

degree in Materials Science and Engineering 
from the University of Minnesota, Minneapolis, 

MN, USA, in 1985. 
He is currently the Dean of International 

College of Semiconductor Technology (ICST) 

with National Yang-Ming Chiao-Tung 
University (NYCU), Hsinchu, Taiwan, where 

he is also the Chief Director of Microelectronics 

and Information Research Center (MIRC), and the Head of NYCU-TSMC 
Research Center and the professor of the Department of Materials Science and 

Engineering and the Department of Electronics Engineering. He founded the 

first Taiwan GaAs components company, Hexawave Inc., in 1992, and became 
the President of company in 1997. His research interests include III-V sub-

millimeter wave high frequency device applications and packaging, GaN-on-

Si, GaN-on-SiC, GaN-on-Sapphire high-power device epitaxy and processing. 
  

 

 

 

 

 
 

 

 

 

 


