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A Simple Approach to Improve the Switching Performance of
Cascode GaNFETs

Qiuyang Tan' Shankar Madathil'
! Department of Electronic and Electrical Engineering, The University of Sheffield, UK
E-mail: qtan5 @sheffield.ac.uk’

Abstract —This paper analyses the switching performance of
the cascode GaNFETs on Silicon substrates in three different
PCBs using a double pulse test (DPT). A significant Vgs
ringing is found during experiment. The source side parasitic
inductance of cascade GaN with TO-247 package has been
evaluated to cause significant gate voltage high frequency
ringing. Moreover, reduction in Vgs high frequency ringing
allows further reduction in input capacitance of the cascode
structure. Which indicates a LV Si MOSFET with smaller
input capacitance can be used in cascode GaNFETs. This
enables faster switching transients and boosts the maximum
switching frequency operation of cascode GaN devices, and
thereby making use of the advantages that Gallium Nitride
(GaN) brings. Method to reduce Vgs high frequency ringing
is introduced in this paper. This enables stable switching
transients and enhance the switching performance of
cascode GaN devices, and thereby making use of the
advantages that Gallium Nitride (GaN) brings. Simulation
based on spice model is conducted for verification purpose.

Keywords — Cascode GaNFET, Gate Driver, Parasitics, Spice
Model

I INTRODUCTION

GaN has drawn international attention recently due to its
superior intrinsic property in comparison with current
dominant Si. This allows GaN-based device achieve
smaller die size, higher power density, higher efficiency
compared to that of Si for given voltage and current
capability. Commercial GaN devices can be simply divided
into two categories, which are pure eGaNFETs and cascode
GaNFETs. Pure eGaNFETSs are enhancement mode devices,
which have two critical challenges in terms of low threshold
voltage (about 1.5V) and narrow gate-to-source voltage
operation margin (Max: 7V) [1]-[4]. This makes eGaNFET
gate drive design more difficult and sophisticated, which
also restricts the maximum turn-on dv/dt and di/dt [5].
Cascode GaNFET consists of one LV Si MOSFET and a
HV GaN HEMT, with the detailed configuration as shown
in Fig. 1(a). Unlike e-mode GaNFETs, cascode GaN
devices can exhibit higher gate threshold voltages and
wider Vgs operation margin compared to pure eGaNFETs
[6]—[8]. A large Vgs ringing of cascode GaNFETs with TO-
220/TO-247 package have been reported by Transphorm
Inc. [9]. This Vgs high frequency ringing gives rise to
higher driving losses and switching losses. Moreover, a
larger input capacitance is required to prevent such
significant Vgs high frequency ringing, which reduces the
speed of switching. This leads to a reduction in switching
frequency of the cascode GaN devices. One of the biggest
drawbacks of cascode GaNFETs is slower switching
transient in comparison with pure eGaNFETs. A detailed
key parameter comparison of these two kinds of GaN
devices as shown in Table 1 [10][11].

This paper aims to reduce the Vgs high frequency ringing
in cascaded GaN structure, and thus improve the switching
performance of overall cascode GaNFETs.

Table 1: Comparison between e-mode GaNFET and cascode

GaNFET
Cascode e-mode
Parameter GaNFET GaNFET
(TPH3205WSB) (GS66508B)
Maximum 800 750
transient
protection/V
Gate driving 10 1
voltage safety
margin/V
Gate threshold 24 1.7
voltage/V
Negative gate No Yes
voltage required
Input capacitance 2200 242

(Ciss)/pF

Three different PCBs with different gate loop design are
used to find out the source of this Vgs high frequency
ringing. The source ringing caused by parasitic inductance
(from source of the device to gate driver ground) shows
significant impact on the Vgs high frequency ringing. In an
extreme case, this Vgs high frequency ringing can affect
drain-source voltage, which results in additional unwanted
switching loss. By reducing this parasitic inductance, a
smaller Vgs ringing can be achieved due to reduction in
source ringing, which can significantly reduce the driving
loss of cascode GaNFETs. With reduced Vgs ringing, a LV
Si MOSFET with smaller input capacitance can be used in
cascode structure. This makes the input capacitance for
overall cascode GaNFETs become smaller and therefore
attain faster switching transients and higher switching
frequency.
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Figure 1: (a) Structure of cascode GaN device; (b) Double
pulse test circuit

II. EXPERIMENTAL EVALUATION OF CASCODE GAN DEVICE

GaN Devices (TPH3205WSB) from Transphorm are used
in this work. Double pulse test is used for the test as shown
in Fig. 1 (c), which in addition to the DUT, has a free-
wheeling diode (FFSH3065B-F085). Ascribed to the
ground pin of gate driver is directly connected to source
terminal of the device in order to minimize the common
source inductance (CSI) in PCB. Hence, the majority of
parasitic inductance in gate loop can be categorized into two
parts, namely, gate turn-on inductance and source side
parasitic inductance as depicted in Fig. 4.

With respect to gate driver, a relative faster integrated gate
driver Si 8271 with high CMTI (200kV/us) is used in this
work. In order to boost the turn-off speed, the gate path has
been separated into turn-on and turn-off path with 10Q
(Rgon) and 2Q (Rgoff) resistor respectively. For the
comparison purpose, all three PCBs exhibit similar power
loop design, and Ansys Q3D is used to extract the parasitic
inductance within gate loop of three different PCBs in this
work, and the value of these parasitic inductances as shown
in Table 3.
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Figure 2: Turn-on event @ 400V/3A of (a) original board; (b) 1%
amended board; (c) 2" amended board
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Figure 3: Source side ringing @ Vds=100V of (a) Original
board; (b) 1% amended board; (c) 2" amended board

Table 2: Three PCBs’ key measurement results comparison

1%t amended 2" amended

Parameter Original (w/ external (w/ external
board ferrite bead) ferrite bead)
board board
Turn- Turn- Turn  Turn- Turn-  Turn-
on off -on off on off
Vgspk-pk/V  28.4 10.3 13 10 10.3 10

Vgsmax/V 263 7.8 122 8.1 9.6 8.1
Vdspg-pi/V 438 403 413 406 409 400
Vdsya/V 400 400 397 400 402 399
Source
ringing 18.3 9.9 2.8
@Vds=100
VIV
Source
ringing 510 360 190
duration@
Vds=100V
/ns

Table 3: Three PCBs’ parasitic inductance extraction

1% amended 2" amended
Objective Original (w/ external (w/ external
board ferrite bead) ferrite bead)

board board

Gate turn-on 5.6012 9.4462 4.4326

inductance /nH

Source side
parasitic 10.376 4.2235 1.092
inductance /nH

The Vgs high frequency ringing is mainly caused by the
source side ringing of cascode GaN device, since the shape
of the Vgs ringing is like the source side ringring in terms
of waveform shape and voltage oscillation frequency as
depicted in Fig. 3. The source side ringing is therefore
formed by source side parasitic inductance as shown in Fig.
4. The source side ringing measured is as illustrated in Fig.
4, the measurement probes are directly connected to the
GND pin of gate driver and source terminal of the cascode
GaN device.

Fig. 2(a) shows the original board has significant Vgs and
Vds oscillation, which lead to additional driving loss and
switching loss during transition. In order to find out the
source that causes such voltage oscillations, another two
boards with optional ferrite bead (40Q@100MHz) were
made for comparison purpose. The 1% amended board has
3.84nH higher gate turn-on inductance and 6.1525nH
smaller source side parasitic inductance in comparison with
original board, while the peak-to-peak value of source
ringing and Vgs ringing during turn-on have reduced by
14.2V and 15.4V respectively. Even without the optional
ferrite bead, the 1% amended board shows a significant
reduction in Vgs,y_pi from 28.4V to 14.2V during turn-on
period. In the meantime, there is no significant Vds
oscillation can be observed after amendment. This
demonstrates the importance of this parasitic inductance.
Reduction in source side parasitic inductance can
effectively reduce the source side ringing, and therefore
smaller and shorter gate-source voltage oscillation can be
achieved. With further optimization in 2" amended board,
both Vgs oscillation and source ringing duration become
even smaller and shorter. The V gs,x_,x reduced from 13V
to 10.3V, and the source-side ringing become even smaller,
reduced from 9.9V, _,x 0 2.8V _p,i. By comparing 1% and
2" amended PCBs, the source side parasitic inductance
shows more significant influence on both Vgs and Vds
waveform in comparison to gate turn-on inductance as
depicted in Fig. 2 and Fig. 3. Meanwhile, a smaller source
side parasitic inductance give rise to shorter gate-source
voltage oscillation time, which can further reduce the gate
driving loss. As a result, a careful management with respect
to source side parasitic inductance should be made when
cascode GaN devices is used.
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Figure 4: Source side ringing measurement
III. SIMULATION VERIFICATION

Cadence Orcad is used for simulation verification, and the
simulation circuit is identical with PCB. The original spice
model of the cascode GaNFET is provided by Transphorm
Inc [12]. The spice model has been modified by author in
accordance with practical measurement of the DUT for the
sake of accuracy. The simulation and experimental turn-on
and turn-off waveforms of TPH3205WSB are illustrated in
Fig. 5. Two additional spice models with different input
capacitance were made for verification purpose. Cgs/Cgd
ratio of these two modified spice models remain the same.
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Figure 5: Waveforms of TPH3205WSB (a) 400V/3 A turn-off; (b) 400V/3 A turn-on; (c) 400V/5A turn-off; (d) 400V/5A turn-on

Table 4: Simulation verification @ 400V/3A

Original Spice Spice

Parameter Spice Model 1 Model I

Model

Cys.mosrer/PF 214148 1641.48 1141.48
Ton/ns 35.34 342 30.899
Toff/ns 101 94.9 86.88
Switching 38.2 37.63 37.17

losses/ulJ

Table 4 shows simulation result of three models. According
to simulation result, the reduction in gate-source
capacitance of cascode GaNFET, both Ton and Toff
become smaller. Typically, with 500 pF reduction of Cgs,
the Ton and Toff of the cascode GaNFET can be reduced
by 1.14ns and 6.1ns respectively. With 1000 pF reduction
of Cgs, the Ton and Toff can respectively become 4.441ns
and 14.12ns smaller. As a result, when the gate return path

of cascode GaNFET is carefully designed, the LV Si
MOSFET no longer require that high input capacitance to
prevent source side ringing. Thus, a MOSFET with smaller
gate-source capacitance can be used in cascode structure,
and therefore both turn-on and turn-off transients can be
shorter. This allows cascode GaNFETSs operate at even
higher frequency and result in higher power density higher
efficiency operation for power conversion design.

IV. CONCLUSION

This paper evaluates the impact of source side parasitic
inductance of cascode GaNFETs with TO-247 package via
double pulse test (DPT). A smaller Vgs high frequency
ringing can be achieved by optimizing the source side
parasitic inductance, as a large source ringing is caused by
this parasitic inductance. Thanks to the smaller Vgs ringing
amplitude and shorter Vgs oscillation duration, the cascode
GaNFETs no longer require that high input capacitance. It
is therefore possible to achieve faster switching transients
for cascode GaNFETs by replacing a MOSFET with smaller
input capacitance. Ascribed to Si technology is relatively



mature today, there are lots of LV Si MOSFETs with lower
input capacitance available in the market [13]. In order to
verify the assumption proposed by author, a series of
simulations based on spice model are conducted. According
to the simulation result, the switching speed can be
improved without the cost of gate driving loss and
switching loss. Typically, when a 500pF gate-source
capacitance reduction achieved, the turn-on time (Ton) and
turn-off time (Toff) can be 1.14ns and 6.1ns smaller; when
the gate-source capacitance reduced by 1000pF, the turn-on
and turn-off time can be accordingly reduced by 4.441ns
and 14.12ns. As a result, the source side inductance become
one of the most critical consideration when using cascode
GaNFET.

REFERENCES

[1] E. A. Jones, F. F. Wang, and D. Costinett, “Review of
Commercial GaN Power Devices and GaN-Based
Converter Design Challenges,” IEEE J. Emerg. Sel. Top.
Power Electron., vol. 4, no. 3, pp. 707-719, 2016.

2] N. Kaminski and P. Electronics, “State of the Art and the
Future of Wide Band-Gap Devices UNIVERSITY of
BREMEN Institute for electrical Drives , Power
Electronics , and Devices , Otto-Hahn-Allee , NW1
Keywords Why Wide Band-Gap Semiconductors ? Table
I : Wide Band-gap Material Properties,” Epe 2009, pp. 1—
9, 2009.

[3] M. A. Khan, G. Simin, S. G. Pytel, A. Monti, E. Santi,
and J. L. Hudgins, “New developments in Gallium
Nitride and the impact on power electronics,” PESC Rec.
- I[EEE Annu. Power Electron. Spec. Conf., vol. 2005, pp.
15-26, 2005.

[4] A. Villamor, “From Technologies to Market GaN Power

(3]

[10]

[13]

2018 : Epitaxy , Devices , Applications and Technology
Trends,” no. November, 2018.

W. J. Zhang, Y. Leng, J. Yu, X. Jiang, C. Cheng, and W.
T. Ng, “Gate driver IC for enhancement mode GaN power
transistors with senseFET reverse conduction detection
circuit,” IET Power Electron., pp. 1-8, 2019.

X. Huang, Z. Liu, F. C. Lee, and Q. Li, “Characterization
and enhancement of high-voltage cascode GaN devices,”
IEEE Trans. Electron Devices, vol. 62, no. 2, pp. 270—
277, 2015.

X. Huang, Z. Liu, Q. Li, and F. C. Lee, “Evaluation and
Application of 600 V GaN HEMT in Cascode Structure,”
IEEE Trans. Power Electron., vol. 29, no. 5, pp. 2453—
2461, 2014.

X. Huang, T. Liu, B. Li, F. C. Lee, and Q. Li, “Evaluation
and applications of 600V/650V enhancement-mode GaN
devices,” WiPDA 2015 - 3rd IEEE Work. Wide Bandgap
Power Devices Appl., pp. 113—118, 2015.

Transphorm Inc., “Application Note 0006 Application
Note 0006,” 2017.

GaN Systems Inc., “GS66508P Bottom-side cooled 650
V E-mode GaN transistor Preliminary Datasheet
GS66508P Bottom-side cooled 650 V E-mode GaN
transistor Preliminary Datasheet Absolute Maximum
Ratings ( T case = 25 ° C except as noted ) Parameter
Parameter Ordering Informati,” pp. 1-16, 2018.
Transphorm Inc., “TPH3205WSB 650V GaN FET in TO
-247 (source tab),” vol. 247, pp. 1-13, 2017.
Transphorm Inc., “Posts in the SPICE Models category.”
[Online]. Available:
https://www.transphormusa.com/en/document-
type/spice-models/.

Infenion Technologies AG, “20V-40V N-Channel
Automotive MOSFET.” [Online]. Available:
https://www.infineon.com/cms/en/product/power/mosfet
/20v-800v-automotive-mosfet/20v-40v-n-channel-
automotive-mosfet/.



