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Abstract— In this paper, the reverse conduction behavior of a
Cascode Configuration (CC), combining a High-Voltage (HV)
SuperJunction MOSFET (SJ-FET) and a Low-Voltage silicon
MOSFET (LV-FET) is deeply scrutinized by means of an
analytical model and experimental data. The reverse recovery
charge (Qr) of SJ-FETs in CC with LV-FETs (SJ-CCs) is
investigated in this work. As a result of the study, it has been found
that the proposed SJ-CC avoids or mitigates the conduction of the
SJ-FET body diode during reverse conduction. As consequence,
the Qrr achieved by the CC is several times lower than in the case
of the standalone configuration. Moreover, the Q. reduction
achieved results in record-low @, for 600 V-range silicon
transistors at a fixed on-resistance (Rpson).

Keywords—Cascode configuration, SuperJunction MOSFET,
reverse conduction, reverse recovery charge (Q:), silicon.

1. INTRODUCTION

As aresult of an application-oriented strategy, High-Voltage
(HV) SuperJunction MOSFETs (SJ-FETs) are optimized to
reduce the Reverse Recovery (RR) when addressing specific
circuit topologies (e.g. converters with synchronous rectification
[1]-[2]), in order to mitigate its effect on switching losses [3].
The RR optimization normally implies reduction of RR charge
(QOr), RR peak current (I,»,) and RR time (z,), as well as
softening waveform snappiness. Despite Schottky diodes co-
integration was initially proposed [4], commercial SJ-FETs with
enhanced RR are mainly based on irradiation process [5]. Device
irradiation normally requires special facilities, thus adding cost
and jeopardizing other electrical parameters such as threshold
voltage (Vru), on-resistance (Rpson) or leakage current. Some
studies propose methods to improve RR in SJ-FET's by complex
circuit topologies and driving techniques [6]-[8]. Other works
suggest the use of SiC or GaN transistors to efficiently tackle
RR, disregarding their unviability in cost-sensitive applications
[9]. Differently from the prior literature, this paper proposes a
Cascode Configuration (CC) combining a SJ-FET and a Low-
Voltage silicon MOSFET (LV-FET) to improve RR with a low-
cost full-silicon solution.

During the last 5 years, the CC has become the preferred
approach for some semiconductor companies to achieve
normally-off GaN and SiC power switches [10]-[14]. In [15]-
[16], the use of a SJ-FET in CC with a LV-FET (SJ-CC) is
proposed to reduce switching losses (see Fig. 1a). The authors
of the present paper recently published a theoretical model of the
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Fig. 1. SuperJunction MOSFET in Cascode Configuration with a Low-Voltage
silicon MOSFET (SJ-CC): (a) Ideal circuit schematic. (b) Plug-in board with
SJ-CC prototype.

switching mechanism during forward conduction of SJ-CCs
with special focus on the critical parasitic elements [17].They
also demonstrated that the SJ-CC outperforms the SJ-FET in
standalone configuration when is used in some ultra-fast hard-
switching and high-forward-current operation conditions [18].
However, none of the previous works deep dives into the reverse
conduction behavior of the SJ-CC.

The aim of this paper is to model the reverse conduction
behavior and to prove the O, reduction achieved when a SJ-FET
optimized for hard-switching is used in CC instead of in
standalone configuration. Moreover, the Q,- improvement is
evaluated by comparison with the state-of-the-art of irradiated
SJ-FETs. The paper is organized as follows. The reverse
conduction of SJ-CC is detailed in section II. This section
includes the reverse conduction analytical model, its validation
by measured reverse conduction curves and the benefits and
drawbacks of the SJ-CC in comparison with the standalone
configuration. Section III is focused on Q,, measurements. It
includes the details of the test bench developed to measure Q,,
a deep analysis of the Q,, results of SJ-CCs and the improvement
with respect to Q, provided by SJ-FETs in standalone
configuration. The comparison with the Q,  achieved by



SJCC SJCC
A

Dy Ba) SJ-FET
v-rerT ]| Vs
— J— J—
Gycc|ey Mp,, Dy
l.\‘/) IS[)
S\',/( '« SS./( C

vosir < Vivrw
Rpsonav-Isp < Vivpru Ropsonwv-Isp > Vavora
(a) (b)

vosey < Vivru

Dyjec
A
Z Rpsonwy
+
- Vivpry - Vivpra
. Rivp Rivp
+ ] [ SD + IS/)
DSJCC Ssjcc
(e) ()

Dsjcc Ve _A?D.w( C
AL
Dy & |PIs-FET D& |PS/FET
r-rer|l ] 2 vrrer|T]
G=x/( '('l!“ D;y G;szl('(' |§‘- Dy
Vol ] Vol

—l— Isp —I— Isp

S\L/( C SS./( C

vaosey > Vivrw vasty = Vi
Rpsonev-lsp < Vavpra Ropsonwv-Lsp > Vivpru
(c) (Y]

OB SJCC
Z §RI)S()NHI' Rpsonay
+
= § Rpsonty Rpsonty
<l Isp Isp
0dsJCC Ssicce

(® ()

Fig. 2. SJ-CC circuits during reverse conduction: (a) Regime 1. (b) Regime 2. (c) Regime 3. (d). Regime 4. (e) Equivalent circuit during regime 1. (f) Equivalent
circuit during regime 2. (g) Equivalent circuit during regime 3. (h) Equivalent circuit during regime 4.

irradiated SJ-FETs is also covered in this section. Finally,
conclusions are gathered in section IV.

II.  SJ-CC REVERSE CONDUCTION

A. SJ-CC operation regimes in reverse conduction

Four different operation regimes can be identified during the
reverse conduction of a SJ-CC. The operation regime depends
on the LV-FET gate to source voltage (vgsrv), the LV-FET
threshold voltage (Vivru), the SJ-FET on-resistance (Rpsonuv),
the SJ-CC source to drain current (Isp) and the knee-voltage of
the SJ-FET body diode (Vuvpra).

- Regime 1 (Flg 23)2 vosLv<Vivra and Rpsonav-Isp<Vavpra.
The LV-FET channel is not created because vgsry is lower than
Vivra. As consequence, the current flows through the LV-FET
body diode (DLv), defining the source to drain voltage of the LV-
FET (vsprv) according to expression (1). Note that Ryvp denotes
the dynamic resistance of Dyy whereas Vivpry is the knee-
voltage of the LV-FET body diode. The gate to source voltage
of the SJ-FET (vgsnv) is equal to the voltage applied between the
SJ-FET gate and the LV-FET source (Vy4) plus vspry. The value
is higher than the SJ-FET threshold voltage (Vuvra). Hence, the
current flows through the SJ-FET channel, which defines the
source to drain voltage of the SJ-FET (vspny) according to
expression (2). Note that in this regime, Isp is low enough to
define a Vspny value lower than Vgvpra, which typically ranges
between 0.6 and 0.8 V. As consequence, there is not current drift

through the SJ-FET body diode (Dav). Fig. 2e shows the
equivalent circuit during this regime.

UspLy = VLVDTH + ISD ' RLVD» (1)

Vspuv = Isp * Rpsonnv- 2)

- Regime 2 (Fig. 2b): vgsev<Virvre and Rpsonav-Isp>Vavpra.
The reasoning related to the LV-FET behavior that has been
detailed for regime 1 remains valid for this regime. As
consequence, the current flows through D,y and expression (1)
is valid to model the voltage drop at the LV-FET. In this case,
the greater value of Isp imposes a Vspyv value high enough to
cause a current drift through Dgyv. Expression (3) models the
voltage drop at the SJ-FET taking into account the previous
consideration. Note that Ryvp denotes the dynamic resistance of
the SJ-FET body diode. Fig. 2f shows the equivalent circuit
during this regime.

Vuvoru\ Rpsownv * Ruvp
VspHv = (ISD + ) . 3)

Ruvp / Rpsonuv + Ruvp

- Regime 3 (Flg 2¢): vesLv>Vivre and Rpsonav-Isp<Viavpra.
In this regime the LV-FET channel is created because vgsiy is
higher than Viyra. As consequence, the current flows through
the LV-FET channel, determining vsprv according to expression
(4). Note that Rpsoniv denotes the LV-FET on-resistance. vgsuy



is higher than Vyyry and, therefore, the current flows through the
SJ-FET channel. Moreover, as in the case of regime 1, the Isp
value is low enough to avoid the Dpy activation. Expression (2)
is also valid to model the voltage drop at the SJ-FET. Fig. 2¢g
shows the equivalent circuit during this regime.

VspLy = Isp * Rpsonwy- 4)

- Regime 4 (Fig. 2d): vgsev>Vivre and Rpsonav-Isp>Vuvpra.
As in the case of regime 3, the current flows through the LV-
FET channel and expression (4) is valid to model the voltage
drop at the LV-FET. In this case, the Isp value is high enough to
define a Vspuyv value that causes a current drift through Dpy.
Expression (3) is also valid to model the voltage drop at the SJ-
FET. Fig. 2h shows the equivalent circuit during this regime.

From a theoretical point of view, an Isp value high enough
could impose a current drift through D;y and a fifth regime
would have to be taken into account. However, the required Isp
value makes no sense due to the low Rpsonry value (tens of m€2).

B. SJ-CC reverse conduction curves

The SJ-CC reverse conduction model presented in the
previous section was validated by measuring experimentally the
third-quadrant curve of SJ-CC prototypes. In order to study the
impact of the characteristics of the LV-FET and the SJ-FET,
different SJ-CC combinations were built by using commercially
available devices. Fig. 1b shows one of the SJ-CC prototypes.
Note that the implementation was made with discrete devices. It
is important to note that SJ-FETs optimized for hard-switching
from the major manufactures were used in these
implementations. The main electrical parameters of both the SJ-
FETs and the LV-FETs are summarized in Table I and Table IT
respectively.

Fig. 3 shows the analytical (following (1) to (4) equations)
an experimental reverse conduction curves of different SJ-CC
designs, highlighting the four different regimes into a circle.
Designs used in Fig. 3a have the same SJ-FET and different LV-
FET. It can be seen that a change in the LV-FET has minor
impact on the SJ-CC static reverse conduction behavior. Note
that this does not imply that both designs provide the same Q.
This point will be studied in section III.B. The designs used in
Fig. 3b have the same LV-FET and different SJ-FET. It can be
seen that a change in the SJ-FET has major impact on the SJ-CC

TABLE I. MAIN ELECTRICAL PARAMETERS FOR SJ-FETS USED IN THE
DIFFERENT SJ-CC PROTOTYPES.

MBYNW BVis (V)| Rpson mQ) | OQep (mC) Q¢ (nC) [Qoss* (nC)
1 600 178 27 51 124
2 600 136 22 48 153
3 650 123 11 35 239

* at VDS = 400 \'

TABLE II. MAIN ELECTRICAL PARAMETERS FOR LV-FETS USED IN THE
DIFFERENT SJ-CC PROTOTYPES.

IND YN BVis (V) Rpson (mQ) = Qcp (nC) C) | Qoss (mC)
1 30 8.1 1.71! 55! 111!
2 12 7.5 0.76 2 3.12 572
3 30 4.4 141! 52! 721

! atVDS:ISV, zatVDs :6V

static reverse conduction behavior. Vgypry is similar in both SJ-
FETs, therefore, the SJ-FET voltage drop needed to activate Dgy
is the same. For the same Isp level, vspgy is higher in the case of
the SJ-CC implemented with SJ-FET 1 due to the greater
Rpsonnv value. As consequence, the boundary Isp value (Ispgov)
that separates regimen 1 from regime 2 and regime 3 from
regime 4 is higher in the case of the SJ-CC implemented with
SJ-FET 3.

Fig. 4 shows the reverse conduction curves of the same SJ-
FET in standalone configuration and in CC. Note that in the case
of the standalone configuration, three regimes can be identified.
Regime A appears when vgs is lower than Vayry and, therefore,
Isp completely flows through Dgy. Regime B appears when a
voltage higher than Vyyry is applied between gate and source of
the SJ-FET (vgs) and Isp completely flows through the SJ-FET
channel. Regime C, appear when vgs is higher than Vuyry and a
current drift through the SJ-FET body diode occurs due to the
greater Isp value. Note that Isppoy is the same in both
configurations because the SJ-FET used is the same.
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Fig. 3. Analytical (solid lines) and experimental (markers) reverse conduction
curves of different SJ-CC designs including the four regimes identification: (a)
Two SJ-CC designs with the same SJ-FET and different LV-FET. (b) Two SJ-
CC designs with the same LV-FET and different SJ-FET.
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Fig. 4. Analytical (solid lines) and experimental (markers) reverse conduction
curves of SJ-FET 1 in standalone configuration and in CC with LV-FET 1
including the different regimes identification.

C. Suitable operating regimes to reduce Q,r

There are four sources of QO in a SJ-CC. The major
contribution comes from Dpgy. The charge of the SJ-FET Coss
(i.e. SJ-FET Qoss) constitutes the second most relevant source
of Q. The contribution of Dy and the charge of the LV-FET
Coss are the remaining source of O, in a SJ-CC. However, last
two ones have minor impact in comparison with the two first
sources. In this sense, the desired reverse conduction must avoid
as far as possible the Dyy activation in order to mitigate its Q,,
contribution. According to this, regimes 1 and 3 are preferred.
Note that in converters with synchronous rectification, regime 1
will appear during dead times whereas regime 3 appears along
the rest of the switch reverse conduction time. Fig. 5 shows the
theoretical current (following (1) to (4) equations) that flows
through the SJ-FET 1 channel in standalone configuration
(iCHHVSTAND), thI'Ollgh the SJ-FET 1 channel in CC (iCHHVCC),
through Dpy in standalone configuration (ipavsranp) and through
Dpyy in CC (ipvrcc) depending on the operating regime.

Focusing on the comparison between a SJ-FET in CC and in
standalone configuration, the regimes that appear under the
same conditions (i.e. same Isp and either high or either low state
of the gate to source voltage) must be compared.

During dead times (i.e. the gate to source voltage is in low-
state), regimes 1 and 2 of the SJ-CC and regime A of the
standalone configuration must be considered. If Isp is lower than
Ispou, the SJ-CC operates in regime 1 whereas the SJ-FET in
standalone configuration operates in regime A, regardless of Isp.
Differently from the standalone configuration, the SJ-CC avoids
the Dyy activation during regime 1 (Fig. 4). In this regime,
conduction losses are higher due to the lower resistance of Dpy
with respect to the sum of Rpsonsv and Rrvpro on-resistance of
the SJ-FET. As Fig. 4 shows, the values of viypry and vavpry are
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Fig. 5. Theoretical current that flows through the SJ-FET 1 channel in
standalone configuration (icunvsrann), through the SJ-FET 1 channel in CC with
LV-FET 1 (icunvce), through Dyy in standalone configuration (ipgvsranp) and
through Dyy in the CC (ipyucc) depending on the operating regime.

almost the same. Note that they determine the initial voltage
drop for the SJ-CC and for the standalone configuration
respectively. Expression (5) models the extra voltage drop of the
SJ-CC with respect to the standalone configuration in regime 1.
If Isp is higher than Isppou, the SJ-CC operates in regime 2
whereas the SJ-FET in standalone configuration keeps operating
in regime A. There is current flowing through Dgyv in both
configurations. However, the current is distributed between the
channel and Dpyy in the SJ-CC whereas the whole current flows
through Dpgv in the case of the standalone configuration. As
consequence, the O, contribution of Dyy is always lower in the
case of the SJ-CC. In the same way, the SJ-CC conduction losses
are higher in this situation (Fig. 4). Expression (6) models the
extra voltage drop in regime 2.

During the rest of the switch reverse conduction time (i.e. the
gate to source voltage is in high-state) and if Isp is lower than
Ispou, the SJ-CC operates in regime 3 whereas the SJ-FET in
standalone configuration operates in regime B. The current
flows through the channel of the SJ-FET in the standalone
configuration and through the channels of the SJ-FET and of the
LV-FET in the case of the CC. The main difference between
them is the extra conduction losses of the SJ-CC due to the
additional on-resistance of the LV-FET. However, as [18]
indicates, these extra conduction losses can be neglected in
practice. If Isp is higher than Ispgou, the SJ-CC operates in
regime 4 whereas the SJ-FET in standalone configuration
operates in regime C. In both regimes, there is a part of Isp that
flows through Dgv and as Fig. 5 shows, this current level is
almost the same in both cases. Another time, SJ-CC have
negligible extra conduction losses.

Vextraregt = Vivorn — Vavorn + (Rovp + Rpsonnv — Ruvp) * Isp, (5)

Vextraregz = Vivoru + R TR
psonav t+ Ruvp

' {[RLVD ' RDSONHV + RHVD : (RLVD - RHVD)] : ISD - RHVD ' VHVDTH}' (6)
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Fig. 6. Schematic of the boost converter used to measure Q,, of the DUT
(either SJ-FETSs in standalone configuration or SJ-CCs).

In summary, when the gate to source voltage of the switch is
in high-state, the reverse recovery behavior of both the SJ-CC
and the standalone configuration is almost the same. The
difference appears when the gate to source voltage is in low-
state. Under this condition, the Q,, contribution of Dxy is always
smaller in the case of the SJ-CC (null if it operates in regime 1).
The price to pay is that SJ-CC has higher conduction losses in
this situation.

III. REVERSE RECOVERY CHARGE MEASUREMENTS

A. Test details

0O, was experimentally measured in a boost converter where
the power rectifier was replaced by a switch with a short circuit
between its gate and its source (see Fig. 6). The rest of the boost
converter components were fixed, including the SJ-FET in
standalone configuration that was used as low-side switch. The
switching frequency is 100 kHz and the inductor was designed
to ensure a negligible current ripple. O, which comes from
regimes 1 and 2 of a SJ-CC and A of a SJ-FET in standalone
configuration can be measured with this configuration. These
regimes were considered interesting because, as was detailed in
section II.C, they show the difference in O, between SJ-CC and
SJ-FET in standalone configuration.

The Q- of the Device Under Test (DUT) used as high-side
switch was obtained by measuring the drain to source current of
the low-side switch (ip;) during its turn-on. An example is given
in Fig. 7. It is important to note that the Q,, contribution of Dpy
rises with di/dt during the turn-on of the low-side switch, the
conduction time of the diode and the value of the current that
flows through it [19]. Qoss of the SJ-FET rises with Vps and
achieves the 80% of the final value when vpgs is around 20 V
[20]. Fig. 8 shows Coss and Qoss measurements of SJ-FET 3. It
can been seen that Qopss achieves the 80% of its final value at Vg
equal to 17 V. Due to this, an output voltage of 50 V allows us
to measure most of the SJ-FET Qoss contribution. Note that
although this voltage level is several times lower than the drain
to source voltage rating of the SJ-FETSs, it is enough to
characterize the Q, of the DUT. di/dt was controlled by the gate
resistance of the low-side switch an it was fixed to 130 A/us.
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Fig. 7. Comparison of measured current and Q,, between SJ-FET 3 in CC or in
standalone configuration when /; is equal to 2.4 A.
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Fig. 8. Measured Coss and Qogs of SJ-FET 3. Note that Qs achieves the 80%
of its final value at 17 V.

The conduction time was fixed to 2.5 ps. Note that the input
voltage and output voltage were 12.5 V and 50 V respectively
during all tests. Q,» was measured for 3 current levels through
the inductor (Ir): 1.2 A, 2.4 A and 6 A. The current waveform
was captured in less than one second in order to mitigate the
temperature impact.

B. SJ-CC Q,, analysis

Fig. 9 shows the measured Q,, for three SJ-CC designs that
have the same LV-FET. According to Fig. 3, Isppov is 4 A and 6
A for SJ-FET 1 & LV-FET 1 and SJ-FET 3 & LV-FET 1
respectively. Note that SJ-FET 2 & LV-FET 1 should have an
intermediate Isppoy value due to its Rpsonnvgv value. As
consequence, when the current level is 1.2 A or 2.4 A, the three
SJ-CC designs are in regime 1. There is no appreciable increase
in the measured Q,,, which implies that there is no contribution
from the SJ-FET body diode and the main source of Q, is the
Qoss of the SJ-FET as was detailed in section II.C. Note that the
measured Q,, matches the Qopss of the SJ-FET in standalone
configuration. When the current is 6 A, SJ-CC designs
implemented with SJ-FET 1 and 2 are in regime 2 whereas SJ-
FET 3 & LV-FET 1 operates in the limit of regimes 1 and 2. The
raise in the measured Q,, values indicates the activation of Dpy.
The higher increase of SJ-FET 1 & LV-FET 1 with respect to
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the increase of SJ-FET 2 & LV-FET 1 is due to its greater
Rpsonuv value. As detailed in section II-B, this causes a higher
vspry value for the same I; level and, therefore, higher current
flowing through Dpy.

Fig. 10 shows the current waveforms for the three SJ-CC
designs. Note that the differences in the RR behavior are also
visible in this figure.

The small dependence of the SJ-CC Q,, on the LV-FET is
shown in Fig. 11. It can be seen the measured current waveforms
of three SJ-CC designs implemented with the same SJ-FET but
different LV-FETs. The similarity of the results is due to the
small impact of the LV-FET Q,, on the whole SJ-CC Q,, in
comparison with the SJ-FET Qoss.

C. Q. comparison

In order to evaluate the O, improvement achieved by the SJ-
CC, Q,r was also measured for SJ-FETs in standalone
configuration. In this sense, three groups of switches can be
identified. The first group contains SJ-FET's optimized for hard-
switching in standalone configuration. The second group is
based on SJ-FETs with enhanced RR (irradiated SJ-FETSs) in
standalone configuration. Finally, the third group implements
SJ-FETs from the first group in CC. Fig. 12 shows the measured
Figure-of-Merit Rpson-Q,- at three different current levels (1.2
A, 3 A and 6 A). Results at 6 A are omitted for the first group
due to too high self-heating and possible malfunction. As
expected, SJ-FETs with enhanced RR show Rpson-Q,- that
ranges from four to eight times lower than SJ-FET's from the first
group. However, Rpson-Q can be even lower when SJ-FETs
from the first group are used in SJ-CC. Effectively, SJ-CC 1 and
SJ-CC 2 show lower Rpson-Qrr than any other SJ-FET for 1.2 A
and 2.4 A, whereas SJ-CC 3 has the best compromise of
Rpson-Q,r in a wider range of current.

IV. CONCLUSSIONS

The benefits of a SJ-FET in CC for specific application (i.e.
synchronous rectification) are addressed in this work by
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extensive exploration of its reverse conduction behavior.
Theoretical and experimental data give insight into the physical
mechanisms related to reverse recovery behavior. It has been
concluded that the Q,, contribution of the SJ-FET body diode
can be mitigated and even avoided by using the CC. As
consequence, a SJ-CC provides lower Q,- than the same SJ-FET
in standalone configuration. Moreover, the presented
experimental results show that SJ-CC exhibits best-in-class Q,,
for silicon power switches in the 600 V range. Taking into
account that the reduction of switching losses achieved by the
SJ-CC has already been prove when it is used in ultra-fast hard-
switching and high-forward-current operation conditions [18],
the SJ-CC seems to be an attractive solution to be used in
converters with synchronous rectification.

REFERENCES

W. Choi, S. Young, D. Son, S. Shin and D. Hyun, "Consideration to
minimize power losses in synchronous rectification,” Power Electronics
and ECCE Asia (ICPE & ECCE), 2011 IEEE 8th International
Conference on, Jeju, 2011, pp. 2899-2905.

S. Y. Park, P. Sun, W. Yu and J. S. Lai, "Performance evaluation of high
voltage super junction MOSFETS for zero-voltage soft-switching inverter
applications," Applied Power Electronics Conference and Exposition
(APEC), 2010 Twenty-Fifth Annual IEEE, Palm Springs, CA, 2010, pp.
387-391.

P. Haaf and J. Harper, "Understanding diode reverse recovery and its
effect on switching losses", Proc. Fairchild Power Semin., pp. A23-A33,
2007.

Xu Cheng, Xing-Ming Liu, J. K. O. Sin and Bao-Wei Kang, "Improving
the CoolMS™ body-diode switching performance with integrated
Schottky contacts," Power Semiconductor Devices and ICs, 2003.
Proceedings. ISPSD '03. 2003 IEEE 15th International Symposium on,
2003, pp. 304-307.

(1]

(2]

(3]

[4]

(3]

(6]

(71

(8]

[9]

[10]

(1]

[12]

[13]

[14]

Zhu J, Zhang L, Sun WF, et al. Analysis of the electrical characteristics
of 600Vclass electron irradiated fast recovery superjunction VDMOS.
Solid-state Electron 2013;80:38—44.

K. Lindberg-Poulsen, L. P. Petersen, Z. Ouyang and M. A. E. Andersen,
"Practical investigation of the gate bias effect on the reverse recovery
behavior of the body diode in power MOSFETs," 2014 International
Power Electronics Conference (IPEC-Hiroshima 2014 - ECCE ASIA),
Hiroshima, 2014, pp. 2842-2849.

M. M. Farag, S. M. Gadoue, A. L. Mohamadein, A. M. Massoud and S.
Ahmed, "Elimination of reverse recovery effects associated with
CoolMOS devices employing current source inverter topology," Power
Electronics, Machines and Drives (PEMD 2012), 6th IET International
Conference on, Bristol, 2012, pp. 1-6.

M. Pavlovsky, G. Guidi, and A. Kawamura. “Coping with Poor Dynamic
Performance of Super-Junction MOSFET Body Diodes,” IEEJ Journal of
Industry Applications, 2(4), 183-188, 2013.

F. Guedon, S. Singh, R. McMahon and F. Udrea, "Boost Converter With
SiC JFETs: Comparison With CoolMOS and Tests at Elevated Case

Temperature,” in IEEE Transactions on Power Electronics, vol. 28, no. 4,
pp- 1938-1945, April 2013.

E. Persson, “Practical Application of 600 V GaN HEMTs in Power
Electronics,” Applied Power Electronics Conference and Exposition
(APEC), Professional Education Seminar, 2015.

U. Mishra, “Compound Semiconductors; GaN and SiC, Separating Fact
from Fiction in both Research and Business”, Applied Power Electronics
Conference and Exposition (APEC), Plenary Session, 2013.

D. C. Sheridan, D. Y. Lee, A. Ritenour, V. Bondarenko, J. Yang and C.
Coleman, "Ultra-Low Loss 600V - 1200V GaN Power Transistors for
High Efficiency Applications,” PCIM Europe 2014; International
Exhibition and Conference for Power Electronics, Intelligent Motion,
Renewable Energy and Energy Management; Proceedings of, Nuremberg,
Germany, 2014, pp. 1-7.

A. Bhalla, X. Li, and J. Bendel, “Switching Behaviour of USCi’s SiC
Cascodes,” Bodo’s Power Systems, March 2015, Jun. 2015.

ON Semiconductor, “Power GaN Cascode Transistor 600 V, 290 mQ,”
NTP8G202N datasheet, May 2015.



[15]

[16]

(171

(18]

Artur Seibt, “Performance Comparisons of SiC Transistors, GaN
Cascodes and Si — Coolmos in SMPS,” Bodo’s Power Systems, March
2015.

Artur Seibt, “Cascode Switches — the Fast Route to Higher Efficiency,”
Bodo’s Power Systems, May 2015.

J. Rodriguez, A. Rodriguez, D. G. Lamar, J. Roig and F. Bauwens,
"Modeling the switching behaviour of SuperJunction MOSFETs in
cascode configuration with a low voltage silicon MOSFET," 2016 IEEE
17th  Workshop on Control and Modeling for Power Electronics
(COMPEL), Trondheim, 2016, pp. 1-8.

J. Rodriguez, A. Rodriguez, D. G. Lamar, J. Roig and F. Bauwens,
“SuperJunction Cascode, a Configuration to Break the Silicon Switching

[19]

[20]

Frequency Limit”, 2016 IEEE Energy Conversion Congress and
Exposition (ECCE), Milwaukee, WI, 2016.

A. Huang, “Hard Commutation of Power MOSFET. OptiMOS™ FD 200
V /250 V”, Application Note AN 2014-03 V1.0, Infineon, 2014.

I. Castro et al., "Analytical Switching Loss Model for Superjunction
MOSFET With Capacitive Nonlinearities and Displacement Currents for
DC-DC Power Converters," in IEEE Transactions on Power Electronics,
vol. 31, no. 3, pp. 2485-2495, March 2016.



