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Abstract— In this paper we present the experimental and
simulated characteristics of a new power semiconductor
device, named MOS-GTO, for high power applications. The
results are presented for a 1.2kV device and subsequently
scaled up to 4.5kV blocking voltage. The excellent on-state
voltage and switching characteristics make MOS-GTO a very
promising device for high voltage power applications.
Index Terms—Power semiconductor devices.

I. INTRODUCTION

I

GBTs devices are widely used in power conversion but their
performances are limited in high voltage applications
because the conductivity modulation of the n- base present
in their vertical structure is sustained only by the collector
junction. As a consequence for devices with blocking voltages
larger than 3kV the required wide n-base thicknesses causes
the on-state voltage drop to become relatively high. To
overcome this limitation, in the last years, many structures has
been proposed. Devices like IEGT [1], HIGT [2] and SPT+ [3]
which enhanced the physical characteristics of IGBTs, have
been developed to obtain a more thyristor like conductivity
modulation profile thus obtaining improved on-state
characteristics that however are far to be completely
comparable with those ones of a true thyristor.
Other devices like EST [4] and MCT [5] base their
operation on the activation of a main thyristor into their
vertical structure for which both anode and cathode junctions
contribute to the conductivity modulation. These devices,
though, are affected by the presence of parasitic thyristors that
can latch up in static and dynamic operations limiting the safe
operating area of the device. More recently CIGBT [6] has
been presented which overcomes thyristor parasitic problem
thanks to internal structure formed by clustering power
MOSFET cathode cells within common n and p wells,
showing very interesting characteristics. However this device
presents the main thyristor fabricated by a triple diffusion
which guarantees a very poor cathode efficiency.
Recently the principle of operation of a functionally
integrated monolithic MOS-Gated thyristor [7] (MOS-GTO)
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Fig.1. Schematic of the elementary cell of the proposed device.

Fig.2. Equivalent circuit of the proposed device.

has been presented as an evolution of the Emitter Switched
Bipolar Transistor [8]. This device combines the advantage of
a gate turn-off thyristor with an easy MOS gate control
without the presence of latching parasitic devices. Similar
Emitter Switched Thyristor structures (ETO) were also
presented in a discrete form and showed very interesting
performances [9].
Due to the latching nature of these devices, the basic
performances appear to be particularly interesting in high
voltage applications where the large on state voltage drop
across the device becomes a serious problem that increases its
power dissipation and limits the converter efficiency.
The objective of this paper is to present the perspective
performances of the fully integrated MOS-Gated GTO in the
range of high blocking voltages. We start from the
characteristics of an experimentally fabricated 1.2kV device,
that we used also to tune the simulation models, and we
extend the analysis up to 4.5kV blocking voltage. The
simulated characteristics of high voltage MOS-Gated GTOs

a)
Fig.3. Experimental and simulated forward characteristics of 1.2kV
device varying the gate voltage. For the simulated device the N-drift
region lifetimes are fixed to τno=10us and τpo=3us.

b)
Fig.6 Doping profile of simulated a) 1.2kV MOS-GTO, b) 1.2kV IGBT.
Fig.4. Experimental and simulated turn-off waveforms of 1.2kV
MOS-GTO.

immediately cut off and the anode current is diverted to the
base terminal so that the GTO is turned off with a unity turnoff current gain.
Based on the outcome of Silvaco TCAD-Atlas mixed mode
simulations [10], 1.2kV voltage rated prototypes, having an
area of about 23mm2, have been fabricated. The experimental
and simulated forward characteristics of a device irradiated
with 15MRad electron dose are displayed in Fig.3 at
increasing gate voltage and fixed base current of about
30mA/cm2.
The experimental and simulated inductive turn off
waveforms for the 1.2kV MOS-GTO are reported in Fig.4 and
the related test circuit is reported in Fig.5.

Fig.5. Circuit used for the turn-off commutations.

with different blocking voltage are compared with those of
IGBTs at same stage of development.
II

MOS-GTO OPERATION

In Fig.1 the structure of the MOS-GTO elementary cell is
presented. The structure is achieved by integrating low voltage
MOS cells inside the cathode region of a high voltage gate
turn-off thyristor.
The equivalent circuit of the cell is depicted in Fig.2 that
clearly shows the thyristor cathode in series with a N-channel
MOSFET. When the MOSFET is on, the device is similar to a
thyristor and the current flows from the anode to the cathode.
When the MOSFET is switched off, the cathode current is

IIISIMULATIONS
To better highlight the capabilities of the proposed device at
increasing values of the blocking voltage, we have compared
the forward and switching simulated characteristics of the
MOS-Gated-GTOs with those of first generation IGBTs
having the same n-n+p+ vertical structures.
It is worth outlining that the resulting IGBT used for the
comparison is not optimized and can be considered as a first
generation device. In the years the IGBT performances have
been significantly improved by introducing several
technological modifications, (like light emitter, local lifetime
control etc.). Nevertheless we prefer to compare the
performance of the newly proposed device with those of an
IGBT at the same stage of development in consideration that

Fig.7. Comparison between the on state characteristics of MOS-GTO and
IGBT devices having different blocking voltage.

practically all technological improvements achieved on the
IGBT can be also exported to the MOS-Gated GTO. Therefore
we strongly believe that the results of the following analysis
can give useful highlights about the perspective potentiality of
the proposed device with respect to the existing technologies.
Starting from the physical structure of the constructed
1.2kV prototype, the doping profiles used to simulate 1.2kV
MOS-GTO and IGBT devices was obtained. Successively the
doping and width of the n-base were adjusted to achieve
devices with a desired blocking voltage. For both simulated
devices we have considered a reference n-drift lifetime of 30us
for electron and 10us for holes. In Fig.6 a) and b) the net
doping profiles along the structures are reported starting from
the source contact, for both 1.2kV devices.
A comparison between the on-state characteristics of both
MOS-GTO and IGBT are reported in Fig.7 for different
blocking voltages and VGATE=10V. The figure shows that the
on-state voltage drop of the IGBT increases with the blocking
voltage, whereas the MOS-GTO exhibits characteristics
almost independent of the variation of the base physical
parameters: the activation of the internal thyristor of MOSGTO drastically reduces the on state voltage drop during the
conduction phase.
Let us compare the switching performances of the two
devices. A first simulation result is reported in Fig.8 where the
turn off waveforms are reported for MOS-GTO and IGBT
rated at 1.2kV. The test circuit is the similar to that used for
the experiment of Fig.5. The duration of the on-state for both
devices was set to reach an anode current density, JA, of about
100A/cm2 at the onset of the current fall.
If we focus the attention on the turn-off waveforms of
MOS-GTO reported in Fig. 8 and 9 we can see some
peculiarities of the MOS-Gated GTO inductive turn-off. After
the turn-off of the internal MOSFET, which takes place when
its gate voltage is turned to zero, the device experiences a
storage phase during which the anode voltage increases and
reaches a plateau value which is imposed by the external
circuit (see Fig.8 between 6.3us and 7us). At the end of the
storage phase the anode voltage continues up to the power
supply voltage, the turn off is completed by the anode current
fall down and the subsequent tailing phase.

Fig.8 Turn-off waveforms of 1.2kV MOS-GTO and IGBT for a
commutated anode current density of about 100A/cm2.

Fig.9 Base current density, base voltage and gate voltage progress
during the turn off of 1.2kV MOS-GTO .

On the gate side, during the storage phase the thyristors
anode current flows totally in the base circuit (see Fig.9
between 6.3us and 7.7us) while the base voltage is fixed by
the voltage drops across the capacitor C2 and the resistor R1
which are selected to keep this voltage below the breakdown
of the internal MOSFET. The Zener-Diode D2 helps in this
goal because when it starts to conduct a significant part of
current is diverted to the larger capacitor C1. After the storage
completion the base current evolution follows the anode
current fall down has it happens in the emitter switched
cascode structures.
If we compare the output switching waveforms of MOSGTO and IGBT we can see that due to the higher charge
stored in its base the MOS-GTO turn-off is slower than the
IGBT both during the voltage rise and the current fall so that
the calculated turn-off energies are 42.7mJ and 35.9mJ,
respectively. On the other hand the on state voltage drops for
the two devices are 1.13V and 1.23V, respectively.
The results of Fig.8 indicate that the larger turn-off energy
associated to the MOS-GTO is compensated by a lower onstate voltage drop. For a good comparison between the two
devices we have to consider the trade-off between their static
and dynamic characteristics.
The simulated trade-off curves are reported of Fig.10. Each
curve reports the on-state voltage drop (VON) on the abscissas

a)
Fig.11 Comparison of trade-off curves for 4.5kV devices at different
commutated anode current density JA.

IV CONCLUSION

b)

A simulation study regarding the expected performances of
high voltage MOS-GTO devices has been presented. The
static and dynamic characteristics for different blocking
voltages have been compared to those of corresponding first
generation IGBT. Simulation results indicate that the proposed
devices can be considered to be a good competitor of IGBT
devices particularly for high voltage high power applications.
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Fig.10 Trade-off curves of a) MOS-GTO and b) IGBT devices with
different blocking voltage at JA=100A/cm2. The curves are obtained for
different value of N-drift region lifetime with tpo=tno/3.
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