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Comparison of 4.5kV Press Pack IGBTs and IGCTs
for Medium Voltage Converters

Felipe Filsecker, Rodrigo Alvarez, Steffen Bernet, Member, IEEE

Abstract—Recently developed Insulated Gate Bipolar Tran-
sistors (IGBT) press pack devices with a blocking voltage of
4.5kV are being used in medium voltage converters as an
alternative to Integrated Gate Commutated Thyristors (IGCT).
This paper presents an overview of press pack packaging and both
semiconductor technologies. A quantitative comparison of these
devices is achieved through measurements for a 4.5kV, 1.2kA
IGBT and a 4.5kV, 4KkA IGCT. The laboratory test bench for the
switching transient characterization at a dc-link voltage of 2.5kV
and currents up to 3KkA is described. Conduction, blocking and
switching behavior for junction temperatures up to 125°C are
investigated. The IGCT and the IGBT are tested using a di/d¢-
limiting clamp circuit. Additionally, the IGBT is tested in hard
switching mode.

Index Terms—Power semiconductor devices, semiconductor
losses, semiconductor measurements, IGBT, IGCT.

I. INTRODUCTION

Medium voltage drives are essential for industry (e.g. oil
and gas, chemistry, metals, marine, mining, etc.), traction
and energy systems. They combine a high energy conversion
efficiency and a highly dynamic control of the energy flow.
Furthermore, medium voltage converters comply with the grid
standards.

Power semiconductors have experienced a fast development
towards higher blocking voltages and current ratings, more
reliable packages and extended Safe Operating Areas (SOA)
during the last years. They are an important technology driver
for the further development of medium voltage converters. The
application of medium voltage power semiconductor devices
strongly depends on the converter voltage and current rating,
as well as the application requirements. Today three different
device types are applied in newly developed medium voltage
converters: IGBTs, IGCTs and PCTs (Phase Controlled Thyris-
tor). IGCTs and IGBTs can be separated into symmetrical, used
in e.g current source and matrix converters, and asymmetrical,
employed in voltage source converters (VSC) together with
an antiparallel diode. Since VSCs are market standard today,
only asymmetrical devices will be treated here. IGBTs clearly
dominate at low power (Two Level- and Multi Level-VSCs:
2L-VSC, ML-VSC,; converter power Sc = 300 kVA...3 MVA).
In contrast, load or grid commutated converters (e.g. LCIs or
cycloconverters) with PCTs are applied in the majority of high
power applications (e.g. Sc > 30 MVA). In the medium power
range (e.g. Sc =3MVA...30MVA) IGBTs and IGCTs compete
with PCTs. [1]-[6]

The development trends of power semiconductors and
topologies indicate that IGBT- and/or IGCT-based VSCs

could replace medium power PCT-based converters (e.g.
Sc = 10MVA...30MVA) in the middle term, as current
capacity and voltage ratings of ML-VSCs continue to increase.
[71-19]

In the last years IGBTs have gained more and more im-
portance in medium voltage converters. Lower conduction and
switching losses, an extended Safe Operating Area, higher
power and thermal power cycling capability and a broader
junction temperature range are the reasons therefore, that IGBT
modules have drastically increased their importance and market
share. [10]-[14]

Press pack (PP) devices offer the potential of a higher power
and thermal cycling capability. Furthermore, this package type
does not explode in the majority of failure cases [15]. Press
pack devices can be part of a redundant converter design, since
the device stays short-circuited in failure case. In the case of
high voltage applications, series connection is easily achieved
by stacking the devices. Obviously, these characteristics are
an advantage compared to modules. Nowadays, 4.5kV IGCTs
and IGBTs are available on the market as press packs. Both
devices compete in Three Level-Neutral Point Clamped-Voltage
Source Converters (3L-NPC VSCs) in a power range of Sc~
1 MVA...30MVA [4], [5]. In very high voltage applications,
where many devices need to be connected in series, press-pack
IGBTs devices are preferred over IGCTs, because of the lower
gate driving power requirements.

This paper compares 4.5kV IGCTs and recently introduced
PP IGBTs. After a discussion of the characteristics of medium
voltage IGCTs and IGBTs a test bench for the characterization
of an IGCT and a PP IGBT is described. Both devices have
very similar geometric dimensions and an identical diameter of
85 mm at the anode side or the collector side contact area. It
should be noted that the PP IGBT is operated hard switched
or with an adapted clamp circuit [16]-[18]. The operation with
clamp circuit enables the investigation of the PP IGBT at iden-
tical conditions compared to the IGCT. Switching waveforms,
trajectories and switching losses are the basis for a detailed
comparison of both devices. The comparison considers the
application point of view as well as the performance of the
different semiconductor structures.

II. OVERVIEW OF MEDIUM VOLTAGE POWER
SEMICONDUCTORS

Fig. 1 shows the nominal voltage and current ratings of
commercially available MV IGBTs and asymmetrical IGCTs.
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Fig. 1. Nominal ratings of power devices (IGCT: Vprm/ItGom, IGBT:

Vees/Iem) Status: Jan. 2012

Structure and function of IGCTs and IGBTs have been exten-
sively discussed in the literature (e.g. [1], [19]). Both IGBT
modules and asymmetrical IGCTs feature a maximum device
blocking voltage of 6.5kV. New devices, such as 8kV IGBTs
and 10kV IGCTs are still in research status [20]-[23].

The maximum turn-off current of IGCTs is given by the rated
current Itgom. IGBTs current ratings include nominal current
Ic nom and maximum repetitive turn-off current /cy;. For a better
comparison among device ratings, Itgom and Icy are used in
Fig. 1. Thus, a 125 mm 4.5kV PP IGBT with I¢ yom = 2.4kA is
able to turn off currents of I < 4.8 kA. This current is slightly
lower than that of the 91 mm 4.5kV IGCT (Irgom = 5.5kA). A
125 mm 4.5kV injection enhanced IGBT with ¢ yom = 2.1 kA
and capable of turning off a current of 5.5kA has also been
reported [24].

Even if it is considered that IGBTSs are able to turn off twice
the rated current, the power handling capability of IGBT mod-
ules is still substantially lower than that of IGCTs. However,
PP IGBTs have a power handling capability which is close to
that of 91 mm 4.5kV IGCTs. Compared to IGCTs, PP IGBTs
offer several advantages, like short circuit current limitation,
short circuit turn-off capability, an adjustment of the switching
behavior by the gate unit and a simple device parallel and
series connection. Table I summarizes the characteristics of
both technologies. The properties of the press pack and the
module housing can be taken from Table II.

A. Press Pack IGBT With SPT' Technology

The basic structure of an IGBT with SPTT technology is
depicted in Fig. 2a. This IGBT structure was developed to
reduce the on-state losses, while keeping the switching losses
low. This is achieved by the combination of a Soft-Punch-
Through (SPT) buffer and an N-enhancement layer surrounding
the P-well of the IGBT cell, improving the carrier concentration
at the emitter side of the IGBT. With this approach, a wide SOA
(Icmax = Icnom) 1s obtained. [35]

In a PP IGBT, the single chips are connected in parallel.
No solder or wire bond joints are required, avoiding possible
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Fig. 2. Semiconductor structure: (a) IGBT SPT* [39] and (b) IGCT [21]

failures due to power and thermal cycling [15], [33]. However,
as a drawback, this configuration requires a passivation of
every single die, loosing about half of the total silicon area.
Furthermore, 20% of the circular press pack contact area is
lost due to the squared chip form and the clearance between
dies. PP IGBT would benefit from larger chip sizes, but the die
manufacturing costs would increase considerably in that case.
The die size for 4.5kV PP IGBT used in this work is 204 mm?
[36].

An IGBT gate unit has a simple basic design. In practical
applications the gate drive is optimized to achieve minimum
switching losses, a robust operation of the power semiconduc-
tors in the entire converter operating range, and a high relia-
bility of power semiconductors and gate units. Well-engineered
protection schemes are applied to handle short circuit currents
or overvoltages. Usually the gate drive power is less than 5W
per IGBT. The placement of the gate unit is not complicated
by strict requirements although a low inductive connection is
always advantageous.

Even though IGBT technology has many years of develop-
ment, the design is still evolving. New concepts, such as the
BIGT, that combines IGBT and diode in one die, improving
current and thermal distribution [37], or the Light Punch
Through (LPT) structure [38] promise further improvements.

B. IGCT

The IGCT was introduced in 1990 as an enhancement to
GTOs. The main difference was the low inductive connection
between semiconductor and gate drive unit, which allowed a
snubberless turn-off transient. Nevertheless, the IGCT turn-on
transient still requires the use of a di/d¢-limiting clamp.

Compared to IGBT modules or press packs consisting of
small, discrete chips, the IGCT uses one large silicon wafer
inside a press pack housing (e.g. 91 mm). The silicon wafer
contains thousands of GCT-segments which are operated in
parallel and sorted in concentric rings. The gate terminal is
placed in the middle ring. The gate unit is connected by a very
low inductive path (e.g. L, = 5nH) to the wafer. It should
be noted that the complete anode current flows to the gate
unit for a few microseconds during turn-off transients, thus



TABLE I
PROPERTIES OF IGCT AND IGBT

Characteristics IGCT [25]-[27] IGBT [25]-[27]

Clamp circuit Limits di/d¢ and short circuit current Not required

On-state voltage Low High

Turn-on losses Low (due to clamp circuit) High (hard switching)

Turn-off losses Higher than a comparable IGBT Lower than a comparable IGCT

Switching behavior

Determined by device structure, doping and Adjustable by the gate unit
clamp circuit

Clamp Losses Yes No (hard switching)

Gate unit power Medium (typically 100 W/device) Low (typically 5 W/device)

Reliability About 100 FIT (field data) About 100 FIT (field data)

Short circuit current Not limited [28] Limited (operation in the active region)
Discharge of dc-link capacitors Active short circuit current turn-off [29]

Maximum surge current High Low

Overvoltage limitation By clamp circuit Low stray inductance & suitable gate driving

Parallel connection Complex, bulky external balancing network Simple, low parameter deviation and adjust-
[30] ment by gate unit

Series connection Complex, bulky external balancing network Simple, gate unit control (dv/d¢, active clamp-
[31] ing) + static balancing resistor [32]

TABLE II

PROPERTIES OF MODULE AND PRESS PACK HOUSING

Feature Module [25], [26], [33] Press Pack [15], [25], [26]

Explosion free [34] No, possible explosion at “double failure” Mostly (exception: failure at edge passivation)
Cooling Simple, cooling by isolated heat sink More expensive cooling (deionized water)
Mounting Simple, mounting on isolated heat sink More expensive mounting in stack

Power and thermal cycling Low-medium: thermo-mechanical stress of High, no bond wires and solder connections
capability bond wires and solder between plate and DCB

Redundancy No, undefined state after failure Possibility of redundant converter design, due

to the safe short circuit failure mode in most
failure cases

determining the size and power of the gate unit [21]. Gate unit
power consumption is in the range of 50 to 150 W, depending
on the switching frequency and operating conditions. This is
one of the drawbacks of this technology, when compared to
IGBT gate driving.

The active silicon area in the IGCT differs from the total
area of the wafer, because it contains only the area encapsulated
by the thyristor segments, including the gate area between the
neighboring segments, but not including the gate ring, the test
structures in the center and the edge terminations.

Lately, IGCT and gate unit design have been improved to
increase the maximum turn-off current [40]. The combined
innovations are referred as High-Power Technology (HPT).
Compared to the conventional IGCT, the HPT offers a 40%

Fig. 3. IGCT 5SHY 35L4503 (left) and IGBT T1200EB45E with gate unit ~increased current rating. HPT IGCTs are available for blocking

(right)

voltages of 4.5 and 6.5 kV. Last improvements in IGCT technol-
ogy also include the developement of gate units placed inside
the press pack and dual GCTs, which include two devices in
one wafer [41], [42]. In this paper, a conventional IGCT device
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Fig. 4. Test circuit configuration for (a) hard switching (7: IGBT) and (b)
clamp operation (7": IGBT or IGCT)

was tested.

III. SEMICONDUCTOR DATA AND TEST BENCH

For the comparison, 4.5kV IGCTs and PP IGBTs have been
investigated. Both devices have a diameter of 85 mm at the
anode side and the collector side contact area respectively. The
IGCT uses a wafer with a diameter of 91 mm. In contrast, the
PP IGBT contains 21 dies with a total silicon area of 204 mm?
per die.

The PP IGBTs are operated hard switched and also in the
same clamp configuration as the IGCT. The clamp circuit is
required for IGCTs to limit the di/d¢ of the turning-off diode
and the turning-on IGCT. In the case of IGBTs, the clamp has
the same effect, which translates into a stress reduction for the
IGBT during the turn-on transient.

Further relevant semiconductor data can be found in Ta-
ble III. It is important to note that the maximum turn-off
current of the IGCT (Itgom = 4kA) is 67% higher than that
of the IGBT (Icy = 2.4kA). The active silicon area of the
IGCT is almost twice as large as that of the PP IGBT. The
configuration of the test circuits is shown in Fig. 4. The design
of the clamp can be taken from Table IV. Fig. 4a shows the
circuit configuration for the hard switching IGBT. In contrast,
the circuit with clamp configuration for the IGCT and the IGBT
can be taken from Fig. 4b.

The test circuit corresponds to a buck converter, which allows
the investigation of the switching behavior of the active switch
(e.g. IGBT, IGCT) and the freewheeling diode, by the use of
a double-pulse switching pattern [43]. Hard-switching devices
demand a low stray inductance in the commutation circuit (L,

in Fig. 4a) to avoid large overvoltages at turn-off transients. The
arrangement of a low inductive capacitor Cyy, (220 uF) close to
the stack enables a stray inductance of L, ~ 130nH in the
commutation path.

A robust mechanical design was accomplished using 2 mm-
thick copper plates connecting the dc-link capacitor Cy, the
stabilizing capacitor Cl, and the stack. Thus, the mechanical
construction of the test bench is able to withstand short circuit
currents of about 200kA in case of a device failure. The two
diodes D, and the fuse F' are important components of the
protection concept. The fuse avoids the complete discharge of
the dc-link capacitors through the stack, and the D, diodes
limit possible negative voltages across the dc-link capacitor,
preventing an oscillation of the short circuit current.

The junction temperatures of the devices are adjusted by
two ring heaters mounted in the stack, controlling the case
temperatures of the active switch and the diode. The dc-
link capacitor is charged by a high voltage power supply
before the measurements are carried out. A partially automated
measurement system was used. The values of Vg, and I are
set through a LabVIEW graphical user interface in a computer
connected to the test bench by fiber-optic cable. The results
are captured by two 8 bit four-channel digital oscilloscopes
(Tektronix TDS714L), capable of working at 500 MS/s sample
rate. The storage and analysis of the data is carried out on a
PC.

Considering a commutation voltage of V. = 2.5kV, the
clamp circuit (see Fig. 4b) was designed to limit the di/d¢ dur-
ing turn-on transients to a value of 450 A/us using an inductor
of Ly = 5.6puH. Clamp capacitor (Cy; = 10pF) and resistor
(Ra = 0.59Q) have been chosen to demagnetize the clamp
inductor within 27 us after the IGCT/IGBT turn-off transients.
The peak voltage due to the clamp inductor demagnetization
reaches 4500V at a current of 6000 A (5Icpom Of the IGBT).

The experimental setup is shown in Fig. 5. The measurements
for both IGCT and IGBT tests were carried out at a dc-link
voltage Vg, of 2500V. The IGCT was switched at currents
ranging from 200 to 3000 A, whereas the IGBT at currents
from 100 to 1500 A. For driving the IGBT a Westcode gate
unit model CO030BG400, with Rgon = 3.3, Rgee = 2210,
VG.onott = £15V and P, = 12 W was used.

IV. CoMPARISON OF IGCTS AND PP IGBTS
A. Conduction and Blocking Characteristics

Conduction and blocking characteristics are shown in Fig. 6
and Fig. 7 for IGBT and IGCT. Both characteristics have
been determined experimentally using the same test circuit and
comparable conditions.

Regarding the on-state characteristics, the higher on-state
voltage of the IGBT is significant. To compare devices with
different structures and manufacturing technologies from a
physical point of view, the current density is a decisive pa-
rameter. Fig. 6 also shows the on-state voltage as a function of
the device current density. Considering a junction temperature
of Tj = 125°C, the IGBT on-state voltages are about 130%



TABLE IIT
SELECTED SEMICONDUCTOR DATA

Freewheeling diode Dy

Device IGCT IGBT IGCT test IGBT test
Manufacturer ABB Westcode Infineon Infineon
Model 5SHY 3514503  T1200EB45E D1331SH D 1031SH
Diameter (contact surface) 85 mm 85 mm 85 mm 63 mm
Si-area 6504 mm? 4284 mm? 5809 mm? 3097 mm?
Active Si-area A,s; 4290 mm? 2142 mm? 3526 mm? 2463 mm?
Ryyg (double-sided cooling) 18 K/kW 8 K/kW 11.05 K/kW  14.1 K/kW
Forward blocking voltage 4500V 4500V 4500V 4500V
Vbe-tink 2800V 2800V - -
Itcom 4000 A - - -
Icnom /! Iem - 1200 A/2400 A - -
TrrMsM - - 2730 A 2300 A
Iravm - - 1740 A 1470 A
Irm - - 1500 A 1500 A
J(ITGQM), J(ICM) 932 A/CITI2 112 A/CII’I2 — —
TABLE IV TABLE V

DATA OF CIRCUIT AND CLAMP CONFIGURATION

Test bench Clamp circuit
Cac 45mF Oy 10 uF
Cs 220uF Ry 050
LLoad 1 mH Lcl 5.6 ]J.H
Vie 2.5kV
Ly 130nH L, 130nH

higher than those of the IGCT (AV,, = 1.3...2.5 V). Obviously,
this is an important disadvantage for low switching frequency
applications where the on-state losses dominate.

IGCTs and IGBTs have similar leakage current characteris-
tics, as seen in Fig. 7. Among the differences, IGBT leakage
current stays under 17 pA for 25 °C. IGCT current, on the other
hand, grows exponentially, going from nearly zero at 2.5kV up
to 8mA at 4.5 kV. At a junction temperature of 7; = 125 °C the
leakage currents of IGCTs and PP IGBTs are nearly identical
in the relevant blocking voltage range (2kV < V. < 4.5kV).

B. Switching Behavior

Figs. 8 to 10 show waveforms, VI-plane traces and in-
stantaneous power at a load current of I}, = 1.5kA for the
three different switch configurations. Voltage and current slopes
during the commutations are summarized in Table V.

During the turn-off transient (Fig. 8) the stray inductance Lo
is the reason for the first overvoltage spike (during the collector-
current fall). The second overvoltage, including its maximum at
about 10 ps after the begin of the turn-off transient, is caused by
the demagnetization of L. As a result, the IGBT turn-off losses
with clamp are ~ 8% higher compared to hard switching. The
lower duvy/dt and the longer tail current of the IGCT generate
higher turn-off losses compared to the IGBT.

VOLTAGE AND CURRENT SLOPES

IGCT IGBT IGBT
(clamp)  (clamp) (hard)
di/dt turn-on (kA/us) 0.49 0.52 4.03
di/dt turn-off (kA/us) -1.22 -1.32 -1.47
dv/dt turn-on (kV/us) -5.09 -3.46 -3.12
dv/dt turn-off (kV/us) 1.97 2.40 2.59

T Vie =2.5kV, I = 1.5kA, L, = 130nH, T;=125°C,
values calculated as in [16], [17].

The IGCT turn-off transient exhibits a slightly lower dv/dt
and di/dt compared to the IGBT with clamp circuit. Thus,
peak power and turn-off losses are slightly higher in the IGCT
(=+10%). Even though the peak power is similar in both
devices, there is an important difference in the peak power
density. The stress experimented by the IGCT with 8.8 kW/cm?
is around 50% lower than the one in the IGBT.

During the turn-on transient (Fig. 9) the switching losses and
the corresponding device stress are substantially reduced by the
clamp circuit. The turn-on behavior of IGCT and IGBT with
clamp is very similar. The device voltage falls immediately
after the delay time. In the case of the hard switching IGBT,
the device voltage falls only when the freewheeling diode
takes over reverse blocking voltage. The collector current
increases while the device blocks a substantial amount of the
commutation voltage, which generates high losses.

Also the turn-off behavior of the freewheeling diode is
influenced by the circuit configuration. Comparing IGBT and
IGCT with clamp, the diode waveforms are very similar. The
slightly higher peak reverse recovery current of the IGCT
freewheeling diode D 1331SH causes a small increase of the
instantaneous power maximum value. In the case of the hard
switching IGBT, the peak reverse recovery current and the
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Fig. 5. Experimental setup: (a) di/d¢-clamp circuit, (b) IGCT stack, (c) IGBT
stack for hard switching

maximum value of the instantaneous power are increased by
151% and 68% respectively, compared to the IGBT with clamp.

Noteworthy is that in Figs. 8 to 10 the IGCT was switched
at 40% of Itgom and the IGBT at 125% of Icpem, which
corresponds to 63% of 2Ic,om. These values correspond to
current densities of 34 A/cm? for the IGCT and 68 A/cm? for
the IGBT.

The total semiconductor switching losses are given by

Esc = Eont + Eofir + Eoitp (D

with
Eon1: IGBT / IGCT T turn-on losses

Eogr: IGBT / IGCT T turn-off losses
Eop: freewheeling diode Dy turn-off losses

These losses only reflect switching losses in the semiconductors
and do not include the clamp circuit losses. Total switching
losses (semiconductors + clamp circuit) for IGBTs with and
without clamp circuit do not vary considerably [17].

Figure 11 shows the device switching losses as a function
of the load current. This representation is important for the
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application of the semiconductors in a converter from a prac-
tical point of view. As expected, the IGBT turn-on losses at
hard switching are considerably higher compared to the clamp
operation of IGBT and IGCT. The IGBT with clamp realizes
slightly lower turn-on losses than the IGCT. The IGBT turn-
off losses with or without clamp are very similar. They are
reduced by about 15% and 22% compared to the IGCT at [} =
1500 A. The diode turn-off losses are comparable for all three
switch configurations. Considering the total switching losses,
the IGBT causes 14% lower losses with clamp and 29% higher
losses at hard switching compared to the IGCT at I}, = 1500 A.

The switching losses as a function of the device current
density J = I/ A,si are given in Fig. 12. Furthermore, Fig. 11
depicts the current densities at selected load current values.
Figure 12 shows that the IGBT with clamp realizes lower turn-
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on losses than the IGCT. The hard switching IGBT causes
substantially increased turn-on losses. The turn-off losses of the
IGBT with or without clamp are more than 50% lower than the
IGCT turn-off losses. When considering both turn-on and turn-
off losses, the IGBT with clamp has clearly less losses. These
are about 40% lower than the hard switching IGBT losses and
54% lower than the IGCT losses.

The diode turn-off losses of both IGBT configurations are
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Fig. 10. Diode turn-off behavior: Voltage vp and current ip waveforms,
instantaneous power pp and VI-plane traces (Vg = 2.5kV, I, = 1.5kA, L, =
130nH, 7} = 125°C)

lower than that of the IGCT freewheeling diode, e.g. by 19%
(IGBT with clamp) and 10% (hard switching IGBT) at J =
60 A/cm?,

C. Comparison from an application point of view

From an application point of view, the IGCT has the ad-
vantage of a substantially increased maximum turn-off current
(Itcom = 4000 A (IGCT), Icm = 2400A (IGBT)) at similar
geometrical dimensions. Furthermore, the on-state voltages of
the IGCTs are substantially lower at identical device currents
(C.g. V;)n,IGCT =14 V, ‘/on,IGBT =40V at IL = 1500 A, TJ =
125°C).

The IGBT with clamp shows a better switching behavior
than the IGCT (e.g. a reduction of turn-on losses by 51% and
of turn-off losses by 15% at I}, = 1500 A). Compared to the
hard switching IGBT, the clamp configuration enables a drastic
reduction of the IGBT turn-on losses (e.g. by 95% at I} =
1500 A). Although the maximum instantaneous power of the
diode is maximal at hard switching, the diode turn-off losses
of all three switch configurations are similar.

It is obvious that for similar geometrical dimensions, the
PP IGBT suffers from the limited IGBT die size, the large
passivation area and the round press pack housing. If IGCT
and IGBT at comparable active silicon areas are considered, a
125 mm PP IGBT must be compared with the analyzed 91 mm
IGCT. In this case, the characteristics of the device structures
are decisive.

D. Comparison of IGBT and IGCT at die level

It is interesting to note that the current density of the IGBT
at the maximum device turn-off current is 20% higher than that
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of the IGCT (IGBT: J = 112 A/cm? at Icy = 2400 A, IGCT:
J =932 A/cm? at Itcom = 4000 A). If the IGBT is operated
in the same circuit configuration as the IGCT, the switching
losses are substantially lower in the entire current density
range. Exemplarily, the IGBT switching losses are reduced by
about 23% (hard switching) and 54% (clamp operation) at T;
= 125°C. Since the IGBT has a higher on-state voltage, the
lowest losses are generated by the IGCT at low and by the
IGBT at medium to high switching frequencies.

V. CONCLUSIONS

In this paper, 85mm 4.5kV IGCTs and PP IGBTs are
compared. Both semiconductors have very similar geometric
dimensions. However, the limited maximum die size of IGBTs,
the corresponding large passivation area and the packaging of
the IGBT dies in a round press pack housing are the reasons
therefore, that the active silicon area of the PP IGBT is only
50% compared to the IGCT. The PP IGBTs are operated hard
switched and in a clamp configuration which is identical to that
of the IGCT.

The operation of IGBTs with clamp circuit is an effective
method to decrease the device switching losses. Thus, an
increase of the converter power and/or the switching frequency
can be achieved. As a drawback, additional expenses for the
clamp circuit and additional clamp losses have to be considered
[17]. Nevertheless, it is expected that IGBTs with clamp
operation will increasingly be applied in medium voltage, high
power applications.

IGCTs enable a higher switch utilization than PP IGBTs with
clamp, due to the higher turn-off current capability for equal
disc area, and the lower on-state voltages despite the slightly
higher switching losses. Compared to hard switching IGBTs,
the switch utilization of the IGCT is further increased due to
the reduced switching losses. [1], [2]

Comparing IGCTs and PP IGBTs at similar current densities
and active silicon areas, the investigations show a higher
turn-off current capability, higher on-state voltages and lower
switching losses for the IGBT. While the on-state voltages of
the IGBT are increased by 0.8...2.5V, its switching losses are
reduced by about 23% at hard switching and 54% at clamp
operation.

Taking the further advantages of the IGBT structure like the
short circuit turn-off capability, the adjustment of the switching
speed by the gate unit, the low gate drive power, the possible
avoidance of clamp components as well as the simple series and
parallel connection into account, the IGBT structure is superior
in the majority of characteristics and applications. Considering
the high innovation potential of IGBTs and the high degree
of maturity of IGCTs, a further increase of the importance of
IGBTs is expected for the future.
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