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Abstract:

The need for higher frequency operation in
motor drives and Energy Management
Systems, along with the conflicting demands
for high average current in, for instance,
circuit breakers, is forcing the development
of  application-specific  devices. The
Integrated Gate-Commutated  Thyristor
(IGCT) lends itself well to these adaptations
through carrier lifetime engineering on the
one hand and the flexible functionality of its
standard gate unit on the other. The latest
developments of the 91 mm 4.5 kV IGCT have
led to three device variants capable of
optimally satisfying the needs of such
disparate applications as Static Breakers,
Traction Drives and high frequency Medium
Voltage Drives, all of them using the same
standard gate unit.

Introduction

The Integrated Gate-Commutated Thyristor
(IGCT) operates on the principle that thyristors
are ideal conduction devices whereas transistors
are ided turn-off devices [1]. The IGCT
therefore converts a thyristor structure to a
transistor structure prior to turn-off by fast
commutation of the cathode current. This results
in a device which dynamicdly and saticaly
blocks like a transistor (open-base pnp transistor
producing the same turn-off losses) but conducts
like a thyristor i.e. with about half the on-state
voltage compared to an IGBT, due to the greater
plasma density produced by its two emitters (pnp
& npn transstors). Fig. 1 illustrates the principle
of operation and Fig. 2 shows a typica turn-off
waveform.

Demands are now being made for application-
specific devices which are served by tailoring the
same wafer to Power Distribution, Energy
Management [2], Traction and Industrial Drive
requirements [4].This has been done by lifetime
control techniques and an advanced gate-unit
design that meets al the requirements of the
aforementioned applications. The IGCT is the
fird¢ power semiconductor to be supplied
integrated into its gate-unit with the supplier
taking the responsbility for the complete switch
function. This is made possible by virtue of the
fact that the device is only a switch: it makes no
attempt to modulate transition speeds neither on
nor off. As aresult, the gate-unit is neither type
nor voltage specific which alows a high degree
of material and process standardisation in its
production.

In this paper device characteristics and
functionality are described with emphasis on
turn-off losses over a wide voltage and current
range and frequency/current limitations of both
gate drive and semiconductor of different

application-specific types.
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Fig.2 IGCT turn-off exhibits same
waveform and losses (Eorr) as

transistor.

Application-Specific Carrier

Lifetime Engineering

Charge

Currently required device trade-offs are: low on-

state losses (e.g. breakers), low switching
losses (high pwm frequency motor drives or a
wide temperature range and low total losses
(eg. traction drives). For these different
requirements, the origind 4 kA/45 kV device
was tailored by carier lifetime and “shifted”

aong its Eser Vs V1 (or “technology”) curve
alowing 20% turn-off loss reduction for the high
frequency device. In Fig. 3 the turn-off losses of

the aforementioned IGCT are shown as a
function of its on-state losses for two different
lifetime control technologies and a wide range of

lifetime adjustments. Three different IGCT types
with optimised low on-state losses, low total

losses and low switching losses (Fig. 2, Types
12, 10, 11, respectively) are presented. See
Table 1 for comparison of key parameters.

Turn-Off L osses

The lifetime control techniques of Fig. 3 result
in different turn-off loss curves for the three
devices as functions of turn-off current and
DC link voltage, shown in Fig. 4
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asymmetric
4kA/4.5kV 1GCTs with two different
lifetime control technologies (filled

diamonds:  homogeneous  lifetime
engineering, open circles: locd lifetime
engineering).

With these two lifetime control

technologies three application groups
with different switch requirements are
served with asingle wafer:

Type 12: low on-state |osses
Type 10: low total losses
Type 11: low switching losses
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Turn-Off Capability
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Turn-off energy at 125°C for 5SHY 35L4512

TABLE1-  Overview of the three different types of 4.5kV asymmetric IGCTs and their typica
gpplications

Type low on-state losses | low total losses low switching losses
(Type 12) (Type 10) (Type 11)

Part N° BSHY 3514512 5SHY 35L4510 5SHY 3504511

Junction temp. range -40°C —125°C -40°C —125°C 10°C -125°C

Vv @4KA, 125°C 2V 27V 35V

Eorr @ 4 kA, 2.8 kV,[37Ws 22 Ws 17 Ws

125°C

Typica application AC/DC breakers Traction, Energy Management | high frequency MVDs
(SSB)
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Gate-Unit

This new generation of IGCTs is comprised of a
gate driver whose functiondity is suitable for
symmetric, asymmetric and reverse conducting
GCTs of any voltage class and application up to
1000 Hz. The dlowed ambient temperature
range is extended to 40 °C and +60 °C. A
single AC power supply dlows direct supply
from an isolation transformer. Furthermore,
these new devices are vibration tested to IEC
61373 (Cat. 1, Class B for Traction) and EMI
tested to severe electromagnetic, electrostatic
and common mode stress conditions derived
from demanding applications. The particular
gate-unit used with the new 3-device group of
tailored IGCTs described in this paper is shown
asacomplete IGCT in Fig. 5

Control Power Consumption

The power supplied to the gate-unit fallsinto
two parts:

a) a therma disspation in the gate circuit,
shown in Fig. 6 (which includes gate-
cathode junction). It is dependent on the
switching frequency (for turn-on pulse
generation, lgyv), the duty cycle (for
“back-porch” generation, Ig), and ambient
temperature. At higher  ambient
temperatures the “back-porch” current is
reduced in order to achieve better thermal
behaviour of the gate drive without
compromising the GCTs need for a high
level of “back-porch” current a low
temperatures. The no-load power
disspation istypicaly lessthan 5W.

b) a part which is transferred to the load
during turn-off (see Fig. 1b) and must be
replaced after turn-off.

The sum of &) and b) above is shown in Fig. 7
for al 3 types. It is strongly dependent on
switching frequency and I+go.

Fig.5 New IGCT types 5SHY 35L4510/11/12
showing versatile gate-unit for VSl and
CSl applications down to —40°C (5SHY
35L4510) and PWM frequencies of 1000
Hz (5SHY 35L4511 & 12).
All three types have a single AC power
supply, fibre-optic gate-status feedback,
visble LED satus indication, are suitable
for series connection and meet IEC
61373 vibration requirements.

0 100 200 300 400 500 600 700 800 900 1000
Switching frequency [Hz]

Fig. 6 Power dissipation in the gate-circuit and
in the gate-cathode junction of the GCT
for duty cycles of 0.1, 0.5 and 0.9. The
ambient temperature for the shown
charakteristicsis 25 °C.
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Fig. 7 Tota control power consumption
(dissipated plus transferred power)
as a function of turn-off current, lvgq
and switching frequency, fs of device
types 5SHY 35L4510/11/12.
Duty cycle=0.5, T; = 125°C

Power Supply Input

In order to smplify the control interface and to
reduce system costs, a rectifier and voltage
regulator are integrated in the gate-drive
board. This alows direct connection to an
isolation transformer with an AC square-wave
output-voltage range of 24 to 40 V. The
device is however optiondly available for a
regulated input voltage of 20 Vpc +/- 0.5 V
making it reverse compatible with earlier
IGCTs. This further alows operation at
frequencies of up to 1500 Hz continuous since
the added dissipation of the built in regulator is
then eiminated.

Propagation Delay Tuning

In applications with series connection (which
require snubbers for voltage sharing) [4],
banding of devices with similar turn-off delay
times is used to minimise snubber
requirements. In this new gate-drive design,
“pogt production tuning” of propagation delay
times can be implemented achieving a single
group of 100 ns spread which dlows a
snubber capacitor of below i for a 4 kA
device switching 12 MW.

Status Feedback

The optical status feedback provides
supervision of:

- theregulated interna supply voltage
- the state of the gate-to-cathode output

- theoptica signa transmission of both
command and the feedback itsalf.

Errors in the above will result in fault status
feedback (without detailing which fault
occurred). An additional detection input can
be made available (e.g. for anode over-voltage
detection in series connection) with the errors
announced via the same optica feedback
connector.

Versatile Protection Concept

Because the gate-drive behaves as a save,
the protection sequence can in most cases be
controlled via the command input. Even in the
case of power supply failure the hold up time
is normally sufficient to carry out a controlled
shut down of the inverter before gate control
is lost. This concept works for both VSl and
CSl [5] applications.

IGCT Chopper Operation Diagram

The advantages of the different types of IGCTs
(Type 10, 11, 12) with respect to ther
gpplications are shown in Fig. 8 by comparing
the thermal limitation of the GCT with that of the
gate-unit in a smple chopper application. Here
the maximum alowable continuous switching
frequencies for both the GCT and gate-unit are
compared as a function of the turn-off current.

Dynamicaly, the IGCT has a burst capability of
25 kHz for 10 pulses as shown in Fig. 9. In this
test, the device starts at T; = 25 °C and with a
DC voltage of 3500 V. The pesk switching
trangent is initially 4.5 kV and decreases as the
DC link discharges. The test is stopped when the
anode current reaches 4 kA on the 10" pulse.

Improvements both in  dlowable junction
temperature and thermal resistance since the
device's introduction in 1997 have increased the
standard devices current rating by amost 75%
(present type 5SHY 35L4510 vs origind type
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5SHY 35L4502) as shown in Table 2. The
present introduction of the low on-date type
5SHY 35L4512 has effectively doubled the
rating.
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Fig.8 B5SHY 35L4510/11/12 max steady-
dtate frequency vs turn-off current in
snubberless chopper mode.

Anode voltage and current (V, A)

Fig. 9

ime (&
25 kHz 10-pulse burst operation of
IGCT type 5SHY 35L4510

VDCstan =3500V

Conditions: Tosan =25°C

- T;=125°C VM peak = 4500 V

- Tc=85°C I 76Q peck = 4000 A

- Duty Cycle=0.5 B

) Ve = 2800V Duty cycle=0.5
Table 2. Irms rating improvements of IGCT Type 10

1997 1998 1999 2000 2001 2002 2003 2004

Junction Temp (°C) 115 115 125 125 125 125 140 140
Rrh 35 (K/kW) 15.0 14.0 14.0 14.0 115 115 115 105
Increasein Irms 0% % 43% 43% 74% 74% 139 162%
w.r.t. 1997 for T¢ =
85°C
Shaded area are targeted values
PCIM page 6 of 8 USA November 2001
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Reiability

The field rdiability established to-date (since
1996) is less than 200 FIT (FaluresIn-Time in
failures per hillion device-hours) which compares
favourably with a predicted rate of 250 FIT for
the IGCT of which 50 FIT can be ascribed to the
GCT (the power semiconductor part). A detailed
reliability andyss of IGCT gate units is outside
the scope of this paper, but the most frequently
mentioned reliability concern of todays
customers will be adressed, namely the reliability
and the lifetime of the gate driver's on-board
capacitors which are of the “high ripple current,
long life, 105°C" type. Due to the built in
redundancy of the capacitor bank, and the
modest voltage stress (20 Volt operating versus
35 V rated voltage), the falure rate of the
capacitor bank is a tiny portion of the overal
IGCT FIT-rate. This statement is also supported
by the field experience made not only with IGCT
gate units, but also with GTO gate units.

Fig. 10 shows the rated lifetime of the capacitor
bank as afunction of ambient temperature.
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Lifetime of the on-board gate-unit capacitor bank
as afunction of gate unit ambient temperature.

Standar disation

The key to cost-effective and reliable Power
Electronics (PE) lies in dmplicity and
standardisation of components. This mantra has
been the Leitmotiv of IGCT development from

the outset and results in a growing family (14
devices at present) of 4.5 and 6 kV symmetric
[6], asymmetric and reverse conducting devices
al based on the same manufacturing and
encapsulation processes. The new gate unit for
the described devices is based on a standard but
versatile platform  which  dlows al the
aforementioned device types to operate in al PE
applications:

Current or voltage source inverters
AC or DC breakers

Traction, industria and T&D
environments

Hi-Rel applications such as sub-sea
ingdlations

Resonant series or paralld inverters
Snubbered or un-snubbered circuits
Series connection

High current or high frequency
gpplications

Systems with AC or DC gate power
supplies.

The simple construction of a 91 mm reverse
conducting GCT deviceisshownin Fig. 11.

Fig. 11

Open 6 kV reverse conducting IGCT rated
1800 A turn-off current showing wafer and
housing parts.

For the 4.5 kV/4kA devices described in this
paper, only the wafer is different — al housing
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parts, as well as the gate unit are the same.

Conclusions

After five years of service and after only four
years of market introduction, the IGCT has
established itself as a polyvaent power switch
for Energy Management (Power Quadlity),
Traction and Industriad Drives in both VS and
CSl topologies and is finding new applications in
Power Generation and Industrial Processes such
as high current rectifiers and induction furnaces.
The need for both component and platform
standardisation is met by using standard wafers
taillored only by lifetime engineering technologies
(,back-end* processes). Together with standard
gate-units and housings, IGCTs dlow flexibility
and standardisation for both equipment and
semiconductor manufacturers. Both  these
aspects are essentia requirements for the
redisation of reliable and cost-effective designs
in high power dectronics. With only four
standard housings/gate-units and ease of series
connection, IGCT equipments today cover a
power range from 0.3 to 300 MW.
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