AN-2020-15

Introduction to discrete 650 V TRENCHSTOP™
IGBT7 T7 family
About this document
Scope and purpose
The 7th generation of discrete IGBT and diode technology with outstanding performance has been released as a
flexible series to supersede Infineon’s short-circuit rated TRENCHSTOP™, TRENCHSTOP™ Performance, and
HighSpeed 3, and to be used as an alternative to the non-short-circuit rated TRENCHSTOP™5 technologies.
The 650 V TRENCHSTOP™ IGBT7 T7 IGBT (hereafter referred to as IGBT7 T7), co-packed with brand-new, fullrated EC7 (emitter-controlled) diodes, offers a significantly reduced IGBT saturation VCEsat and diode forward VF
voltage. The maximum blocking voltage VCE was also increased from 600 V to 650 V. The IGBT7 T7 with its
superior controllability and short-circuit ruggedness delivers the highest electrical performance among SC
devices, with a humidity robustness of HV-H3TRB.
IGBT7 T7 is the best-in-class device for industrial motor drives providing a great ease of use in a wide range of
applications including UPS/PV and air conditioner PFC topologies.
Intended audience
This application note is intended for people who would like an introduction to the discrete 650 V IGBT7 T7
family.
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Introduction

1.1

Instructions

The following information is provided only as a reference for the implementation of the device, and is not to be
regarded as a description or warranty of a certain functionality, condition or quality of the device. This
application note is intended to explain the general improvements and benefits of the 7th generation of the 650 V
discrete IGBT family. It provides background information for designers of power electronic systems with
detailed information regarding the benefits of designing discrete IGBT7 T7 devices in customer applications.

1.2

Discrete 650 V IGBT7 T7 overview

The discrete 650 V IGBT7 T7 and EC7 (emitter-controlled 7) diode technologies have been developed as
successors to the state-of-the-art Infineon technologies represented by the following:
-

600 V TRENCHSTOP™ IGBT co-packed with emitter-controlled HE diode (IKWxxN60T referred to as 60T)

-

600 V TRENCHSTOP™ Performance DuoPack IGBT and diode series (IKWxxN60DTP referred to as DTP)

-

HighSpeed 3 H3 IGBT co-packed with soft, fast-recovery anti-parallel diode (IKWxxNH3 referred to as
H3)
xx in brackets represents the current rating of the devices

Figure 1

Overview of Infineon 600 V / 650 V IGBT technologies in TO-247 package

The 7th generation of IGBTs provides a higher breakdown voltage (650 V) and at higher efficiency, with an easy
plug-and-play solution. IGBT7 T7 primarily targets the industrial motor drives applications, and is also a good
fit with PV/UPS and air-conditioning PFC applications, especially when the short-circuit withstand time is
required. The key features of the new generation can be highlighted as follows:
-

Low IGBT saturation (VCEsat) and low diode forward (VF) voltage

-

High collector-emitter voltage 650 V and 3 µs SCWT rating at 150°C and Vcc = 400 V

-

Superior controllability

-

Improved humidity ruggedness

More details about the benefits and features of the new generation will be addressed in Chapters 2 and 3.
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1.3

IGBT technology

For the 7th generation of discrete IGBTs (IGBT7 T7), an IGBT structure based on micro-pattern trenches (MPT) is
used. This cell concept is characterized by implementing parallel trench cells separated by sub-micron mesas
in contrast to the formerly used square trench cells. Figure 2 shows a schematic drawing of an MPT structure
with trench designs. For trench cells with smaller cell pitches and narrow mesas between gate areas, the carrier
storage close to the emitter electrode increases considerably. Therefore, there is a significant increase in
electrical conductivity in the drift zone, which leads to a significant reduction in forward voltage. [1]
The new technology and a new structure allow a further improvement (lower) of the switching losses and a
further decrease of saturation voltage VCEsat.

Figure 2

Chip technology overview [1]
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Product benefits

2.1

Lower IGBT saturation (VCEsat) and lower diode forward (VF) voltage

Comparing IGBT7 T7 with TRENCHSTOP™ and HighSpeed technologies (60DTP, 60T and 60H3) shows a big step
in the reduction of static losses.
Its on-state IGBT voltage VCEsat is reduced by up to 30% (650 mV) compared to the 60H3 chip. This represents a
significant loss reduction in the final application, especially for industrial drives applications that usually
operate with moderate switching frequencies.
Not only the IGBT itself, but also the diode forward voltage (VF) of the emitter-controlled diode EC7, is tailored
to drives applications. Compared to the previous co-packed diodes, it has a lower forward voltage drop of up to
150 mV (in comparison to the 60DTP family), and also an improvement in reverse-recovery softness.

Figure 3

IGBT7 T7 maximum value of saturation voltage and EC7 diode forward voltages in
comparison to predecessor generations

Figure 3 shows the saturation VCEsat and forward VF voltages of the 650 V IGBT7 T7 family in comparison to
predecessor generations of Infineon chips.
In summary, the IGBT7 T7 offers the best overall diode-forward and IGBT saturation voltage performance,
which contributes to lowering the total losses. Benefits are presented in the following sections of this
document.
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2.2

SCWT, blocking voltage, conduction and switching losses

The short-circuit withstand time (SCWT) for IGBT7 T7 technology is defined to be 5 μs under test conditions of
VCC = 330 V, Tvj = 100°C and VGE =15.0 V, which is relevant to the most applications. SCWT can be used in safe
range of operation in between 3-6.5 µs depends on VCC or Tvj application conditions (as shown in Figure 4). By
keeping the short-circuit capability, the IGBT7 T7 performance has been further improved enabling the system
to show lower power losses and better thermal behavior.

a) Typical SCWT value
Figure 4

b) Safe range of operation

Typical and safe SCWT value of 650 V IGBT7 T7 technology

Figure 5 represents four main features of the Infineon IGBTs with a strong focus on the motor inverter. The
spider chart illustrates that the 7th generation allows a big improvement in conduction and switching losses,
which considerably benefits manufacturers in their operation. Details are provided in Chapter 3.

Figure 5

The spider chart of IGBT7 T7 technology features in comparison with previous generations

In addition, the IGBT7 T7 blocking voltage has been enhanced by 50 V in comparison with previous generations.
This gives the device a higher margin of blocking voltage, which allows the possibility of higher overshoot
voltage on the switch (potentially faster switching), an increase in DC link voltage, and higher reliability.
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2.3

Controllability

The predecessor technology, TRENCHSTOP™ IGBT3 family, e.g. IKW50N60T, is known to have superior
controllability and excellent EMI performance. IGBT7 T7 maintains this feature with up to 20% lower total
power losses.
Figure 6 shows that IGBT7 T7 was designed and optimized to be operated at 5 kV/µs or below. This is ideal for
motor drives applications, where motor manufacturers recommend not to exceed a dv/dt limit of 5 kV/µs at the
inverter terminals under worst-case conditions for 400 V motors. This recommendation is to prevent any arcing
that could eventually cause damage on coil insulation.
The switching speed of the IGBTs is defined as dv/dt=VCE/tr. The voltage and time difference can be
determined in two different ways. The most common way is to use static 90% and 10% values of the DC-link
voltage. The IGBT7 T7 offers a high level of controllability. The controllability corresponds to the device’s ability
to vary the dv/dt by adjusting the value of the gate resistor (RG).
Measurements show that for turn-on conditions, the highest dv/dt of IGBTs is at lower currents. For this, the
controllability chart was measured at 5 A as seen in Figure 6 a).
The worst condition during turn-off conditions was detected to be at around 30 A, therefore the gate resistor
(Rg) selection for the motor drives inverter was done at high current, as seen in the chart in Figure 6 b).

a) ON
Figure 6

b) OFF

IGBT dv/dt versus gate resistance RG for IKW50N65ET7 and IKW50N60T devices
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Benefits of discrete IGBT7 T7 in applications

The 7th generation of 650 V short-circuit IGBT devices (IGBT7 T7) is suitable for industrial applications, especially
as the power component of motor drives inverters. This is usually a two-level, three-phase inverter driving a
three-phase induction or permanent magnet synchronous motor. The IGBT7 T7 can be used as well in a wide
range of applications like UPS (uninterruptible power supply), PV (photovoltaic) and air conditioner PFC (power
factor correction) topologies, especially where short-circuit rating of the IGBT is needed.

3.1

Motor drives

In order to verify the improvement of the IGBT7 T7 in a real application conditions, the new devices were tested
on an evaluation board developed by Infineon and used as test bench to stimulate real motor inverter
conditions. To understand the technology benefits, a one-to-one comparison based on the motor drives
application requirement was done.
More detailed information about the evaluation board can be found in application note [4].

Figure 7

Thermal results and test setup for motor drives application measurements

The new IGBT7 T7 shows outstanding thermal performance providing a lower temperature rise at the target
application operation parameters. The temperature distribution is quite uniform throughout all power ranges,
as demonstrated by detailed analysis of the thermal results shown in Figure 7. This allows existing applications
to increase the power of the system by up to 25%, while maintaining a similar temperature of the devices. If the
same power is maintained, but the older technologies are replaced with IGBT7 T7, the power switches can be
driven with a lower temperature rise of up to 15%. This translates into increased reliability and longer life
expectancy for the device, especially in harsh thermal environments to be encountered in real applications.
Application measurements confirm the superiority of IGBT7 T7 having the lowest temperature among
TRENCHSTOP™ technology and competitors.

Application Note

7 of 13

<Revision 1.1>
2020-11-13

Introduction to Discrete 650 V IGBT7 T7 Family
Benefits of discrete IGBT7 T7 in applications
To conclusively demonstrate the performance of the proposed IGBT7 T7 discrete solution in comparison to
predecessor generations and competitors, a simulation model based on a three-phase B6 topology has been
developed to estimate the losses of the inverter:

a) Conduction and switching losses trade-off split

Figure 8

b) Total power loss comparison

Power loss comparison of Infineon and competitor devices in motor inverter simulation

Figure 8 shows the distribution of losses per switch for an inverter stage, where the simulation was done at
100°C Tj, switching a load current of Iph = 35 A. The IGBT7 T7 has a low loss contribution, and exhibits a good
balance of conduction and switching losses at 15 kHz switching frequency. Thanks to this, the inverter stage
performs better in all load ranges when compared against previous generations and many competitor devices.
This simulation explains the real application measurement results shown in Figure 7.
When comparing the IGBT in motor drives applications, results show that the newly developed 650 V device
from Infineon is the best in class among all short-circuit rated devices.

3.2

UPS, PV and air conditioner PFC applications

As in the previous section, a study was done in order to understand the performance of the newly developed
IGBT generation in applications such as UPS, PV and air conditioner PFC. On the one hand, the focus was to
understand how the IGBT7 T7 would perform in UPS/PV applications, and on the other hand, to see the
improvement of performance in air conditioner PFC applications.
There are many UPS/PV designers who still require short-circuit devices, and use TRENCHSTOP™ Performance
IGBT and HighSpeed 3 H3 IGBT families in order to get the best performance. There are also many designs that
do not require short-circuit rugged devices, for which the TRENCHSTOP™ 5 family is recommended (L5, H5, but
most typically S5 devices). The IGBT7 T7 performs much better than 60T or H3 solutions and it is an excellent
alternative to S5 or H5 devices. This means that IGBT7 T7 closes the gap between TRENCHSTOP™ 5 and the
HighSpeed 3/ TRENCHSTOP™ Performance family. For more details, see Figure 9 a).
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a)Total power losses comparison in UPS application

Figure 9

b)Trade-off losses split in Air Conditioner PFC
application

Power loss comparison in UPS/PV and air conditioner PFC applications using IGBT7 T7 devices

From Figure 9 b), it can be seen that the best Infineon device for PFC air conditioners is definitely the non-SC
rated TRENCHSTOP™ 5 technology (WR5), where the IGBT7 T7 is at the same level in terms of conduction
losses. But looking at the trade-off diagram in a comparison with short-circuit rated HighSpeed 3 H3 IGBTs, a
huge improvement in conduction losses is evident. HighSpeed 3 devices are still often used in
existing/standard PFC topologies requiring short-circuit capability. For those topologies, IGBT7 T7 is a perfect
replacement, albeit with improved performance.

Application Note

9 of 13

<Revision 1.1>
2020-11-13

Introduction to Discrete 650 V IGBT7 T7 Family
Conclusion

4

Conclusion

The 7th generation of Infineon IGBTs represents a significant technology improvement over predecessor
generations. IGBT7 T7 is the best-in-class device for use in multiple applications and topologies including
industrial motor drives, and UPS/PV markets, and PFC topologies.
In summary:
IGBT7 T7 product features include:
– lower VCEsat of 1.35 V and lower switching losses
– higher breakdown voltage of 650 V
– faster, full-rated co-packed EC7 diode, more efficient and softer than Rapid 1 diode
– improved high-voltage humidity ruggedness (HV-H3TRB test passed)
– pulsed current rating which is 3x higher than nominal (In)
Advantages of IGBT7 T7 in applications:
-

It is the best-in-class device in motor drives applications, where it shows up to 25% higher power
density or up to 15% lower temperature rise, therefore having lower cooling requirements at the same
power.

-

In UPS/PV applications, it closes the gap to non-short-circuit rated devices like TRENCHSTOP™5 (S5, H5,
L5), and it performs much better than HighSpeed 3 (H3) and TRENCHSTOP™ Performance (60T)
families.

-

For air conditioner PFC, it offers low conduction losses at a level of non-SC rated TRENCHSTOP™ 5
technology (WR5), and shows a huge performance improvement when compared with short-circuit
rated HighSpeed 3 technology.
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