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IGBTs for 3-level inverters
Improved efficiency in DC/AC conversion

Electrical energy is an extremely valuable commodity and many market studies demon-
strate that the demand for electrical energy is continually increasing exponentially. In the
period from 2001 to 2006, energy consumption increased by 16.1% increase (Source: BP
Statistical Review of World Energy, June 2007). Owing to the limited availability of elec-
trical energy and ever increasing oil prices, however, a new technical age has begun — an

age in which the goal is to reduce electrical energy consumption and promote research

into alternative sources of energy. As a result, continuous improvements are urgently
needed on the efficiency front in all industrial and consumer applications.

By Marco Di Lella and Riccardo Ramin, Product Manager SEMIKRON ltaly

When we speak of efficiency, we are refer-
ring mainly to electrical efficiency. This
usage, however, is a restriction of the mean-
ing of the word efficiency itself. In power
electronic applications the main goal pur-
sued by engineers in the development of a
new product is to maximize different types of
efficiency such as electrical and thermal effi-
ciency, as well as optimize harmonic distor-
tion and overall dimensions.

The above-mentioned goals have to be ful-
filled in line with other increasingly tighter
goals: the achievement of economic efficien-
cy and development times. One question
that arises in this context is whether more
powerful modules with better efficiency rates
can meet the all-important efficiency goals.

SEMITOP® power modules boast excellent
thermal performance and integrate the latest
silicon technologies and highly innovative
circuit topologies, resulting in maximum effi-
ciency and cost effectiveness. The isolated
power modules are for PCB soldering. The
use of a single mounting screw and the cop-
per baseplate-free design ensure excellent
thermal performance, resulting in unbeatable
reliability in application. Reliability is also val-
idated in an extensive qualification pro-
gramme based on 17 different tests per-
formed for more than 10,000 hours.

The SEMITOP® product range has been
expanded, adding a new module specifically
developed for 3-level inverter applications.

Three-level inverter topology is being used
increasingly often in UPS applications,
including those with medium-low power rat-
ings (5-40 kVA).
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Multilevel inverter technology is based on a
rather simple concept: IGBT modules are
connected in series, allowing for voltage ra-
tings far higher than the IGBT reverse block-
ing voltages. This concept was first intro-
duced for high-voltage and high-power con-
verter applications in order to allow for the
use of standard IGBTs in applications with
voltage ratings in the tens of thousands
range.

The use of multilevel inverters is a simple
way of improving efficiency in DC/AC con-
version. The converter produces an output
waveform very close to a sinusoidal wave
with extremely low harmonic distortion lev-
els. This boasts two advantages: The switch-
ing frequency can be lower than that of a
typical two-level application, allowing for
reduced silicon losses; and a reduced output
filter results in a reduction in overall dimen-
sions and costs.

A typical three-phase inverter designed in
half-bridge topology (Figure 1) allows for an
output voltage waveform that can switch
between two voltage levels only. The topolo-
gy in Figure 1b, by contrast, allows for an
output voltage waveform that switches
through three voltage levels, which is why
this topology is also known as three-level
inverter topology.

We will now analyse the principle behind a
three-level inverter in order to ascertain the
differences between it and a conventional 2-
level inverter [1]. For a three-phase three-
level inverter a structure similar to that used
with 12 electronic devices (IGBT) is needed
(see Fig 2). Each phase will switch across
three voltage levels (+Vyc/2, 0, -Vy4c/2). In a
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Figure 1 — Typical leg of a 2-level inverter
(2L) and a 3-level inverter (3L)

structure such as this the maximum voltage
across the IGBT is limited to half the maxi-
mum DC link voltage (V4c/2). This is down to
the fact that the IGBTs are connected to the
neutral point (MP) by two fast diodes called
neutral clamp diodes.
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Figure 2 — Three-phase three-level inverter
topology
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Three-phase two-level inverter Pulse Width Modulation generation
algorithms [2] can also be applied to multilevel inverters. The algo-
rithms with a triangular carrier waveform produce the best benefits in
terms of harmonic distortion reduction, i.e. a three-level inverter
needs both a carrier and a reference.

In this case the number of triangular carriers is equal to L-1, L being
the number of voltage levels. For a three-phase three-level inverter
this means that two triangular carriers and one sinusoidal reference
are needed.

Three alternative PWM strategies with differing phase relationships
can be used for a three-level inverter:

- Alternative phase opposition disposition (APOD), where carriers in
adjacent bands are phase shifted by 180°

- Phase opposition disposition (POD), where the carriers above the
reference zero point are 180°out of phase with those below zero

- Phase disposition (PD), where all carriers are in phase across all
bands
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Figure 3 — Principle behind a three-level inverter
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PD strategy is used most frequently because it produces minimum
harmonic distortion for the line-to-line output voltage. Triangular carri-
ers and sinusoidal reference profiles, as well as IGBT and NCD cur-
rent profiles are shown in Figure 3.

A three-level inverter appears to comprise highly complex circuitry
compared with a two-level inverter. The resulting technical and eco-
nomic advantages, however, are the reasons why the use of three-
level inverters is strongly recommended.

Here, two standard modules will be compared in the same applica-
tion with identical boundary conditions, as described in Table 1
([31,[4])- The IGBT and diode conducting and switching losses are
calculated using the formulae given in Table 2 [5],[6].

A three-level inverter features an IGBT with a lower reverse blocking
voltage - 600V instead of 1200V. 600V chips are normally faster and
thinner than 1200V chips. The silicon in a three-level inverter there-

fore has lower switching losses and a lower forward voltage drop.

S=20KVA cos (¢) =0,85 | fsw=20kHz
M=1 Vims = 400V loutms = 29 A

ipk=40,8 A Ts =80°C
Bllfci:;ng lc@ Vcas:é‘\typ Eon+Eoff @ IGBT
Voltage Ts=80°C chip level Ic=50A,Rg=33Q Rthj,s

4,2mJ @
SK 30 MLI 066 600V 31A 1,65V Vce=300V, Tj= 150°C 1,8 [K/W]
SK 60 GB 128 1200V 44A 1,9V 12,5mJ 0,6 [KIW]
! @Vee=600V, Tj=125°C !

Table 1 — Conditions of simulation and main IGBT parameters

As shown in Table 3, the total losses per single arm of the three-level
inverter are 60% lower than those of the two-level inverter. Q2 and
Q3 switching losses are negligible.
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D1 and D4 diodes carry a very low current value since the current of
Q1 commutes to D5; the current of Q4 commutes to D6, while the
current of Q2 commutes to Q3. Clamp diodes carry the full load cur-
rent.

3 Levels Inverter (3L)
Py =U, Ly +r,- I,
M-I 7.
Conduction losses I, = -[sm‘(p{ +(ﬂ*‘(p‘)COS(p]
IGBT Q1/Q4 T
M-1 4 1
I’ = 1+—cos@p+—cos(2
= [ 5 Cosp+S (w)}
P, =U, L, +r,-I°,
_ oM.
Conduction losses l,,=—- -[sm‘(o‘—‘w‘)cosw]
IGBT Q2/Q3 T 4w .
I’ M-I 4 1
Il =——"——|1-=cosp+—cos(2
ST s [ 3 00sPt3 ((p)}
Switching losses _ »
IGBT Q1/Q4 Rw - T (Eun + E(ﬁ) .fm

2 Levels Inverter (2L)

1 (Ve » 2 Vep N2
P == =L S G | mcosg |~y L2
2 V4 4 8 3.z

Conduction losses

Q1/Q2

Kv
Switching losses P —f -E V2 I [V,
IGBT Q1/Q2 sw - Jsw BT
eeTaiQ 7 Ly \ Ty

Table 2 — Formulae used to calculate switching and conducting loss-
es for a 3L inverter [5] and a 2L inverter [6]

SK 30 MLI 066 SK 60 GB 128
IGBT: total losses per arm 118 W IGBT: total losses per arm ‘ 176,11 W
Neutral clamp diode total losses (D5/D6) 28W Diodes total losses ‘ 53 W
Total losses per arm 146 W Total losses per arm ‘ 229 W

Table 3 — Analysis of losses: 3L inverter vs. 2L inverter

Figure 4 shows the overall losses as a function of the switching fre-
quency for a single inverter leg (3L vs. 2L). In order to reduce noise
pollution, UPS applications in the 20KVA range work with switching
frequencies above the audible human hearing range. In this switching

60% less losses with a 3-level inverter
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Figure 4 — Comparison between total losses per arm and frequency

frequency range, the total leg losses for a 3L inverter are significantly
lower than those of a 2L inverter.

Moreover, in a 3L inverter, the output voltage waveform is very similar
to a sinusoidal wave, which is why the 3L inverter needs very small
output filters. Stresses acting on the 3L IGBTs and diodes are there-
fore reduced, thus increasing the long-term reliability and the overall
application efficiency.

From an economic perspective, in this specific analysis, a 3L inverter

leg based on 600V silicon is 25% cheaper than a 2L inverter leg with
1200V silicon.
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The real benefit of a 3L inverter is the reduced stresses on the power
switches owing to the lower losses as well as the fact that the output
voltage switches through three voltage levels. The resultant output
voltage waveform is almost sinusoidal with a reduced harmonic dis-
tortion, leading to the use of smaller output filters. Reduced overall
losses also mean that a smaller heat sink can be used. A smaller
heat sink and smaller output filter allow for reduced overall dimen-
sions in the UPS application, which in turn reduces the overall appli-
cation costs.

For the aforementioned reasons, the use of a standard SEMITOP®
module in 3L inverters for UPS applications can maximize electrical
and thermal efficiency, reduce the time to market and, more impor-
tantly, reduces the overall costs for the UPS application.

SEMITOP at a glance
Features of SEMITOP® modules:

e DCB in direct contact with heat sink: no baseplate needed
e A ceramic layer for insulation
e Pins for PCB soldering
e One mounting screw for easy mounting
o Current rating
up to 200A for 600V IGBT
up to 100A for 1200V IGBT
up to 300A for Mosfet

SEMITOP® modules allow for:

e Reduced assembly costs
e Optimum thermal resistance
up to -30% compared with isolated TO
up to -18% compared with IMS
e The combination of a wide range of topologies with a wide
range of chip technologies: input bridges, inverters, AC switch-
es, half-bridges, converter-inverter-brake, brake chopper
e Compact design with cost and space savings
e The use of pins with extremely low series resistance: up to 14%
lower conducting losses than competitor technology

All modules are RoHS compliant
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