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Abstract

This application note explores the use of a GreenPAK IC in Power Electronics Applications. This app
note will demonstrate the implementation of a single-phase inverter using different control
methodologies. In this app note Square and Quasi Square techniques will be implemented using a
SLG46621V GreenPAK IC. One switching pattern is applied to SW1 and SW4 simultaneously,
whereas the other switching pattern is applied to SW2 and SW3. Complex switching patterns are
generated using the GreenPAK IC in order to realize the Quasi-square wave inverter implementation.

This application note comes complete with design files which can be found in the References
section.
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1 Terms and Definitions

AC Alternating current

DC Direct current

THD Total harmonic distortion
PWM Pulse width modulation

2 References

For related documents and software, please visit:
GreenPAK™ Programmable Mixed-Signal Products | Renesas

Download our free GreenPAK™ Designer software [1] to open the .gp files [2] and view the proposed
circuit design. Use the GreenPAK development tools [3] to freeze the design into your own
customized IC in a matter of minutes. Find out more in complete library of application notes [4]
featuring design examples as well as explanations of features and blocks within the GreenPAK IC.
[1] GreenPAK Designer Software, Software Download and User Guide

[2] AN-CM-270 Design and Implementation of Single-phase Inverter.gp, GreenPAK Design File

[3] GreenPAK Development Tools, GreenPAK Development Tools Webpage

[4] GreenPAK Application Notes, GreenPAK Application Notes Webpage
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https://www.renesas.com/eu/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products
https://www.renesas.com/eu/en/software-tool/go-configure-software-hub
https://www.renesas.com/eu/en/document/scd/cm-270-gp-file
https://www.renesas.com/eu/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products/greenpak-development-process
https://www.renesas.com/eu/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products/greenpak-applications
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3 Introduction

This application note explores the use of GreenPAK ICs in power electronics applications and will
demonstrate the implementation of a single-phase inverter using various control methodologies.
Different parameters are used to determine the quality of the single-phase inverter. An important
parameter is Total Harmonic Distortion (THD). THD is a measurement of the harmonic distortion in a
signal and is defined as the ratio of the sum of the powers of all harmonic components to the power
of the fundamental frequency.

3.1 Single-Phase Inverter

A power inverter, or inverter, is an electronic device or circuitry that changes direct current (DC) into
alternating current (AC). Depending upon the number of phases of the AC output, there are several
types of inverters.

e Single-phase inverters
e Three-phase inverters

DC is the unidirectional flow of electric charge. If a constant voltage is applied across a purely
resistive circuit, it results in a constant current. Comparatively, with AC, the flow of electric current
periodically reverses polarity. The most typical AC waveform is a sine wave, but it can also be a
triangular or square wave. In order to transfer electrical power with different current profiles, special
devices are required. Devices that convert AC into DC are known as rectifiers and devices that
convert DC into AC are known as inverters.

3.2 Topologies of Single-Phase Inverter

There are two main topologies of single-phase inverters; half-bridge and full-bridge topologies. This
application note focusses on the full-bridge topology, since it provides double the output voltage
compared to the half-bridge topology.

3.2.1 Full-Bridge Topology

In a full-bridge topology 4 switches are needed, since the alternating output voltage is obtained by
the difference between two branches of switching cells. The output voltage is obtained by intelligently
switching the transistors on and off at particular time instants. There are four different states
depending upon which switches are closed. The table below summarizes the states and output
voltage based on which switches are closed.

Table 1: Switching States and Output Voltage

State Switches Closed Vout
1 S1&S2 +Vdc
2 S3&S4 -Vdc
3 S1&S3 0
4 S2&S4 0

To maximize the output voltage, the fundamental component of the input voltage on each branch
must be 180° out of phase. The semiconductors of each branch are complementary in performance,
which is to say when one is conducting the other is cut-off and vice versa. This topology is the most
widely used for inverters. The diagram in Fig. 1 shows the circuit of a full-bridge topology for a single-
phase inverter.
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Figure 1: Full-Bridge Single-Phase Inverter Topology

3.3 Insulated Gate Bipolar Transistor

The Insulated Gate Bipolar Transistor (IGBT) is like a MOSFET with the addition of a third PN-
junction. This allows voltage-based control, like a MOSFET, but with output characteristics like a BJT
regarding high loads and low saturation voltage.

Four main regions can be observed on its static behavior.

e Avalanche Region
e Saturation Region
e CutArea

e Active Region

The avalanche region is the area when a voltage below breakdown voltage is applied, resulting in the
destruction of the IGBT. The cut area includes values from breakdown voltage up to threshold
voltage, wherein the IGBT doesn’t conduct. In the saturation region, the IGBT behaves as a
dependent voltage source and a series resistance. With low variations of voltage, high amplification
of current can be achieved. This area is the most desirable for operation. If the voltage is augmented,
the IGBT enters the active region, and current remains constant. There is a maximum voltage
applied for the IGBT to ensure it won’t enter the avalanche region. This is one of the most used
semiconductors in power electronics, since it can support a wide range of voltages from a few volts
to kV and powers between kW and MW.

Application Note Revision 1.0 18-Feb-2019
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Figure 2: Insulated Gate Bipolar Transistor

These Insulated Gate Bipolar Transistors act as switching devices for the full-bridge single-phase
inverter topology.

3.4 Pulse Width Modulation Block in GreenPAK

The Pulse Width Modulation (PWM) Block is a useful block that can be used for a wide range of
applications. The DCMP/PWM Block can be configured as a PWM Block. The PWM block can be
sourced through FSMO0 and FSM1. PWM IN+ pin is connected to FSMO whereas IN- pin is connected
to FSM1. Both FSMO0 and FSM1 provides 8-bit data to PWM Block. PWM time period is defined by
the time period of FSM1. The duty cycle for the PWM block is controlled by the FSMO.

Output Duty C l—”V+
utput Duty Cycle = =~

There are two options for the duty cycle configuration:

e 0-99.6%: DC ranges from 0% to 99.6% and is determined as IN+/256.
e (.39-100%: DC ranges from 0.39% to 100% and is determined as (IN+ + 1)/256.

Application Note Revision 1.0 18-Feb-2019
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4  GreenPAK Design for PWM-Based Square Wave
Implementation

There are different control methodologies that can be used to implement a single-phase inverter.
One such control strategy includes a PWM-based square wave for the single-phase inverter.

A GreenPAK IC is used to generate periodic switching patterns in order to conveniently convert DC
into AC. The DC voltages are fed from the battery and the output obtained from the inverter can be
used to supply the AC load. For the purpose of this application note the AC frequency has been set
to 50Hz, a common household power frequency in many parts of the world. Correspondingly, the
period is 20ms.

The switching pattern that must be generated by GreenPAK for SW1 and SW4 is shown in Fig. 3.

SWITCHING PATTERN APPLIED ON S1 AND S4

20 ms >t
Figure 3: Switching Pattern for S1 and S4
The switching pattern for SW2 and SW3 is shown in Fig. 4
S1 & S4 0N
t

S2 & S30on

Figure 4: Output Voltage Waveform

The above switching patterns can be conveniently produced using a PWM block. The PWM time
period is set by the time period of FSM1. The time period for FSM1 must be set to 20ms
corresponding to 50Hz frequency. The duty cycle for the PWM block is controlled by the data
sourced from FSMO. In order to generate the 50% duty cycle, the FSMO counter value is set to be
128.

The corresponding GreenPAK Design is shown in Fig. 5.

Application Note Revision 1.0 18-Feb-2019
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Figure 5: GreenPAK Design for Square Wave Control Strategy

DCMPO/PWMO

DCHMP/PWHM

power register: PR -
Function

selection: Paor] e
:E:.Cslv‘:nc to Off -
Clock source: 0OSC X CLK -
Clock invert: Disable hd

PWHM & ADC

clock source : HELEE h
Duty cycle: 0% - 99.6%0 e
mgdeadband 10 ns -
Register 0z 0 -
MTRX SEL: (0:0) =&
Register 1: a e
MTRX SEL: {0:1) &
Register 2: a e
MTRX SEL: {1:0) =&
Register 3: 0 -
MTRX SEL: {1:1) =&
Connections
TN+ selector: FSMO [7:0] -
IN- selector: FSM1 -= Q [7:0] -

Figure 6: Configuration Setting for PWM Block
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Mode: Counter JFSM v Mode: Counter /FSM v

Counter data: 123 = Counter data: 124 ==
(Range: 1-16383) (Range: 1-255)

Output period g Output period -

(typical): 5.16 ms Formula (typical): 20 ms Formula

Edge select: Both W Edge select: Both v

gg:;t:tr value Reset (counter val. ¥ gg::;‘rﬁr Naakae Reset (counter val. ¥

DFF bypass = DFF bypass —

enable: b enable: sedes

FSM data sync , - FSM data sync -

with SPI clock: | Disable with SPI dock: | Disable =

Connections _ Connections

FSM data: Counter data v FSM data: Counter data v

Clock: CLK v Clock: CLK /4 v

Clock source: RC OSC Freq. Clock source:  RC OSC Freq. /4

Clock Clock

frequency: 25kiz frequency: B-2ake

Figure 7: Configuration Settings for FSM0O and FSM1

4.1 Disadvantage of Square Wave Control Strategy

Using the square wave control strategy causes the inverter to produce a large amount of harmonics.
Apart from the fundamental frequency, square wave inverters have odd frequency components.
These harmonics cause machine flux to be saturated, thus leading to poor performance of the
machine, sometimes even damaging the hardware. Hence, the THD produced by these types of
inverters is very large. In order to overcome this problem another control strategy known as Quasi-
Square Wave can be employed to significantly reduce the amount of harmonics produced by the
inverter.

5 GreenPAK Design for PWM-Based Quasi-Square Wave
Implementation

In Quasi-square wave control strategy, a zero output voltage is introduced which can significantly
reduce the harmonics present in the conventional square waveform. Major advantages of using a
Quasi-square wave inverter include:

e Amplitude of the fundamental component can be controlled (by controlling a)
e Certain harmonic contents can be eliminated (also by controlling a)

Application Note Revision 1.0 18-Feb-2019
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Figure 8: Quasi Square Wave

The amplitude of the fundamental component can be controlled by controlling the value of a
4V,
V, = —2€ cosa
s

The nth harmonic can be eliminated if its amplitude is made zero. For example, the amplitude of the
third harmonic (n=3) is zero when a = 30°

4V4c
T

vV, = cos(3*30) =0

The GreenPAK Design for Implementing the Quasi- Square Wave control strategy is shown in Fig. 9.

Figure 9: GreenPAK Design for Square Wave Control Strategy

The PWM block is used to generate a square waveform with 50 % duty cycle. The zero output
voltage is introduced by delaying the voltage appearing across output Pin-15. The P-DLY1 block is
configured to detect the rising edge of the waveform. P-DLY1 will periodically detect the rising edge
after each period and trigger the DLY-3 block, which produces a delay of 2ms before clocking the
VDD across a D-flip flop to enable the Pin-15 output.

Application Note Revision 1.0 18-Feb-2019

CFR0014 11 of 19 © 2022 Renesas Electronics Corporation



AN-CM-270

LENESAS

Design and Implementation of a Single-Phase

Inverter

Pin-15 can cause both SW1 and SW4 to turn on. When this occurs, a positive voltage will appear

across the load.

The P-DLY1 rising edge detection mechanism also activates the DLY-7 block, which after 8ms resets
the D-flip flop and 0 V appears across the output.

DLY-8 and DLY-9 are also triggered from the same rising edge. DLY-8 produces a delay of 10ms
and triggers DLY-3 again, which after 2ms will clock the DFF causing a logical high across the two

AND gates.

At this point Out+ from the PWM block becomes 0, since the duty cycle of the block was configured
to be 50 %. Out- will appear across Pin-16 causing the SW2 and SW3 to turn on, producing an

alternating voltage across the load. After 18ms DLY-9 will reset the DFF and OV will appear across
the Pin-16 and the periodic cycle continues to output an AC signal.

The configuration for different GreenPAK blocks are shown in Figs 10-14.

Application Note

DCMPO/PWMO
DCHMP/PWHM
power registers Power on =
Function
selection: T h
PD sync to
clock: oft e
Clock source: OSC X CLK -
Clock invert: Disable -
PWHM & ADC
clock source : HELHE e
PWHM data sync )
with SPI cleck: Disable hd
Duty cycle: 0% - 99.6% -
PWHM deadband
time: Liios e
Register 0: 255
MTRX SEL: {0:0) & =
Register 1: 100 -
MTRX SEL: (0:1) & =
Register 2: o -
MTRX SEL: {1:0) &
Register 3: a -
MTRX SEL: {1:1) 2

Connections.
IN+ selector: FSMO [7:0] -
IN- selector: FSM1 -= Q [7:0] -

Figure 10: Configuration Settings for PWM Block
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Figure 11: Configuration Settings for FSMO and FSM1
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Figure 12: Configuration Settings for PDLY1 and CNT3

‘ 8-bit CNT8/DLYS
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P DLY1
Mode: | Rising edge detectc ¥ |
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Figure 13: Configuration Settings for CNT7 and CNT8
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14-bit CNT1/DLY1

Mode: Counter -

Counter data: 112

(Range: 1-16383)
Output period

. 18.08 ms Formula
(typical): E—
Edge select: Both b
Counter value -
controk e
DFF bypass i
enable: T

Connections
FsM data: Mone
Clock: CLK [4 -

Clock source: RC OSC Freqg. /4

Clock

frequency: 6.25kHz

Figure 14: Configuration Settings for CNT1

6 Results

12 V DC voltage is supplied from the battery to the inverter. The inverter converts this voltage into an
AC waveform. The output from the inverter is fed to a step-up transformer which converts 12 V AC
Voltage into 220 V which can be used to drive the AC loads.

ISE

vl -

ALLB6a4

ALLBBG32

Figure 15: Switching Pattern for S1 and S4 Figure 16: Switching Pattern for S2 and S3
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Figure 17: Output Waveform of Single-Phase Inverter

Figure 18: 12V Supply and Hardware Configuration for a Single-Phase Inverter
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Figure 20: Complete Hardware of Single-Phase Inverter
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7 Conclusion

In this application note, we have implemented a Single-Phase Inverter using Square Wave and
Quasi Square Wave control strategies using a GreenPAK IC. GreenPAK ICs act as a convenient
substitute of Micro Controllers and analog circuitry that is conventionally used to implement a Single-
phase inverter. Furthermore, GreenPAK ICs have potential in the design of Three Phase Inverters.
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