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Development of a boost-inverter converter under electromagnetic compatibility stress
equipping a photovoltaic generator

Introduction. Static converters are among the most widely used equipment in several applications, for example, electric power
transmission, motor speed variation, photovoltaic panels, which constitute the electronic components. The design of a power
electronics device is done without any real means of predicting electromagnetic disturbances during the product development phase.
This case-by-case development process is repeated until a solution is found that best respects all the electromagnetic compatibility
constraints. The purpose is the development of a boost-inverter converter under electromagnetic compatibility constraints. The
improvements made to the inverter are mainly in the control, the choice of power switches and the electromagnetic compatibility
solutions brought to the device. The quality of the wave is improved by acting on the type of control and the choice of switches.
Methods. In the first time, we have highlighted a comparison between two most frequently used power components (MOSFET and
IGBT) in the inverter and the boost by simulation using ISIS and LT-spice softwares. The sinusoidal voltage with modulation circuit
is greatly simplified by the use of the PICI6F876A microcontroller. In a second step, we validate the obtained results with
experimental measurements. We start with the boost, then the inverter. In addition, the circuits made are housed in boxes to avoid
accidental contact for people. The equipment is designed to isolate the load from the power supply in case of: over voltages, under
voltages, high and low battery level and short circuits. Results. All the simulations were performed using the ISIS and LT-spice
softwares. The obtained results are validated by experimental measurements performed in the ICEPS Laboratory at the University of
Sidi Bel-Abbes in Algeria. The realization of a single-phase inverter with a pulse width modulation control, associated with a boost
chopper and the waveforms of the current and voltage across each static converter its opening are presented. The sources of
disturbances in power devices are at the origin of the temporal and frequency characteristics of the signals coming from the hot
spots of the power switches and the resonances created during the switching of these elements. References 27, figures 23.
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Bcemyn. Cmamuuni  nepemeopiogaui  8ionocamvcsi 00 00IAOHAHHA, WO HAUOLIbWL WUPOKO BUKOPUCIOBYEMbCA 8 OeKiIbKOX
3ACMOCY8AHHAX, HANPUKIAO, O/l Nepedayi eneKmpoerepeii, 3MIiHU WEUOKOCMI 08USYHA, Y (hOMO2ATbEAHIUHUX NAHENSX, SKI CKIA0aiomb
enexmponni komnonenmu. IIpoekm ycmpoio cunogoi eneKmpoHiku 6UKOHyembcs 6e3 6y0b-aKux peanbHUux 3acobié npocHO3y6aHHS
E/IeKMPOMASHIMHUX NepewKko0 Ha emani po3podku npooykmy. Llei npoyec inougioyanvHoi po3pobKu nogmopiocmovcs 0omu, OOKU
3HallOeHo piwienns, siKe HalKpauje 8paxoeye 6ci 0OMediceHHs enekmpomazHimuol cymicnocmi. Memoto € po3pobxa niosuuyyeanrbHo-
iHBEPMOPHO20 Nepemeopiosaia npu 0OMedICeHHAX 3a eleKmpOMAzHImHOl0 cyMicHicmio. Yoockonanenus, emecewi 6 ineepmop, 6
OCHOBHOMY CIMOCYIOMbCSL YAPAGHIHHS, GUOOPY CUTOBUX SUMUKAYIE MA PIeHb Wo00 eNeKmMpPOMASHIMHOL CYMICHOCTI, Peani308anux y
npucmpoi. fxicmb xeuni NOKpaujyemvcs 3a paxyHox 6naugy Ha mun Kepyeamus ma eubip nepemuxauis. Memoou. Bnepwe mu
nioKpeciunyu NopieHAHHA MidC 080Ma Haubinbw yacmo euxopucmosysanumu cunosumu xomnonenmamu (MOSFET ma IGBT) &
ingepmopi ma niOBUWEHHAM UWLIAXOM MOOETIOBAHHS 3 BUKOPUCIAHHAM npocpamno2o 3abesneuenns ISIS ma LT-spice. Cunycoioanvha
Hanpyaa 3i cxemoro MOOVIAYII 3HAYHO CNPOUWYEMBCA 34 PAXYHOK 8UKOpucmanis mikpokonmpoaepa PIC16F876A. Ha opyzomy emani mu
niOMEEPOAHCYEMO OMPUMAHI pe3yTbmamy eKcnepumenmanohumu sumipamu. Iouunaemo 3 Boost, nomim 3 ineepmopa. Kpim moeo,
8ULOMOBIIEHT CXeMU PO3MILYeHT 8 KOPOOKAX, WoO YHUKHYMU GUNAOK08020 0OMUKY Tt00ell. YcmamKy8ants npusHayere 015 6iOKII04eHHs
HABAHMAdICEHHA 810 0Jicepena JICUBNIEHHS Y pa3i: nepeHanpyey, 3HUJICeHOi Hanpyau, GUCOKO20 Ma HU3bKO20 pieHs 3apsady bamapei ma
Kopomkozo 3amuxanus. Pesynemamu. Yci pospaxynxku npoeoounucs 3 euxopucmauusm npoepam ISIS ma LT-spice. Ompumani
pe3yabmamu NiOmeepOHCeHi eKCnepuMeHmantbHumu sumipamu, nposedenumu 6 nabopamopii ICEPS Yuieepcumemy Cioi-benv-Abbec 6
Anowcupi. Tlpeocmasneno peanizayito 00HOQA3HO20 THEEPMOPA 3 KePYSAHHAM HA OA31 WUPOMHO-IMIYIbCHOT MOOYIAYLT, NO8'A3aH020 3
nIOBUWYIOUUM NEePEePUBHUKOM, a MAKOIC OCYUIOSPAMU CHPYMY MA HANPY2U HA KOJICHOMY GIOKpummi 1020 CmamuiyHo20
nepemeopiosaua. [icepenamu 30ypens y CUNOGUX NPUCMPOSX € YACOSI MA YACMOMHI XAPAKMEPUCMUKU CUSHANIE, WO HAOX00AMb 6i0
2apAUX MOYOK CUNOBUX KIIOYI8, Md PE3OHAHCU, WO CIBOPIOIOMbCS npu Komymayii yux eremenmie.. bion. 27, puc. 23.

Knrouoei cnosa: inBepTop, nNepeTBOpOBay, MikpOKOHTpoJIEp, ejiekTpomarnitHa cymicHicrs, MOSFET, IGBT.

Introduction. Electromagnetic compatibility (EMC)
is the field of the interactions study that can take place
between different devices. It imposes, through standards,
constraints in terms of electromagnetic pollution
generated by electrical devices (emission standards) and
the ability of these same devices to operate in a polluted
environment (susceptibility standards) [1].

The integration of EMC issues in the design of
converters is quite recent. However, the severity of the
standards is such that the measures required to comply
with them have a strong impact in terms of cost and size.
For example, the traditional interference filtering solution
used in inverters and choppers can represent up to a third
of their material cost. It is therefore particularly important
to take into account the EMC aspect from the product
design stage and to look for conversion solutions adapted

Different inverter topologies have been studied with
respect to the feasibility of adapting low power ranges at
low input voltage to the grid. They can be divided into
five categories:

1. Inverter concept with DC voltage link [9, 10]: In
order to adapt the photovoltaic (PV) panel voltage to the
public grid, DC/DC converters are used. These converters
are connected via a DC voltage link to a high-frequency
switching converter.

2. Inverter concept with pulsed DC voltage link [11]:
these concepts use the same inverters as described in
point 1, but their control unit generates the absolute value
of a 50 Hz sine wave instead of a DC voltage. This pulsed
DC link voltage is inverted by a 50 Hz switching inverter.

3. Inverter concept with AC voltage link [12] DC/DC

to this constraint [2].

Inverters are made up of sophisticated, high-
performance active and passive components which,
however, have a number of limitations that have an
impact on the synthesis of control loops [3-8].

converters with high frequency transformer, which need a
diode rectifier to obtain a DC output voltage; otherwise the
output voltage is a bidirectional square wave voltage with
the switching frequency as the value. An inverter concept
with AC voltage link makes it possible to supply the grid
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with this voltage form. Therefore, the inverter needs
bidirectional voltage switches.

4. Direct inverter concept: one of these concepts
includes a high frequency switched inverter connected to
a 50 Hz transformer. The other concept is a transformer
less topology that includes 2 bidirectional inverters in
parallel series connection [13, 14].

5. Pulsed DC link using a resonant converter: this is
the same inverter concept as described in 2. However,
instead of a series of parallel DC/DC converters or
resonant converters, the converters are connected to the
link [15, 16].

Switching is provided by power switches based on
semiconductors. There are 2 types of switches with
controlled switching (MOSFET, IGBT, thyristor and so on)
with rapid variation the voltage or current as function of
time, and others with uncontrolled switching (diodes), which
generate harmonic distortion and low power factor [17-20].

Goal. In this paper, we characterize by simulation the
different switches and we observe their impacts on the
chopper and the inverter. We will choose the least disturbing
switch. Moreover, we use 2 control techniques of the inverter
in order to compare the spectrum of the output voltage. The
objective is to be able to evaluate the EMC impact of the
inverter during the design phase.

Structure of the proposed PV inverter. Figure 1
shows the general structure of the proposed PV system,
which is presented in the form of 2 blocks: the boost part
and the inverter part.

DC/AC Inverter

- +)=

ontroller

Fig. 1. Functional diagram of the inverter

The block diagram of the PV converter developed with
the ISIS software consists inverter control part (Fig. 2),
power part (Fig. 3) DC boost (Fig. 4). The inverter features
input voltage protection, output voltage and current
regulation, and switch overheating protection.

Fig. 2. Inverter control part in the developed PV converter circuit

Fig. 4. DC boost in the dev-eloped PV converter circuit

Choice of switches. For the design of the boost and
the inverter, there are 2 main types of switches used in
power electronics: the power MOSFET, which looks very
similar to a standard MOSFET, but it is designed to
handle relatively large voltages and currents. The other
component is the IGBT [14]. The specifications of the 2
switches overlap to a large extent.

Power MOSFETs have a much higher switching
frequency capability than IGBTs and can be switched at
frequencies above 200 kHz. They don’t have the same
capability for high-voltage, high-current applications, and
tend to be used at voltages below 250 V and powers below
500 W. Both of MOSFETs and IGBTs have power losses
due to the rise and fall of the voltage on and off (dV/d¢
losses). Unlike IGBTs, MOSFETs have a body diode.

As a general rule, IGBTs are the ideal solution for
high-voltage, low-frequency applications (> 1000 V and
< 20 kHz) and MOSFETs are ideal for low-voltage, high-
frequency applications (< 250 V and > 200 kHz) [21].
Between these 2 extremes, there is a large gray area. In
this area, other considerations such as power, duty cycle
percentage, availability and cost tend to be the deciding
factors.

To highlight the effects of the switches, the boost
setup was analyzed by simulation with the LT-spice
software. Three different IGBT switches (IRGBC20U,
IRGBC30U and IRGBC40U) and 3 different MOSFET
switches (IPB65R110CFD, R6020ANX and
STWI11NMS80) were used in this work. The 3 selected
IGBTs and 3 MOSFETSs were tested by simulation during
their operation in the boost and inverter, to compare the
EMC disturbances generated by the different types of
switches. The obtained results for the boost are shown in
Fig. 5, 6, and for inverter parts — in Fig. 7, 8.
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Fig. 5. Comparison of the boost voltages between
the 3 IGBTs in frequency domain
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Fig. 6. Comparison of the boost voltages between
the 3 MOSFETs in frequency domain
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Fig. 7. Comparison of the inverter voltages between
the 3 IGBTs in frequency domain
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Fig. 8. Comparison of the inverter voltages between
the 3 IGBTSs in frequency domain

Figures 5, 6 present the spectra of the frequency
variation of boost for 3 types of switches IGBT and
MOSFET respectively. We can see that the spectrum of
the IGBT IRGBC40U tends to decrease regularly and
more quickly from 1 MHz. For the 3 MOSFETs the
spectrum of R6020ANX tends to decrease compared to
the others from 3MHz.

Figures 7, 8 present the spectra of the frequency
variation of the inverter for 3 types of switches IGBT and
MOSFET respectively. We can see that the spectrum of
the IGBT IRGBC20U decreases regularly and in a less
important way from 2 MHz. For the 3 MOSFETs the
spectrum of STW11NMS80 is lower than the others.

An analysis was performed to compare between the
IGBT and the MOSFET with the least disturbance
determined below. The results of the comparative analysis
between the 2 types of switches are shown in Fig. 9, 10 for
the boost and inverter respectively.
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Fig. 9. Comparison of frequency analysis between
IGBT and MOSFET in the case of boost
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Fig. 10. Comparison of frequency analysis between
IGBT and MOSFET in the case of inverter

Figures 9, 10 present a comparison of the frequency
analysis between the IGBT and the MOSFET at the boost
level and the inverter respectively. We can see that the
spectrum of the IGBT IRGBC40U tends to decrease
regularly and more quickly from 1 MHz. So, at the boost
level the IGBT is the least disturbing. At the inverter level,
the MOSFET STW11NMSO is the least disturbing switch
with a difference of 8 dB compared to the IGBT.

Choice of the control type. A pulse width
modulation (PWM) law results from the comparison of 2
modulators with a carrier. The implementation of this
principle is shown in Fig. 11 [22-25].
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Fig. 11. Principle ofgeneration of a unipolar PWM law with
frequency doubling

The second law of PWM results from the
comparison of 2 carriers with a modulator. The
implementation of this principle is shown in Fig. 12 [13].

BAT+
PM OFF

ON  Complementary FWM

Fig. 12. Principle of PWM generation

Complementary WM~ OM

For the positive half of the sine wave generation, Q2 is
always on, QI is always off, Q3 is applied with 20 kHz
PWM corresponding to positive half cycle 50 Hz sine wave
and Q4 is applied with corresponding complementary (to
Q3) PWM. For the negative half 50 Hz sine wave
generation, Q4 is always high, Q3 is always off, QI is
applied with 20 kHz PWM corresponding to positive half
cycle 50 Hz sine wave and Q2 is applied with Ql
complementary PWM.

We apply these 2 commands to the inverter. The
frequency analysis of the inverter is given in Fig. 13.

Figure 13 presents the frequency analysis of the
inverter with the 2 commands. It can be seen that the
control spectrum with the two-carrier impulse modulation
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law is the least disturbing. The spectrum decreases

regularly and more rapidly from 20 kHz with a difference

of 5 dB compared to that of 2 modulators with one carrier.
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Fig. 13. Frequency analysis of the inverter with the 2 commands

Protection of the inverter. There are many
feedback signals at the input of the microcontroller
necessary for the proper operation of the inverter, we cite:

¢ input voltage sensor (battery);

e temperature sensor (R, negative temperature
coefficient (NTC) —47 K) of electronic switches;

¢ AC output current and voltage sensor (230 V).

The current, which is the main source of heating,
considerably reduces the efficiency of the inverter and can
damage it. For this reason, a forced cooling is
implemented to obtain a better efficiency. The control
block diagram used is shown in Fig. 14.

[
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Fig. 14. Algorithm of control

MOSFET driver. It is advantageous to use N-channel
MOSFETs as switches because they have a low on-
resistance [26]. This results in low power losses. However, to
do this, the drain of the high-side switch is connected to a
340 V DC supply converted to 240 V AC. The voltage at the
gate terminal must be 10 V higher than that at the drain
terminal [10, 14]. Therefore, to drive the H-bridge
MOSFETs, a bootstrap capacitor designed specifically to
drive a half-bridge is used. After considering different
integrated circuit options, our choice was the IR2113. It is
supplied by a 600 V rating, 2 A drive current, and a 10-20 V
drive voltage. The activation and deactivation times are
respectively 120 ns and 94 ns [23, 24].

We implemented the control routine in a programmable
interface controllers (PIC) PIC16F876A microcontroller and
configured the analog/digital conversion module integrated
in this circuit, to automatically start the conversion.

The MOSFET driver is actuated by a signal delivered
by the microcontroller. It is supplied by the battery. The
driver is able to control the switches. The upper high side
switch requires an additional voltage of 10 V. This is
achieved by an external bootstrap capacitor charged by a
diode from the 12 V supply when the device is off [27].

Obtained results. No-load test. Figures 15, 16
show the generation of the PWM. Figure 17 shows the
output voltage signals from the inverter.
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Fig. 15. PWM and A/B peak output
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Fig. 16. 74HC257 output signal
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Fig. 17. Voltage at the output of the inverter (no-load test)

At a high temperature of the switches (MOSFET),
the NTC heats up and gives the order to the PIN FAN to
generate the signal to start the fan. At a very high
temperature the microcontroller blocks the generation of
the PWM. This stops the inverter. The fan runs until the
switches cool down.
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Boost mounting tests. Boost chopper is supplied by
a 12 V voltage. The output voltage is adjustable by a
potentiometer up to 340 V. Figure 18 shows the curve of
the boost voltage.

Fig. 18. Boost test at 12 V input voltage

The inverter test is shown in Fig. 19. Figure 20

shows the voltage delivered by the inverter.
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Fig. 19. Complete circuit (power part and inverter and boost control)
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Fig. 20. Voltage at the output of the inverter (boost mounting tests)

Load test. The inverter feeds an inductive load
consisting of a 100 Q resistor and a 1 H coil (internal
resistance of about 12 Q). The voltage and current are
shown in Flg 21, 22.
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Fig. 22. Voltage/current spectrum for a modulation index m = 0.9
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Enclosure and circuit location. The inverter boards
are placed in suitable positions. A shielding technique is
used. The separation of the power and control circuits is
made by grids as shown in Fig. 23 in order to reduce the
coupling between the circuits by electromagnetic radiation.

The LEDs L1, L2, signal the status of the inverter:

e L1 (green) — power on;

e 12 (red) — battery low (< 10 V);

e L1 (green) flashing — standby mode;

o L2 (red) flashing — high temperature of power transistors.

Voltage spikes. When the driver is used to drive an
inverter with inductive load impedance, it can develop
voltage spikes due to reverse voltages. These spikes can
damage the MOSFETSs and their control circuits. For this
reason, integrated diode transistors have been used to
conduct strongly as soon as the voltage increases
excessively, thus protecting the MOSFETs.

Capacitive load. Since this inverter is a quasi-sine
wave type, high frequency harmonics have been completely
eliminated. When used with a capacitive load, the impedance
is exactly as calculated. The problem with other types of
inverters is that, due to high frequency harmonics, the
capacitive impedance decreases, which implies an increase
of the current beyond the nommal value.

Fig. 23. Internal views
of the realized inverter
box:

1 — control circuit;
2 — power circuit;
3 —boost

Conclusions.

1. The rise and fall time as well as the switching frequency
are very important factors to characterize a useful signal in the
field of power electronics. We have highlighted a comparison
between two most frequently used power components
(MOSFET and IGBT) in the inverter and the boost.

2. We have studied the behavior of semiconductor
components in the frequency domain generating a high
harmonic number located in the high frequency region.
The spectra have different amplitudes due to the
difference between the intrinsic characteristics of each
switch. Therefore, each power switch has its own
electromagnetic compatibility signature.

3. The sinusoidal voltage with modulation circuit is
greatly simplified by wusing the PIC16F876A
microcontroller. In addition to the high programming
flexibility, the switching pulse design can be changed
without further hardware modification. The inverter is
shielded against radiated electromagnetic interference.
This increases its efficiency.

4. The realization of a single-phase inverter with PWM
control, associated with a boost chopper; and this circuit are
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housed in enclosures to avoid accidental contact with people.
The equipment is designed to isolate the load from the power
supply in case of: overvoltages, undervoltages, high and low
battery levels and short circuits.
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