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ABSTRACT 

 

 In this paper, the design of a photovoltaic grid – connected DC – AC Inverter is 

presented. The interconnections of the key components like the DC – link electrolytic 

capacitors, MOSFETs, grid – connected filter, current limiting resistor, and gate – drive 

and gate resistors, are all explained. The inverter is simulated at the six operating points in 

order to verify the design. The simulations are carried out in PSIM, with closed – loop 

current control and without blank time. 
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INTRODUCTION 

The design of a power-electronic inverter depends on many issues, such as silicon devices; 

magnetics; capacitors; gate drives; grid performance; current-, voltage- and temperature-

sensing and -protection; control strategies; and implementation, etc., which all will be 

covered. 

The inverter to be designed is illustrated in Fig 1. 

 

The design of the inverter is based on the specifications shown below: 

 Nominal photovoltaic power: 160 W, 

 Input voltage range, MPP and open circuit: 23 V to 38 V, 50 V max, 

 Maximum input current: 8 A, 

 LF-voltage at input terminals (100 Hz): 4.1 V, amplitude, 

 RF-voltage at input terminals (up to 0.5 MHz): 0.50 V, peak to peak, 

 PV-side over-voltage protection limit: 60 V, 

 Grid voltage range: 196 V to 253 V, RMS, 

 Grid frequency range: 49.5 Hz to 50.5 Hz, 

 Min., nom., and max. DC-link voltage: 300 V, 350 V, and 400 V. 

Other demands are (they may be subject to changes in an optimization process): 

 DC/AC inverter switching frequency: ~ 10 kHz, 

 Maximum semiconductor junction temperature: 100 °C, 
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 Maximum case temperature: 90 °C,  

 Maximum ambient temperature: 60 °C. 

 
  

Fig 1: Power circuit of the photovoltaic inverter. 

 

GRID-CONNECTED DC-AC INVERTER 

The DC-AC inverter is depicted in Fig 1. The inverter is made up around a DC-link 

capacitor CDC, four MOSFETs with freewheeling diodes SAC1 – SAC4, and an LCL filter 

composed by Lgrid,1, Cgrid, and Lgrid,2. 

 

MODE OF OPERATION 

The four MOSFETs are operated with PWM, in what is called uni-polar mode. This 

operation scheme benefits from an apparent doubling of the switching frequency, seen by 

the grid [1]. A doubling of the frequency causes a halving of the current ripple towards the 

grid. Hence, smaller filter components are required to meet the electrical-noise reduction 

specifications. 

The voltage generated across the output filter is: 

 

u LCL,on = U DC – u grid,  when SAC2 and SAC3 are conducting,  

 (1) 

u LCL,on = –U DC – u grid, when SAC1 and SAC4 are conducting, 

u LCL,off = – u grid, when SAC1 and SAC3, or SAC2 and SAC4 are conducting, 

 

where UDC is the voltage across the DC-link capacitor (assumed constant), and ugrid is the 

instantaneous grid voltage, which is defined from –325 V to 325 V (corresponds to a RMS 

value of 230 V). The change in the grid current per switching cycle is then computed as: 

 

 (2) 

 

where Lgrid is the sum of the two inductors included in the grid-connected filter, fsw is the 

switching frequency, and D is the duty cycle defining the on-durations of SAC3, compared 
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with the switching period, i.e. D = Ton,SAC3 / Tsw. It becomes in this way possible to control 

the grid current. 

 

DC-LINK ELECTROLYTIC CAPACITOR 

The electrolytic DC-link capacitor is included for power decoupling between the PV-

module and the grid. 

The size of the decoupling capacitor can be determined when knowing that the power into 

the DC-link is constant, and that the power drawn from the DC-link follows a sin
2
(ω.t) 

waveform: 

    (3) 

 

where PDC is the average DC-link power, ω is the grid frequency (314 rad/s for European 

systems), <UDC> is the average DC-link voltage and ũDC is the amplitude of the ripple 

voltage. 

The grid current cannot be controlled if the DC-link voltage is lower than the peak grid-

voltage plus the voltage drop across the semiconductors and filter. The minimum 

usefulness DC-link voltage at 10% over-voltage in the grid is 230.1.1.√2 ≈ 360 V. The 

maximum DC-link voltage is specified to 400 V, so a good choice for <UDC> and ũDC is 

½(360+400) = 380 V and 400-380 = 20 V, respectively. 

The size of the DC-link capacitor is computed by Eq. (3) to 31 µF at 150 W into the DC-

link (assuming 10 W loss in the total circuit). A standard capacitor size is 33µF at 400 V 

or 450 V. A 450 V capacitor is selected in order to allow for some over voltages, without 

damaging the capacitor. 

 

MOSFETs 

The selection of the Metal Oxide Semiconductor Field Effect Transistors (MOSFETs) is a 

trade off between cost, breakdown voltage, conduction losses and switching speed (and 

hence switching losses). The MOSFETs for the DC/AC inverter are selected among the 

CoolMOS type from Infineon, because they have very fine properties in terms of loss 

versus cost. 

 

A survey of 5 different CoolMOS’ is listed in Table 1. The best candidate (low cost and 

high break down voltage) is the SPA04N60C3 or the SPA07N60C3. 

 

Table 1. Different CoolMOSs and price per device, from EBV.de. 

 
The total conduction losses in the MOSFETs, at full generation, amounts to 2 x 0.95 Ω x 

(150 W / 230 V)
2
 = 0.81 W, and 0.51 W for the two different MOSFETs. The switching 

losses are investigated in the Gate Drive and Gate Resistor section, and found to 2.1 W per 

leg, for the SPA04N60C3 MOSFET. The total power loss in the MOSFETs is summed to 
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5.0 W, which is the same as 1.25 W per MOSFET. The thermal resistance for the SMD 

(Surface Mount Device) version of the SPA04N60C3 MOSFET is Rθ,JA = 35 K/W, when 

mounted on a PCB (Printed Circuit Board) with dimensions 40 mm x 40 mm and 6 cm
2
 

copper area for drain connection (from datasheet, INFINEON.com). The temperature 

difference between junction and ambient is computed to 1.25 W x 35 K/W = 44 K. Hence, 

the junction temperature will exceed the specifications, which is maximum 100 °C for an 

ambient temperature of 60 °C. This is however not seen as a major problem, since the 

junction can withstand 150 °C without being damaged (from datasheet). 

 

GRID-CONNECTED FILTER 

A filter is connected between the MOSFETs and the grid. The filter has three tasks: 

To convert the voltage generated by the MOSFETs to a current, to reduce the High 

Frequency (HF) switching noise, and to protect the MOSFETs from transients. 

 
Fig. 2. Three different types of grid-connected filters. a) L-filter, b) LC-filter, and c) LCL-

filter. 

 

The filter is selected to be of the LCL type due to its inherent advantages [2]. At least two 

other types of filters exist, the L- and the LC-filters. All three types are illustrated in Fig 2. 

The L filter has excellent performance in terms of voltage-to-current conversion, but the 

damping of the HF noise is rather poor. Also, the LC filter shows good performance in 

terms of current-to-voltage conversion and noise damping, if the grid-impedance (not 

depicted in Fig 1 nor in Fig 2) is high compared to 1/(2πfCgrid). On the other hand, the 

filter capacitor may be exposed to line voltage harmonics, which result in large currents. 

The LCL filter shares the same good properties with the L- and the LC-filters. Moreover, 

the damping of HF noise is better due to the extra inductance, and the capacitor is no more 

exposed to line voltage distortion. The transfer function for the LCL-filter is (from 

inverter-voltage to grid-current, assuming zero grid voltage and zero grid impedance): 

    (4) 

where rLgrid,1 and rLgrid,2 are the (winding) resistances included in the two inductors and 

rCgrid is the resistance included in the capacitor (the equivalent series resistance - ESR). 

The parallel resistance and series inductance, etc., in the capacitor and parallel 
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capacitance, etc., in the inductors are not included, since they are believed to have minor 

influence in frequency span of interest. The frequency response of the L- and the LCL-

filters are plotted in Fig 3, for the values designed later on in this section. 

 
Fig 3. Magnitude of the three transfer functions: L-filter, ideal LCL-filter, and LCL-filter 

with the mentioned parasitic components, but without added damping. The grid frequency 

is equal to 50 Hz, the bandwidth of the controller is selected to 1 kHz, and the apparent 

switching frequency is equal to 21.4 kHz. The resonance frequency is computed to 4.63 

kHz. 

 

 
Fig. 4. Passive damping of the LCL-filter. a) Resistor in series with the filter capacitor 

[2], b) Resistor in parallel with the grid-connected inductor [3], c) RC damping circuit in 

parallel with the filter capacitor [4]. 

 

The LCL filter is inherently unstable [2]. This is seen by the peak in the transfer function 

around the resonant frequency, and some kind of damping must be added to make the 

filter more stable. This can be done in several ways, as illustrated in Fig 4, either by 

introducing a damping resistor in series with the filter capacitor as in Fig 4a) [2], or by 

adding a damping resistor in parallel with the grid-connected inductor as in Fig 4b) [3] and 

[5]. However, both solutions result in poor damping of the high-frequency switching 
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harmonics, due to a reduced filter order (from –60 dB/dec. to –40 dB/dec.). A third 

solution is to include a damping circuit, made up around a resistor and a capacitor in 

series, in parallel with the filter capacitor as in Fig 4c) [4], but this is also a more 

expensive solution, since it requires an extra capacitor, which size must be larger than the 

filter capacitors (Cd > Cgrid). A final solution would be to use some kind of active damping 

in the current controller, but this is not investigated here. 

The LCL filter resonant frequency must be lower than half the apparent switching 

frequency, i.e. ωres ≤ 2π x fsw for uni-polar switching [2]. The resonant frequency is given 

as: 

    

      (5) 

The resonant frequency is selected to be equal to the geometrical-mean of the grid-current 

controller bandwidth and the apparent switching frequency. When the sizes of the two 

inductors, selected in the next section, and the desired resonant frequency are known, the 

size of the filter capacitor can be determined as: 

       (6) 

However, the larger Cgrid is the larger reactive current will be drawn from the grid during 

idle mode. This is not desirable since a reactive current includes power loss in the grid-

connected inductor, due to the winding resistance. 

An EFD high-grade ferrite core is used to realize Lgrid,1 and a Kool Mµ ring core is used to 

realize Lgrid,2. 

The HF current ripple in Lgrid,1 is high compared to Lgrid,2 where almost non HF ripple is 

present. This is beneficial, since the high-grade ferrite core can withstand a high flux-

density without saturating too much, whereas the Kool Mµ starts to saturate at low current, 

but the level of saturation is low, this is illustrated in Fig 5. 

 
Fig 5. Inductance versus current for high-grade ferrite and Kool Mµ. 

 

The behavior of the Kool Mµ material results in that the resonance frequency is not 

constant, and that the stability of the current controller may be affected, when the power 

level is changed. 

The maximum obtainable value of L.I.Î for five EFD and ETD cores made from high-

grade ferrite are listed in Table 2, together with their prices. The maximum obtainable 

value of L.Î
2
 for three ring-cores made from the Kool Mµ material is also listed in Table 2 

[6], together with their prices (without fixing hardware) (Avnet components, 2002). The 
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maximum RMS and peak values are obtained at 150 W and 85% of nominal grid voltage 

to 0.77 A and 1.1 A. 

 

Table 2. Comparison of five ETD/ETD cores and three ring cores. The copper fill factor is 

made equals to 0.6, and the peak flux density to 300 mT. 

 
 

Selecting the switching frequency is a trade-off between switching losses in the 

MOSFETs, emitted HF noise, and grid current control (hence the microcontroller in which 

the control algorithms are to be implemented). 

When the uni-polar PWM scheme is used to modulate the voltage across the filter 

inductance, the frequency content in the output voltage is distributed around 2×fsw×n ± 

fgrid×k [1], where n is the harmonic number and k are the sidebands. The EMC conducted 

noise standard EN55014 covers the frequency range from 150 kHz to 30 MHz. The most 

severe harmonics of the switching frequency should for that reason be located below 150 

kHz, in order to lower the specifications for the EMI filter (included between the inverter 

in the grid). This can be reformulated into fsw <150 kHz / (2×n), when neglecting the side 

bands. 

 

The components included in the LCL filter are then selected to minimize the cost, when 

the resonant frequency is fixed. Table 3 shows the 15 different possibilities to obtain a 

resonant frequency of 29.1 krad/s, when the switching frequency is 10.7 kHz. As seen, the 

cheapest solution for this particular frequency is to use an EFD25 core (3.7 mH) and a 

Kool Mµ77935 core (4.2 mH) together with a film-capacitor of 680 nF. This amounts to a 

price of DKK 24.9 for the LCL-filter. 

 

Table 3. Evaluation of the 3x5 different solutions to obtain a resonant frequency of 29.1 

krad/s. The computed values are for the required filter capacitor in nF, and the values in 

brackets is the total cost for the LCL filter. The green highlighted configuration is the 

cheapest, and the red the most expensive. 
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Table 4. Evaluation of four different switching frequencies. The frequency response for 

the filter with n equal to 7 is shown in Fig. 3. The controller bandwidth is selected to 1 

kHz. 

 
 

It seems reasonable, based on the above discussion, to select n between 4 and 7. The cost 

of the LCL-filter, without damping, is evaluated in Table 4 for different values of n. 

 

The switching frequency is selected to 10.7 kHz, in order not to overload the available 

microcontroller (Infineon C167CS-LM). The switching frequency can always be increased 

when the exact execution time for the Interrupt Service Routine (ISR) is known (it is 

assumed that the current control algorithm is hosted in the ISR, which updates the duty 

cycle for each switching period). 

 

In the design of the inverter-connected inductor, Lgrid,1, the length of the air-gap is 

computed to 1.08 mm, but should be adjusted to reach the designed value, due to fringing 

flux. The number of turns is computed to 234. The cross-sectional area and diameter for 

the wire is computed to 0.103 mm2 and 0.36 mm. The wire resistance is calculated to 1.94 

Ω at 25 °C, which results in 1.14 W winding losses. 

 

The design of the grid-connected inductor, Lgrid,2, is based on the CAD software in [6]. The 

CAD software computes the following solution: inductance at full load: 4.2 mH, 

inductance at no load: 7.9 mH, number of turns: 290, wire size: AWG#24 (bare area: 

0.205 mm
2
), copper fill factor: 0.48, DC resistance of winding: 1.14 Ω at 25 °C, and 

winding losses: 0.67 W. As seen, the inductance is falling as function of load current, also 

discussed above and in Fig. 5. 

 

INRUSH CURRENT LIMITATION 

A current limiting resistor must be applied to limit inrush when the inverter is connected to 

the grid for the first time, and the DC-link capacitor is discharged. 

 

Once the voltage across the DC-link has reached approximate 95% of the peak value of 

the grid, the current limiting resistor is actively by-passed by a MOSFET or a relay, or 

passively by-passed with a diode. 

 

The inrush circuit can be realized in several ways, cf. Fig. 6. The selection of which type 

to select is based on power loss and cost. The three solutions are compared in Table 5. 

Most relays (scheme 1) in the required power range have a power consumption of 

minimum 140 mW and the price is around 15 – 25 DKK, and requires some kind of drive 

circuit, e.g. an OPAMP. 
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Fig. 6. Three possible solutions for the inrush current limitation. (1) The inrush-limiting 

resistor is placed on the AC side and bypassed with a relay. (2) The resistor is placed in 

the DC-link and bypassed with a diode. (3) The resistor is placed in series with the DC-

link capacitor and bypassed with a MOSFET. 

 

The forward voltage drop of the diode (scheme 2) and the average current through it 

determines the power loss. A resistor must be placed in parallel with the diode, in order to 

allow the current from the full-bridge to flow back into CDC, when unity power factor is 

not achieved. The conduction loss in the diode can be simplified to: 

        (7) 

where PDC is the average power handled by the diode, U0 is the forward voltage drop and 

UDC is the average DC-link voltage. Assuming 350 V in the DC-link, a forward voltage 

drop across the diode of 1.3 V and a DC-link power in the profile of the European 

efficiency calculations, yields an average loss of 322 mW. The reverse recovery losses are 

not considered, but could be just as high! 

 

The on-resistance of the MOSFET (scheme 3) and the RMS current through it determines 

the power loss. The conduction loss in the MOSFET can be simplified to: 

      (8) 

where Rds(on) is the on-resistance. Applying the same data’ as above, yields an average loss 

of 37 mW. The MOSFET solution also requires a drive circuit, but it does not have to feed 

a continuous current, which was the case of the relay solution. Thus, it is believed to be 

cheaper. 

 

Table 5. Comparison of three different inrush-limiting solutions. 

 
 

The comparison in Table 5 reveals that scheme 3 is the best solution, when power loss is 

the issue. Besides, the diode scheme suffers from additional losses in the resistor when 

reverse current are generated from the full-bridge. Finally, the relay scheme is very 

expensive compared to the two others, but does not include any extra inductances in the 
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path DC-link capacitor to inverter circuit (e.g. the inductances included in the leads of the 

diode or MOSFET). An additional inductance here can results in over-voltages across the 

four MOSFETs in the DC-AC inverter, according to L di/dt. 

 

The size of the resistor is determined by the amount of damping () required in the path: 

LCL filter, inrush resistor, and the DC-link capacitor. It can be shown that the required 

resistance is equal to: 

    (9) 

where Z0 is the natural impedance of the LCL filter together with the DC-link capacitance, 

and  is the damping ratio, selected to unity. For the DC-link capacitor equal to 33 µF, and 

a total inductance of 3.7 mH + 4.2 mH (from Table 4), this gives a resistor of minimum 31 

Ω. 

 

GATE DRIVE AND GATE RESISTORS 

The MOSFETs in the DC-AC inverter must be interfaced to the control circuit. This 

includes power supplies and command signals for the MOSFETs. Four ways of realizing 

the gate drive for a high side MOSFET is depicted in Fig. 7 [7]. 

 
Fig 7: Basic circuits for four different ways of realizing the gate drive circuit for a high 

side MOSFET [7]. 

 

Table 6. Price comparison of three possible gate-drive schemes. 

 
 

 The pulse-transformer in Fig. 7b) and the carrier-drive in Fig. 7d) schemes both 

require a transformer and belonging drive to transmit power and control signal to the 

MOSFETs. This makes an expensive solution, cf. Table 6. The switching performance of 

the gate signal is poor compared to the other two solutions but can be improved with 

added complexity. The gate control for the floating-drive-supply in Fig. 7a) and the 

carrier-drive schemes are good (full control for infinite period of time), whereas it is not 

possible to keep the MOSFET on for more than a few milliseconds for the other two 

solutions. This is however not a problem, while the largest on duration for a MOSFET 

included in the DC-AC inverter equals Tsw × Dmax  ≈ 93 µs x 0.93 = 87 µs. 
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The power supply for the bootstrap in Fig. 7c) (and for the floating drive supply) can also 

be used to supply measuring circuits for grid voltage and current, if necessary. On the 

other hand, two floating power supplies are required for the scheme in Fig. 7a), which 

makes it an expensive solution. The bootstrap drive is therefore selected, since it is cheap, 

flexible and offers full gate control for sufficient time. 

 

The combined low- and high-side bootstrap drive IC must include a shutdown input, a 

control input and its current capabilities must be high enough to ensure fast switching. The 

L6384 bootstrap gate drive IC from ST Microelectronics is selected while it offers good 

price and current source/sink (+400 mA / -650 mA) capabilities. This IC includes a 

combined shutdown and blanking-time input (the blanking time is adjustable from 0.4 µs 

to 3.1 µs), and internal bootstrap diode circuit. The total gate-circuit, for one inverter leg, 

is depicted in Fig 8. The special arrangement of the gate resistors allows different turn-on 

and turn-off time constants, and in the same time, the upper section of the bootstrap circuit 

is protected against damaging under voltages [8]. However, the placement of the resistor 

Rg(off),1 affects the charging of the bootstrap capacitor, and should therefore be sufficiently 

small. 

 
Fig 8: Gate driver circuit with bootstrap supply, blanking time programming and 

shutdown. Note the special arrangement of the gate-resistors, especially the circuit for the 

upper MOSFETs. This allows different turn-on and turn-off time constants for the 

MOSFETs, and protects the bootstrapped section from damaging under-voltages [8]. 

 

The L6384 includes an internal bootstrap circuit, where only an external capacitor is 

required for operation. The bootstrap capacitor is designed according to: 

       (10) 

to make sure that the high-side circuit does not go into Under Voltage Lock Out (UVLO). 

The UVLO protection is disabled (i.e. the gate-driver turns on) at maximum 12.5 V, and 

enables again at maximum 10.5 V (i.e. the gate-driver turns off). 

 

 

 

 



International Journal of Emerging trends in Engineering and Development                                                             

Issue 2, Vol.4 (May -2012)                                                                                                             ISSN 2249-6149 

 Page 12 
 

The voltage drop across the boost-strap diode circuit is: 

     (11) 

where Rds(on) is the on-resistance in the diode circuit (from datasheet: 125 Ω), Rg(off),1 is the 

turn-off resistor for the upper MOSFET (designed later on to 23.7 Ω), tcharge is the charge 

duration for the bootstrap capacitor, which equals the low side turn on time (tcharge,min = 

1/(10.7 kHz) x 0.07 = 6 µs). The bootstrap charge equals [8]: 

                    (12) 

where Qgate is the high side MOSFET gate charge, Qls is the level shifter charge, ileak(gs) is 

the leakage current through the gate-source path of the MOSFET, iquies(boot) is the bootstrap 

circuit quiescent current, and ileak(boot) is the bootstrap circuit leakage current. The time ton 

is the high side on duration (ton,max = 1/(10.7 kHz) x 0.93 = 87 µs). The size for the 

bootstrap capacitor then equals: 

         (13) 

where ∆uboot is the HF voltage ripple across the bootstrap capacitor, peak to peak. 

 

 
Fig 9: Instantaneous power losses in an inverter leg, during half a mains period at full 

generation. 
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The total charge is calculated by Eq. (12) to be 25 nQ + 3 nQ + (100 nA + 200 µA+10 µA) 

x 87 µs = 46 nQ. The voltage drop across the diode equals 46 nQ x 150 Ω /6 µs = 1.2 V 

according to Eq. (11). Hence, a supply voltage of no less than 13 V must be present at all 

times, in order to operate the bootstrap circuit. The size of the bootstrap capacitor is given 

by Eq. (13) to be 46 nQ / 0.1 V = 460 nF. 

 

The values of the resistors used in the gate circuit are selected to lower the switching and 

Reverse Recovery (RR) losses in the MOSFETs and freewheeling diodes (the body diodes 

included in the MOSFETs). Fig. 9 shows the instantaneous power loss in an inverter leg, 

over 10 ms. The values of the resistors are found to be (at a supply voltage of 13 V): Rg(on) 

= 32 Ω, and Rg(off) = 20 Ω. This involves the following component values in Fig. 8: Rg(on),1 

= 20 Ω, Rg(off),1 = 12 Ω, Rg(on),2 = 32 Ω, and Rg(off),2 = 56 Ω. The total switching losses in a 

leg then amount to 2.1 W, which corresponds to approximately 1.0 W per MOSFET. 

 

A blanking time is inserted between turning one MOSFET off and turning the other on. 

This is done to avoid a ‘shoot-through’ situation where both MOSFETs are turned on. The 

blanking time must be larger than the turn-off sequence. The duration of the turn-off 

sequence is computed to approximately 40 ns. The blanking time is selected 10 times 

larger to make sure that the shoot-through situation is avoided. The blanking time is then 

computed to 0.4 µs, which corresponds to a programming resistor, Rblank in Fig 8, of 47 k 

Ω. 

 

SIMULATED RESULTS 

The inverter is simulated at the six operation points, in order to verify the design. The 

simulations are carried out in PSIM
®
, with closed-loop current control, and without 

blanking-time. No grid-impedance or grid voltage harmonics are present. The switching 

frequency is equal to 10.7 kHz. 

 

Table 7. Summary of simulated results for the DC/AC inverter. 
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The results are given in Table 7. The European efficiency is calculated to 93.8% for the 

DC-AC inverter, when the most dominant losses are included (conductions losses in the 

DC-link capacitor, MOSFETs, freewheeling diodes, LCL-filter, and switching losses in 

MOSFETs and diodes). 

 

However, using burst mode operation at low irradiation, as described in [9], increases the 

European efficiency from 93.8% to 95.5%. The purpose of burst mode operation is to 

transform constant losses into variable losses. E.g. the loss in the damping resistor is equal 

to 20 Ω x (0.25 A)
2
  = 1.3 W when the inverter is running, no matter what power is 

injected into the grid. The losses in the gate-circuit are also independent of the power 

level. 

Burst mode operation is simulated as follows: The inverter is in idle mode when the DC-

link voltage is below 400 V, and power is injected into the DC-link from the DC/DC 

converter (5.6 W in this case. The DC/DC converter is not discussed in this paper). The 

inverter wakes up when the voltage exceeds 400 V, and injects power into the grid until 

the DC-link voltage has decreased to 330 V. The power stored in the DC-link capacitor is 

given by Eq. (14) to be 0.84 J, and the time it takes to charge it is computed by Eq. (15) to 

be 150ms. It is desirable to inject power into the grid in multiples of 20ms, in order not to 

cause too many harmonics and DC injection. Assuming that the inverter is operated in 

20ms, the discharging power is computed by Eq. (16) to be 48 W. 

 

 
 (14) 

 

     (15) 

 

 (16) 

Burst mode operation is used up to a power level, where the charge- and discharge- 

durations are equal (20 ms). This level is computed to 0.84 J / 20 ms = 42 W, where the 

discharging power is equal to 84 W. The burst-mode efficiency at this level is 95.5%, 

whereas the continuous operating efficiency is 94.2%. Burst mode operation is not 

described further in this paper, but is a future possibility. 

 

Finally, the HF spectrum of the grid current is also simulated. The results are shown in Fig 

10. The simulation reveals a small elevation of the noise current around the resonant 

frequency for the LCL filter. The amplitude of the first switching harmonic at 21.4 kHz is 

equal to 7.5 mA and the amplitude of the seventh harmonic at 149.8 kHz is equal to 11 

µA. The impedance of a 50 Ω|| 50 µH Line Impedance Stabilizing Network (LISN) is also 

shown in Fig 10, and amounts to 34 Ω  47° at 150 kHz. Thus, the peak voltage across 

the LISN at 150 kHz is computed to be 377 µV, which is the same as 52 dBµV. The 

EN55022 quasi-peak limit at 150 kHz is equal to 66 dBµV, so the damped LCL filter is 

capable of damping the HF noise in acceptance with the standard. However, this 

simulation only focuses on Differential Mode (DM) noise caused by the switching, and 

not Common Mode (CM) noise generated by capacitive couplings between alternating 
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potentials, etc. The designed filter is capable of damping the HF noise up to at least 1 

MHz. 

 
Fig 10: Simulated results for the grid-connected inverter at 145 W. The upper graph shows 

the simulated content of HF grid currents. An insignificant resonance is seen at 

approximately 4 kHz, which comes from the resonant frequency of the LCL-filter. The 

middle graph illustrates the impedance characteristic of a 50 Ω|| 50 µH Line Impedance 

Stabilizing Network (LISN). The lower graph shows the corresponding voltage drop 

across the LISN, together with the quasi-peak limits defined in EN55022. 

 

The DC-AC inverter is now designed. The initial design is verified with simulations in 

PSIM
®
 and operates as desired. 
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