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Abstract: 
Low leakage current and high efficiency are two key indexes for transformer less 

PV grid-connected inverter. The Transformer less inverter topologies have superior 
efficiency thanks to saving transformer, but their semiconductor devices are still on hard-
switching state at present. First and foremost, a novel zero current-transition (ZCT) 
concepts for the single-phase full-bridge transformer less PV grid-connected inverters is 
presented in this project. Second, the zero-current turn-off for high-frequency main 
switches of the inverters and the zero-current turn-on for auxiliary switches added are 
achieved by introducing two resonant tanks. Furthermore, a family of ZCT transformer 
less grid connected inverters with sinusoidal pulse width modulation is deduced. 
Especially, taking zero current-transition six-switch full bridge topology (ZCT-H6-I) as an 
example, its operation principle, soft-switching conditions, duty cycle constraints, and 
parameter design procedure of the resonant tank are analyzed in detail. 
Introduction: 

Transformer less PV grid-connected inverters have already found widespread 
application in practice .The higher conversion efficiency and lower leakage current are 
two major pushing forces in the development of the transformer less grid-connected 
inverter. In order to improve the efficiency of the single-phase transformer less grid-
connected inverters, two ways are developed: one is constructing multilevel circuit 
structures (mainly focusing on five-level topologies; and the other is using new 
semiconductor devices, such as SiC-type or GaN-type devices. The single-phase 
transformer less multilevel grid-connected inverter has some merits, such as lower 
voltage stress for power device, smaller filter size and losses, which is beneficial to gain 
the efficiency. However, the control strategy is sophisticated given the problem of 
voltage unbalance for the power devices, and the degraded reliability of the inverter.  

The wide band gap (WBG) semiconductor devices will promote the development 
of power electronics and improve on the conversion efficiency essentially. However, at 
present, the fabricating technique of the new materials stays on immature still, and the 
rate of finished products is low. Therefore, the cost of the inverter with WBG devices 
would be increased significantly, which is reverse with the target of “dollar per watt” 
initial installation cost for PV generation system. Under current technology background, 
soft-switching technique is a feasible choice to further gain the conversion efficiency for 
the transformer less PV grid-connected inverter. Adopting soft-switching technique can 
significantly reduce or, even eliminate the switching losses of Si-semiconductor device; 
at same time, the rising and falling processes of Si-semiconductor device can be 
softened to reduce the voltage and current stresses, and electromagnetic interference. 
Soft-switching technique for dc–ac inverter was first proposed by, which received 
considerable attention in the past decades. In general, the soft-switching dc–ac inverter 
can be classified as resonant link dc–ac inverter, resonant transition dc–ac inverter, and 
load resonant dc–ac inverter, according to their switching characteristics. In addition, 
according to the position of resonant branches or auxiliary branches added in the 
inverter topology, the soft-switching topologies can be divided into dc side type, and ac 
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side type. However, in some topologies, for the drawbacks such as high voltage and 
current stress, complex control strategy would occur, which make them difficult for 
industry applications Zero-current-transition (ZCT) technique was initially applied in 
ac–dc and dc–dc converter ,with the desirable features of pulse width modulation 
(PWM) and zero-current turn-off for high-frequency switches. Therefore, a simple, 
efficient ZCT topology for single-phase transformer less PV grid-connected inverter (dc–
ac) will be attractive. This paper focuses on improving the conversion efficiency of the 
transformer less full-bridge topologies by using soft switching means. First, a zero-
current-transition H6-I topology (ZCT-H6-I) is proposed, which is derived by reducing 
the switching losses to gain the conversion efficiency. Compared to hard-switching H6-I 
topology (HS-H6-I), two ZCT resonant tanks are in parallel added to high-frequency 
main power devices around, which make the high-frequency main switches running 
under zero-current turn-off condition. At the same time, the added auxiliary switches 
can achieve zero-current turn-on. In the proposed ZCT-H6-I, the potential of 
freewheeling path can also be freely clamped during the freewheeling period, so that 
the common-mode voltage is constant, which is suitable for transformer less PVgrid-
connected applications. Finally, this paper further extends the ZCT concept into other 
transformer less full-bridge topologies such as Heric, H5, and H6-II; here several typical 
ZCT-full bridge topologies have been presented. Apparently, the soft-switching 
technique is a key to gain the conversion efficiency and reduce the cost for PV grid-
connected inverters. 
Circuit Structure and Operation Principle: 

The soft-switching operation for the high frequency main switches S5 and S6 in 
the HS-H6-I topology, the resonant components C5a , L5a , C6a , L6a, the auxiliary 
switches S5a , S6a(including their antiparallel diodes or, body diodesD5aand D6a), and 
one auxiliary diode Da are introduced to form two resonant tanks, L5a= L6a = Lr,and 
C5a = C6a = Cr. The line-frequency full-bridge inverter consists of the switches S1 , S2 , 
S3 , and S4 ; the inductors L1 , L2 , and capacitor C1 make up the filter connected to the 
grid; D7 and D8 are a couple of clamping diodes in the freewheeling period.  

 
All semiconductor devices are ideal switches with antiparallel diodes, and the 

diodes are also ideal diodes without parasitic parameters (this assumption will ignore 
the reverse-recovery problem); The capacitance Cdc1 and Cdc2 of the dc filter are large 
enough to be treated as a constant voltage sources (this assumption will ignore the dc 
injection problem), and the inductance L1 and L2 of the ac filter are large enough to be 
treated as a constant current sources at the switching frequency scale. The key 
operation waveforms of the ZCT-H6-I at the switching frequency scale. The explanation 
of the key waveforms is as follows: S1,4 , S5,6 , and S5a,6a are the gate driving signals of 
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S1 and S4 , S5 and S6, S5aand S6a, respectively; iCE5  is the current through the switch 
S5 ; iD5 is the current through the diode D5 reverse; uS5 is the voltage across the switch 
S5 ; iDS5a is the current through the switch S5a; iD5ais the current through the diode 
D5areverse; uS5ais the voltage across the switch S5a ; iDa is the current through the 
diode Da ; uDa is the voltage across the diode Da ; iS1,S 4 and iD3,D2 are the current 
through the switches S1 and S4 , and the current through the diodes D3 and D2 , 
respectively; iL5aand uC5aare the current  through the inductor L5aand the voltage 
across the capacitor C5a , respectively, and ILa and UCa are the peak value of resonant 
inductor and resonant capacitor, respectively; iLis the current through the inductor L1 , 
and ILis its amplitude; in positive half cycle of the grid-in current, S1 and S4 are always 
ON, S2 and S3 are always OFF; in negative half cycle, S1 and S4 are always OFF, S2 and 
S3 are always ON. S5 and S6 commutate at the high switching frequency with the same 
commutation orders, the auxiliary switches S5aand S6a, respectively, commutate with 
S5 and S6 with an overlapping time, and the drive logic timing of all switches is 
illustrated in Fig. . Obviously, the line-frequency switches S1 − S4 have a little switching 
loss, and the majority of the switching losses distribute on the high frequency switches 
S5 and S6.  to zero at t1. 
Operation Principle Analysis: 
         Before the analysis, the following assumptions are given: 1) All semiconductor 
devices are ideal switches with antiparallel diodes, and the diodes are also ideal diodes 
without parasitic parameters (this assumption will ignore the reverse-recovery 
problem); 2) the capacitance Cdc1 and Cdc2 of the dc filter are large enough to be 
treated as a constant voltage sources (this assumption will ignore the dc injection 
problem), and the inductance L1 and L2 of the ac filter are large enough to be treated as 
a constant current sources at the switching frequency scale. 

The key operation waveforms of the ZCT-H6-I at the switching frequency scale. 
The explanation of the key waveforms is as follows: S1,4 , S5,6 , and S5a,6aare the gate 
driving signals of S1 and S4 , S5 and S6, S5aand S6arespectively; iCE5 is the current 
through the switch S5 ; iD5 is the current through the diode D5 reverse; uS5 is the 
voltage across the switch S5 iDS5a is the current through the switch S5a ; iD5ais the 
current through the diode D5areverse; uS5ais the voltage across the switch S5a ; iDa is 
the current through the diode Da; uDa is the voltage across the diode Da ; iS1,S 4 and 
iD3,D2 are the current through the switches S1 and S4 , and the current through the 
diodes D3 and D2 respectively; iL5aand uC5aare the current through the inductor L5a 
and the voltage across the capacitor C5a, respectively, and ILa and UCa are the peak 
value of resonant inductor and resonant capacitor, respectively; iLis the current 
through the inductor L1 , and ILis its amplitude; in positive half cycle of the grid-in 
current, S1 and S4 are always ON, S2 and S3 are always OFF; in negative half cycle, S1 
and S4 are always OFF, S2 and S3 are always ON. S5 and S6 commutate at the high 
switching frequency with the same commutation orders, the auxiliary switches S5and, 
respectively, commutate with S5 and S6 with an overlapping time, and the drive logic 
timing of all switches is illustrated . Obviously, the line-frequency switches S1 − S4 have 
a little switching loss, and the majority of the switching losses distribute on the high 
frequency switches S5 and S6. One complete switching cycle can be divided into nine 
stages; because of the similarity, only the switching modes in the positive half period of 
the grid-incurrent are described in detail. 
Duty Cycle of High-Frequency and Auxilary Switches: 

Assuming that d1 is the duty cycle of the high-frequency main switches S5 and 
S6, and d2 is the duty cycle of the auxiliary switches S5aand S6a. Under the conditions 
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that S5 and S6 are turned OFF at t2 , and S5a and S6aare turned off at t3 , respectively, 
the overlapping time of the high-frequency  main switches and auxiliary switches isΔ = 
Tr /4, and the duty cycle d of the output differential-mode voltage of the ZCT- H6-I is 
given by 

d = d1 + d2 – Tr 4TS 
With the assumptions of the grid-in current iL (t)  IREFsinω0 tand the modulation 
signal m = Asin(ω0 t + ϕ) from the grid-in current controller, the modulation signals of 
the high frequency main switches and auxiliary switches can be calculated, respectively, 
In order to guarantee safety of the resonant action, the timing constraint must be 
satisfied as follows: When the ON time d1TS of the high-frequency main switches is 
more than a half resonant cycle (Tr/2), the auxiliary switches are initiated to work. 
Simulation Diagram: 
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Power Factor Correction: 
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Output Grid Current: 
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Zero Current Transition: 

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
-200

-100

0

100

200
<MOSFET current>

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
-100

0

100

200

300

Time

<MOSFET voltage>

 
Conclusion: 

The soft-switching technology is very important to push the switching frequency 
into the higher level for PV grid-connected inverter, and the size, weight, and cost can be 
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reduced significantly. A ZCT concept for transformer less full-bridge topologies has been 
proposed in this project, which has the following characteristics. 1) The high-frequency 
main switches realize zero-current turn-off, and the added auxiliary switches realize 
zero-current turn-on. 2) The ZCT resonant tank has no influence on the differential-
mode and common-mode characteristics compared with hard-switching counterpart. It 
can be concluded that the proposed ZCT concept is suitable for higher power level of 
single-phase grid-connected systems with solar cell. 
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