
Galvanical Isolated Microinverter with GaN Transistors for Photovoltaic 
Modules 

Andreas Hensel, Cornelius Armbruster, Gilles Rouffaud 
FRAUNHOFER INSTITUTE FOR SOLAR ENERGY SYSTEMS 

Fraunhofer ISE, Heidenhofstrasse 2 
79110 Freiburg, Germany 

Tel.: +49 / (0)761 – 4588 5099 
E-Mail: andreas.hensel@ise.fraunhofer.de, cornelius.armbruster@ise.fraunhofer.de, 

gilles.rouffaud@ise.fraunhofer.de 
URL: https://www.ise.fraunhofer.de 

Acknowledgements 

This work has been funded by the Federal Ministry of Education and Research (funding code 
0325890A). 

Keywords 

« Alternative energy », « Gallium Nitride (GaN) », « Device application », « Photovoltaic » 

Abstract 

A microinverter with GaN transistors is presented in this work. It consists of two stages: a DC-DC-
stage with HF galvanic isolation in combination with an inverter stage. High efficiency above 97.5 % 
is reached in all stages. The weight of the demonstrator developed is 492 gr at 675 cm³.  

Introduction 

New grid codes for solar energy systems are 
increasing the dynamic on the market for 
microinverters and module integrated electronics 
[2], for example in the USA and Austria [1]. In 
particular, it is now mandatory to disconnect the 
DC voltage of the system on module level in case 
of fire or outage. For manufacturers of solar 
inverters it has thus become more and more 
important to cover this market segment with their 
portfolio while respecting the standards defined in 
the new grid codes. 
Technically, microinverters are challenging 
systems: On one hand the cost of these systems are 
quite critical as the total power is at a low range 
(250 – 350  W). This leads to the circumstance that 
the specific system costs will always be higher than 
those for systems at a higher power range. 
Furthermore weight and size are an important 
factor because microinverters are typically installed 
on the roof beside or underneath the PV modules. 

 

 

Figure 1 Overview of commercial mono- and 

polycrystalline PV modules. The relation between 

MPP voltage and nominal power is shown 

 

Figure 2 System concept of the developed 

microinverter 
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Moreover, the environmental conditions (temperature, humidity, etc.) are quite harsh. 
Despite the low power range, high weighted system efficiency has to be reached, that cannot be much 
lower than those for conventional string systems. 
At the same time microinverters are offering some intrinsic advantages as for a reduction of mismatch 
losses and partial shading losses, more flexible and modular possibilities on system level and the 
already mentioned possibility of disconnection functionality on module level. 
For future systems the application of GaN transistors will become more and more attractive as the 
prices are expected to decrease. In order to show the advantages of this technology on system level a 
microinverter with GaN transistors was developed within a research project. The well-known 
advantages of GaN and SiC transistors (good static and dynamic characteristics) were already shown 
in different publication [3-5] and are here transferred in the application of a microinverter. GaN  

 

  

Figure 3 DC-DC stage, primary side option A: 

Forward converter with center tapped transformer 

Figure 4  DC-DC stage, primary side option B: 

Halfbridge push pull converter 

  

Figure 5  DC-DC stage, primary Side option C: 

Fullbridge push pull converter 

Figure 6  DC-DC stage, primary Side option D: 

Fullbridge push pull converter with DC  inductor 

 

Figure 7 Comparison of all investigated options for the primary side of the DC-DC stage 
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Transitor blocking voltage 0 + + 0

Transistor current 0 - + 0

transformer complexity - 0 + -

turn ratio of transformer 0 - + 0

Transformer current 0 - 0 0

Utilization of transformer - 0 + -

Control complexity + + + + ++ 2 Points

Modulation possibilities 0 0 + 0 + 1 Points

Peak efficiency - - 0 + 0 0 Points

Weighted efficiency - + + - - -1 Points

Evaluation - 0 ++ 0 -- -2 Points
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Transistors are available in voltage range up to 650 V which is well suited for a single phase inverter, 
whereas 100 V GaN transistors are perfectly suited for the input stage of the microinverter. 

System Concept 

As it can be seen in Figure 1 the input voltage range of the microinverter has to be between 20 and 
50 V in order to work on most of commercial PV modules. Also it can be seen that for lower power 
input voltage, a reduction of power is reasonable. The dashed line in black shows this power derating.  
Because of the low and wide input voltage range a two-stage topology is chosen in which, at the first 
stage, the input voltage is boosted up to the required DC link voltage and an inverter stage which is 
feeding the energy into the public electric grid. Another advantage of this concept is that the MPP 
tracking can be realized independently from the control of the grid current. 

  

Figure 8 DC-DC stage, secondary side option A: 

Center tapped secondary side with two diodes and 

with or without a DC  inductor 

Figure 9  DC-DC stage,  secondary side option B: 

Two diode rectifier with coupled output inductor 

  

Figure 10  DC-DC stage,  secondary Side option C: 

Two diode rectifier 

Figure 11  DC-DC stage,  secondary Side option D: 

Four diode rectifier with or without DC  inductor 

 

Figure 12 Comparison of all investigated options for the secondary side of the DC-DC stage 
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As a first step, different topologies for both stages are analyzed and compared. The results lead to the 
chosen system topology. 

Topology 

The topology for the DC-DC and the inverter stages are chosen independently. The results on these 
investigations are presented in this paper. 

  
DC-DC Stage 
Due to the actual grid codes, only DC-DC stages with galvanic isolation realized with a HF 
transformer are investigated. Topologies based on a LF transformer are simply too heavy and lead to 
lower efficiency. It is also important to note that the transformerless topologies do not correspond to 
actual grid codes and are not considered in this study. The DC-DC stage can be divided into the 
primary (low voltage) and the secondary (high voltage side). Different possibilities for both sides are 
investigated separately. 
All different topologies are shown in Figure 3 to Figure 6. A detailed summary and a rating are 
presented in Figure 7. Option C (Figure 5) is chosen as it leads to a good utilization of the transformer 
and to a high efficiency. An additional DC inductance will lead to lower currents in the  
 
circuit but also to transient overvoltages due to the stray inductance of the transformer. Therefore the 
microinverter is realized without DC inductor. 
For the secondary side, different rectifier stages are compared. In principle it is possible to combine 
each primary side option with each secondary side option featured in this study. Only options with DC 
inductors at input and output are not feasible. 
Every option with a DC inductor has the great disadvantage of inducing high overvoltages in the 
semiconductors due to the stray inductance of the transformer. This requires the integration of an 
active clamping circuit, increasing the costs and complexity of the system. Therefore, a voltage source 
at the output stage is preferable. Option B shows a coupled DC inductor at the output. 
A two-diode option has the feature of having a required blocking voltage doubled in relation to the 
operation voltages of the secondary side of the transformer. A detailed comparison is shown in Figure 
7. For the microinverter developed, a four diode rectifier without DC inductance is selected. 

DC-AC Stage 
For the inverter stage a standard H4 bridge combined with a LCL filter is implemented. The topology 
of the DC-AC stage is shown in Figure 13. As switching pattern bipolar switching was chosen due to 
the parasitic capacitance of the PV module.  

 
 

 
Figure 13 Topology of the DC-AC Stage 
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Hardware 

 A complete demonstrator for a nominal power of 300 W is developed and realized according to the 
topology presented above. The transistors on the primary side are 100 V SMD GaN transistors with an 
on-state resistance of 7 mOhms, and the switching frequency of the DC-DC stage is 150 kHz. The turn 
ratio of the transformer is 1:16 and the rectifier diodes are 1200 V SiC Schottky diodes. The DC link 
voltage range is from 350 to 450 V. In order to buffer the 100 Hz power ripple the DC link capacitor 
consist of 20 single electrolyte capacitors with a capacitance of 15 µF each and additional ceramic 
capacitors.  

 

 
Figure 14 Developed Hardware 

 
Table I Specification of the demonstrator 

 

Parameter Symbol Value 

Input Voltage UPV 20 V – 50 VDC 

DC Link Voltage UDC-link 350 – 450 VDC 

Grid Voltage UN 230 VAC 

Switching Frequency DC-DC-Stage fs 150 kHz 

Switching Frequency DC-AC-Stage fs 50 kHz 

Nominal Power PN 300 W 

DC Link Capacitor CDC-link 300 µF 

Main Inductor LCL-Filter LH 940 µH 

Capacitor LCL-Filter CLCL 330 nF 

Grid Inductor LCL-Filter LN 16 µH 

Size 150 x 150 mm2 

Weight 492 g 

Transistors DC-DC-Stage GaN (100 V, 7 mOhm) 

Transistors DC-AC-Stage GaN (650 V, 50 mOhm) 
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The inverter stage is realized with 650 V GaN transistors (ܴୈୗ(୭୬) = 50	݉Ω) and switches at 50 kHz. 
The main filter inductance is splitted in two coupled inductors on the same core in order to reach a 
better EMC behavior and save space. 
The demonstrator has been designed in the most compact way possible, in order to minimize the size 
of the system. The overall system is therefore integrated on a 150 mm x 150 mm sized PCB including 
grid relay, EMC input and output filter, voltage and current measurements and the controller. The total 
weight of this demonstrator is only 492 g.  
All transistors are designed on an interchangeable PCB with a special design for optimized cooling. 
The design is already prepared for the integration in a housing. A photograph of the developed 
hardware can be found in Figure 14. 
The complete electrical specifications of the microinverter are presented in Table I. 

Measurement Results 

Both stages were tested and their efficiency was optimized and measured. The measurements are 
performed with a high precision power analyzer Yokogawa. The auxiliary power supply losses are 
measured separately and are not included in the graphs. The sum of the auxiliary supply losses are 
~1.6 W. 
The transformer-based DC-DC stage is the most critical stage concerning the efficiency. In Figure 15 
it can be seen that the maximum efficiency is at 97.5 % and is reached at 50 % of the nominal power. 
Efficiency curves for 150 kHz switching frequency and different transformers are shown. The winding 
and core geometry have been varied. The gate driver configuration was +6.6 V / 0 V and the gate 
resistors configuration was Rg,on = 10 Ohm; Rg,off = 1.5 Ohm. The efficiency of the inverter stage 
reaches 98.5 % at nominal power. Different curves for different values of the gate resistance have been 
carried out Figure 16. For this stage, the switching frequency is 50 kHz. 

Conclusion 

In this paper a microinverter with GaN transistors was presented. A detailed preliminary study for the 
choice of the topology for the DC-DC converter is presented. The results lead to the development and 
the realization of a compact demonstrator having a size of 150 mm x 150 mm and a weight of 492 g. 
An input stage, galvanically isolated by a HF transformer, provides the MPP tracking and the boosting 
of the input voltage up to the DC link voltage. The peak efficiency here is 97.5 %. The second stage is 
a H4 inverter combined with a LCL filter and feeds the power into the electric grid. It can be 
controlled independently from the input stage and enables thus the microinverter to deliver reactive 

 

Figure 15 Efficiency of the DC-DC stage with 

different transformers (d = 0.49, VDClink = 400 V, 

fs = 150 kHz) 

Figure 16 Efficiency of the DC-AC stage with 

different values of the gate resistor(VDClink = 350 V, 

fs = 50 kHz) 
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power. The efficiency here is up to 98.5 % (see Figure 16). All transistors are realized with GaN 
transistor in SMD packages. A special modular cooling concept enables an operation of the devices 
without active cooling. A suitable housing of the microinverter will be designed soon. 
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