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ABSTRACT 

 Photovoltaic (PV) arrays are commonly connected to the grid by a single 

dc–ac inverter connected to a series string of pv panels, or many small dc–ac 

inverters which connect one or two panels directly to the ac grid. This paper 

proposes an alternative topology of non isolated per-panel dc–dc converters 

connected in series to create a high voltage string connected to a simplified dc–

ac inverter. This offers the advantages of a “converter-per-panel” approach 

without the cost or efficiency of individual dc–ac grid connected inverters. Buck, 

boost, buck-boost, and Cuk converters are considered as possible dc–dc 

converters that can be cascaded.  The buck and then boost converters are shown 

to be the most efficient topologies for a given cost, with the buck best suited for 

long strings and the boost for short strings. 

INTRODUCTION 

 With increasing worldwide interest in renewable energy production and use, 

there is renewed focus on the power electronic converter interface for dc energy 

sources. Specific examples of such dc energy sources that will have a role in 

distributed generation and sustainable energy systems are the photovoltaic (PV) 

panel [1], the fuel cell stack [2], and batteries of various chemistries [3]. The dc 

energy sources are all series and parallel connections of a basic “cell.” These 

cells all operate at a low dc voltage, ranging from less than 1 V (PV cell) to 3 or 

4 V (Li–Ion cell). These low voltages do not interface well to existing higher 
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power systems, so the cells are series connected to create a battery, a fuel cell 

stack, or a PV module or panel with a higher terminal voltage. PV panels in a 

string are never exactly identical. Because PV panels in a series string have the 

same current, the least efficient panel, and indeed cell. The overall efficiency of 

the array is reduced to the efficiency of this cell. Placing a dc–dc converter on 

each half-panel or panel substring, and then connecting these converters in series 

strings avoid many of the problems. This paper examines the advantages, 

difficulties, and implementation issues of using a cascaded converter connection 

for a series string of PV panels, or more generally dc energy sources. A 

proposed residential grid connected solar installation consisting of twelve 12-V 

60-W PV panels is used where a specific example is helpful in developing the 

discussion. 

Converter Interface of PV Panels 

A. Single DC String, Single DC–AC Inverter 

 In a residential system of say 2 kW or less, all the PV panels on the rooftop 

can be connected electrically in series, to create a high voltage low current dc 

source. This source is connected to a single dc–ac inverter within the roof or 

house. The ac then runs to the residential switchboard. 

B. Individual DC–AC Inverters per Panel  

 In this recent approach, each PV panel has its own dc–ac inverter, mounted 

at the panel on the rooftop. A 240-V ac connection from the switchboard runs to 

the rooftop, and loops from inverter to inverter, panel to panel. Each panel is 

now effectively placed in parallel, via its own dedicated inverter. To efficiently 

convert the panel’s low dc voltage to the 240-V ac grid voltage they invariably 

require a transformer. Rectification to a high voltage dc bus followed by an ac 

inversion stage and line side filtering can also be done. 
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C. Multi-Converter Strings—Panel Integrated DC–DC, String 

DC–DC 

 The approach proposed in this paper combines aspects of these two 

approaches. Every panel has its own converter, but these converters are dc–dc 

converters, and the panels with their associated converters are still placed in 

series to form a dc string. A single dc–ac inverter is then required to connect to 

the grid. 

Advantage of a Per Panel Approach 

 A panel integrated converter approach whether dc–dc or dc–ac has many 

advantages: 

 1) Better Utilization on a per Module Basis:  

 In a solar power application, each converter can independently perform 

maximum power point tracking (MPPT) for its PV panel. It offers the further 

advantage of allowing panels to be given different orientations. Another 

advantage is the greater tolerance to localized shading of panels. These reasons 

taken together are the most important advantage of per-panel distributed 

converters in PV applications. 

2) Mixing of Different Sources Becomes Possible: 

 Existing PV panel strings could be extended by adding new higher output 

panels without compromising overall string reliability or performance. 

3) Better Protection of Power Sources. 

4) Redundancy of Both Power Converters and Power Sources 

5) Better Data Gathering 

6) Greater Safety during Installation and Maintenance: 

7) Cost Justification or Advantage 
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DC-DC Converters: 

 Four possible non isolated dc–dc converter topologies are considered in turn 

for their suitability as PV panel converters (Figure A)—the boost, buck, buck 

boost and Cuk. Each is shown with an N -channel MOSFET configured as a low 

side switch relative to the dc source, the PV panel. 

A. Boost Converter Modules:  A boost converter initially appears the most 

suitable for a series connected integrated dc–dc converter. A boost characteristic 

allows the required 340-V minimum dc bus voltage (for 240-V transformer-less 

ac grid connection) to be achieved with fewer PV panels. With the open circuit 

voltage of the PV panel set below the desired converter output voltage, a boost 

characteristic would also allow the maximum power point (MPP) to always be 

tracked [4].  

B. Buck Converter Modules: In a buck converter, the output voltage must 

always be less than the input voltage. A series string connection of buck 

modules do allow total independence of output voltage and hence power, while 

the output currents are forced equal by the series connection. Further, the 

internal freewheel diode allows an inactive or failed module to automatically be 

bypassed without shorting the dc source. 

C. Buck-Boost and Cuk Converter:  The buck-boost and Cuk inverting 

converters are traditionally not favored because of their poor switch utilization, 

achieving a maximum of 25% at a duty ratio of 50%. It will however mean that 

these converters are unlikely to achieve the same efficiency as the buck or boost 

converters. As V IN=VOUT at continuous current mode [5] which is not 

particularly a significant issue at low PV voltage of 21V maximum and power 

less than 100W. 
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Figure A: Four possible non isolated dc-dc topologies-Buck, Boost,  

Buck-Boost, Cuk 
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Simulation of Converter Losses: To best assess the relative merits of the 

converters presented a simulation of the converter losses was calculated 

 

 

 

 With all these equations the simulation was run for power loss and 

efficiency of a Boost converter. With these RMS currents calculated, the 

conduction losses of the inductor PL (8), MOSFET switch PQ,C (9), input 

capacitor PCi (13) and output capacitor PC0 (14) are easily modeled. Since a 
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schottky diode was used, diode switching losses were assumed to be zero. 

Finally a constant additional power loss Pmisc was added to account for other 

unaccounted losses such as inductor core losses. No power was allocated to 

control, since modern microcontrollers are available which can operate with less 

than 1 mW of power. 

 Figure B shows theoretically calculated efficiencies of four dc–dc converter 

configurations—buck, boost, buck boost, and cuk. The top plot is for the original 

specification of converter, while the middle and bottom plots show the 

improvements due to lower resistance MOSFETs and inductors (middle), and 

then additionally, the use of MOSFETs as synchronous rectifiers in place of 

Schottky diodes (bottom). 
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Figure B 
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 Having run the simulations in the model of the boost converter, the losses of 

all four converters considered in this paper were modeled in Matlab using a 

similar selection of components. Despite having about twice the volume of 

capacitors, an twice the volume of inductors, the buck-boost and cuk converters 

fared badly compared to the other converters due to their high semiconductor 

conduction and switching losses (see Figure B top). The buck converter bettered 

the boost, especially at lower currents, since a MOSFET rather than a Schottky 

diode is in the direct input-output path. 

CONCLUSION 

 Photovoltaic (PV) arrays (3 kW) are commonly connected to the grid by one 

of two approaches—a single dc–ac inverter connected to a series string of PV 

panels, or many small dc–ac inverters which connect one or two panels directly 

to the ac grid. A “converter-per-panel” approach offers many advantages 

including 

1) Individual panel maximum power point tracking, which gives great 

flexibility in panel layout, replacement; 

2) Better protection of PV sources and redundancy in the case of source or 

converter failure; 

3)  Easier and safer installation and maintenance; 

4)  Better data gathering. 

 However, dc–ac per-panel inverters must step from a low dc voltage directly 

to a high ac voltage. Every panel must have an ac inverter and associated 

protection and filtering components. Simple non isolated per-panel dc–dc 

converters can be series connected to create a high voltage string connected to a 

single simplified dc–ac inverter. The advantages of per-panel converters are 

available without the cost or efficiency penalties. Buck, boost, buck-boost, and 

Cuk converters are examined as possible cascadable converters. The boost 
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converter is best if a significant step up is required. However, under unusual 

unfavorable conditions, the boost converter string cannot always deliver all the 

power from a mixture of shaded panels and those delivering full power. A string 

of buck converters requires many more panels, but can always deliver any 

combination of panel power. The buck converter will be the most efficient 

topology for a given cost. While flexible in voltage ranges, buck-boost and cuk 

converters are always at efficiency. 
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