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ABSTRACT

Thearticlepresentsphotovoltaicsolarmodulesthathaveadifferentdesignandpurpose.Theprinciples
ofphotoconversioninsolarcells,materialsusedintheirmanufactureandbasiccharacteristicsof
solarcellsaredescribed.Solarcellsofamorphoussiliconandtwo-sidedsolarcellsareconsidered.
Photovoltaicplanarandmatrixsolarmoduleswithextendedlifetimearepresented.Solartilesand
compactfoldingphotovoltaicsolarmodules,aswellasparaboloidconcentratorofsolarradiation
forsolarcogenerationplantsarepresented.Alsoconsideredcascadesolarcellsandsolarmodules
withthedecompositionofthelight.Theconsideredphotovoltaicsolarmodulesareinvestigatedand
manufactured in theAll-RussianResearch InstituteofElectrificationofAgricultureandFederal
ScientificAgroengineeringCenterVIM,Moscow,Russia.
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INTRODUCTION

Currently,agradualdecreaseinthecostofconvertingsolarenergyisobserved,whichisassociated
withadecreaseincapitalcostsforproduction,anincreaseinproductionvolumes,theuseofmore
efficientstructuralmaterialsandanincreaseintheefficiencyofthepowerplant.Oneofthemethodsfor
convertingsolarenergyintoelectricalenergyisthedirectconversionmethodusingplanarandmatrix
solarcells.Insolarenergy,whenusingplanarandmatrixsolarcells,twodirectionsaredistinguished
–photoelectricconversionofnon-concentratedandconcentratedsolarradiation.Therearetwoways
toreducethecostofsolarphotovoltaicstations:improvingthetechnicalandeconomiccharacteristics
ofplanarsolarmodulesandcreatingstationswithconcentrators.Theuseofconcentratingsystems
reducestheconsumptionofsemiconductormaterial.
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Inthepresentwork,weconsidersomeofthemostinteresting,intheopinionoftheauthors,
designsandtechnologicalmethodsaimedforincreasingtheefficiencyandreliabilityofsolarenergy
systems,aswellasreducingtheircostandsimplifyingtheoperationprocedure.

PROPERTIES OF SILICON PHOTOVOLTAIC CONVERTERS

Photovoltaicconversionofsolarradiationintoelectricalenergyoccursinsemiconductorphotovoltaic
(PV)cells.PVcellsbasedoncrystallinesiliconaremostwidelyused.

Semiconductors can exist as intrinsic aswell asdoped, in case existing in thematerial any
impurities.Accordancewiththetypeofimpuritiesnatureofthechargecarriersmaybeofdifferent
type.DopedsemiconductorscanbeN-type(withelectronsasmainchargecarriers)orP-type(with
holesthatbehavelikepositivelychargedparticlesasthemainchargecarriers).

Intheelectricfield,bothfreeelectronsandelectrons,jumpingfromthevalenceband,move
againstthedirectionoftheelectricfield,sincetheyhaveanegativeelectriccharge.Thismeansthat
thefreeplacesmoveinthedirectionoftheelectricfield.Vacantplace,thus,behaveslikeaparticle
withapositivechargeandmass,whichdiffersfromthemassofthefreeelectron.Thisquasiparticle
isusuallycalleda“hole”(Strebkov,2010a;Strebkov,2010b;Strebkov,2010c;Kharchenkoetal.,
2010;Kharchenkoetal.,2019;Panchenkoetal.,2015;Strebkovetal.,2013).

Intheintrinsicsemiconductor,theescapeofoneelectronfromthevalencebandleadstothe
formationofonehole,thenumberoffreeelectronsandholesisequal.Thecrystalasawholeremains
electricallyneutral.Iftheelectron-holepairisformedbyafallingphoton(thatis,aquantumoflight),
thenthephotonenergyshouldbeequaltoorlargerthanthebandgapwidth.Photonswithlowerenergy
passthroughthesemiconductorandphotonswithhigherorequalenergygenerateelectron-holepairs.
ThebandgapinsiliconisapproximatelyΔEG≈1,1eV.Thatis,siliconistransparenttophotonsof
lowerenergiesthatpassthroughthematerialwithouthindrance.Thewavelengthscorrespondingto
theseenergiesaregreaterthanaboutλ≥1100nm.

IfwereplaceSiatomsinasiliconcrystalwithatomsofsomeelementsofthefifthgroupofthe
periodicsystem,whichhave5valenceelectrons(forexample,As,P,Sb),thenfourofthesevalence
electronsformcovalentbondswithneighboringsiliconatoms.Thefifthelectronwillbeweaklybound
totheimpurityatom.Thisdopedsemiconductoriscalledann-typesemiconductor(“negative”).When
arelativelysmallamountofenergyissupplied,thiselectron“breaksaway”fromtheatom.These
pentavalentatomsarecalleddonors,sincetheysupplyfreeelectrons.Asaresultoftheinteraction
ofphotonsofsolarradiationwithasemiconductor,electron-holepairsareformed.

Iftwolayersofasemiconductorwithdifferenttypesofconductivityareconnected,aso-calledp-n
junctionisformed.Itisherethatthecarriers(electronsandholes)areseparated,asaresultofwhich
apotentialdifferenceiscreatedontheplatesoftheselayers.Iftheselayersareconnected,anelectric
currentwillflowthroughthewire.Inthiscasep-njunctionfunctionsasasimplesemiconductordiode.

Solarcells(SC)arethemaincomponentsofanysolarpowergeneratingsystem.TodaySCsand
panelsobtainedbydifferenttechnologiesandonthebasisofdifferentsemiconductormaterialsare
usedinworldpractice.AclassicexampleofaSCisadevicecreatedonasingle-crystalsiliconwafer
usingthetechnologyofmanufacturingclassicaldiodes.

TheSCisa largesemiconductordiodewithap-njunction.It ismanufacturedonaplateof
semiconductormaterial,mainlysilicon.Intheplateregionswithp-andn-typeconductivityarecreated.
ThebasisoftheSCisthep-njunction,whichperformsthefunctionofseparatingtheelectron-hole
pairsformedasaresultoftheactionofsolarphotons.ThetechnologicalcycleofobtainingaSC
isacomplexofoperations,similartotheoperationsofthetechnologicalcycleofmanufacturing
semiconductordiodes.

TherawmaterialformanufacturingSCsisasingle-crystalsiliconingot,oftengrownfromthe
meltbytheCzochralskimethod.Thetechnologicalchainofmanufacturingsiliconforsolarcellsis
quitelong.
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