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76 ManagingMgrainsMandMinterfacesMviaMligandManchoringMenablesMffbgRaefficiencyMinvertedMperovskiteM
solarMcellsbMNatureoEnergyZM2020ZMiZMegeaehd 62.3 552

75 uMgenericMinterfaceMtoMreduceMtheMefficiencyastabilityacostMgapMofMperovskiteMsolarMcellsbMScienceZM
2017ZMgilZMeemfaeemk 33.3 418

74 yfficientMtandemMsolarMcellsMwithMsolutionaprocessedMperovskiteMonMtexturedMcrystallineMsiliconbM
ScienceZM2020ZMgjkZMeegiaeehd 33.3 298

73 vipolarashellMresurfacingMforMblueMLyxsMbasedMonMstronglyMconfinedMperovskiteMquantumMdotsbM
NatureoNanotechnologyZM2020ZMeiZMjjlajkh 28.7 281

72 ·ighaperformanceMsemitransparentMperovskiteMsolarMcellsMwithMsolutionaprocessedMsilverMnanowiresM
asMtopMelectrodesbMNanoscaleZM2015ZMkZMejhfam 7.7 257

71 ullaperovskiteMtandemMsolarMcellsMwithMfhbfRMcertifiedMefficiencyMandMareaMoverMeMcmfMusingM
surfaceaanchoringMzwitterionicMantioxidantbMNatureoEnergyZM2020ZMiZMlkdalld 62.3 233

70 ubnormalMstrongMburnainMdegradationMofMhighlyMefficientMpolymerMsolarMcellsMcausedMbyMspinodalM
donoraacceptorMdemixingbMNatureoCommunicationsZM2017ZMlZMehihe 17.4 223

69 αnterfaceMyngineeringMofMPerovskiteM·ybridMSolarMwellsMwithMSolutionaProcessedMPeryleneâ��xiimideM
·eterojunctionsMtowardM·ighMPerformancebMChemistryoofoMaterialsZM2015ZMfkZMffkafgh 9.6 208

68 PervasiveMfunctionalMtranslationMofMnoncanonicalMhumanMopenMreadingMframesbMScienceZM2020ZMgjkZMeehdaeehj33.3 168

67 OvercomingMtheMαnterfaceMLossesMinMPlanarM·eterojunctionMPerovskiteavasedMSolarMwellsbMAdvancedo
MaterialsZM2016ZMflZMieefafd 24 167

66 RegulatingMstrainMinMperovskiteMthinMfilmsMthroughMchargeatransportMlayersbMNatureoCommunicationsZM
2020ZMeeZMeieh 17.4 165

65 TowardsMlowacostZMenvironmentallyMfriendlyMprintedMchalcopyriteMandMkesteriteMsolarMcellsbMEnergyo
andoEnvironmentaloScienceZM2014ZMkZMelfmaelhm 35.4 164

64 αmprovedM·ighayfficiencyMPerovskiteMPlanarM·eterojunctionMSolarMwellsMviaMαncorporationMofMaM
PolyelectrolyteMαnterlayerbMChemistryoofoMaterialsZM2014ZMfjZMiemdaiemg 9.6 163

63 QuantumMxotsMSupplyMvulkaMandMSurfaceaPassivationMugentsMforMyfficientMandMStableMPerovskiteM
SolarMwellsbMJouleZM2019ZMgZMemjgaemkj 27.8 154

62
uMUniversalMαnterfaceMLayerMvasedMonManMumineazunctionalizedMzullereneMxerivativeMwithMxualM
zunctionalityMforMyfficientMSolutionMProcessedMOrganicMandMPerovskiteMSolarMwellsbMAdvancedoEnergyo
MaterialsZM2015ZMiZMehdejmf

21.8 141

61 ReducingMxefectsMinM·alideMPerovskiteMNanocrystalsMforMLightaymittingMupplicationsbMJournaloofo
PhysicaloChemistryoLettersZM2019ZMedZMfjfmafjhd 6.4 122

60 ynhancedMopticalMpathMandMelectronMdiffusionMlengthMenableMhighaefficiencyMperovskiteMtandemsbM
NatureoCommunicationsZM2020ZMeeZMefik 17.4 114
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59 vifunctionalMSurfaceMyngineeringMonMSnOfMReducesMynergyMLossMinMPerovskiteMSolarMwellsbMACSo
EnergyoLettersZM2020ZMiZMfkmjaflde 20.1 104

58 wombiningMyfficiencyMandMStabilityMinMMixedMTinaLeadMPerovskiteMSolarMwellsMbyMwappingM–rainsMwithM
anMUltrathinMfxMLayerbMAdvancedoMaterialsZM2020ZMgfZMeemdkdil 24 92

57 PhotoinducedMdegradationMofMmethylammoniumMleadMtriiodideMperovskiteMsemiconductorsbMJournalo
ofoMaterialsoChemistryoAZM2016ZMhZMeilmjaeimdg 13 92

56 SuppressedMαonMMigrationMinMReducedaximensionalMPerovskitesMαmprovesMOperatingMStabilitybMACSo
EnergyoLettersZM2019ZMhZMeifeaeifk 20.1 89

55 OneaStepMSynthesisMofMSnα´•UxMSOVMudductsMforM·ighaPerformanceMTinMPerovskiteMSolarMwellsbMJournalo
ofotheoAmericanoChemicaloSocietyZM2021ZMehgZMedmkdaedmkj 16.4 89

54 PushingMefficiencyMlimitsMforMsemitransparentMperovskiteMsolarMcellsbMJournaloofoMaterialsoChemistryoA
ZM2015ZMgZMfhdkeafhdle 13 85

53 yfficientMandMStableMαnvertedMPerovskiteMSolarMwellsMαncorporatingMSecondaryMuminesbMAdvancedo
MaterialsZM2019ZMgeZMeemdgiim 24 85

52 woloringMSemitransparentMPerovskiteMSolarMwellsMviaMxielectricMMirrorsbMACSoNanoZM2016ZMedZMiedhaef 16.7 79

51 yfficientMbifacialMmonolithicMperovskitecsiliconMtandemMsolarMcellsMviaMbandgapMengineeringbMNatureo
EnergyZM2021ZMjZMejkaeki 62.3 76

50 xoubleaSideaPassivatedMPerovskiteMSolarMwellsMwithMUltraalowMPotentialMLossbMSolaroRrlZM2019ZMgZMelddfmj 7.1 74

49 αnvertedZMynvironmentallyMStableMPerovskiteMSolarMwellMwithMaMNovelMLowawostMandMWaterazreeM
PyxOTM·oleayxtractionMLayerbMAdvancedoEnergyoMaterialsZM2015ZMiZMeiddihg 21.8 72

48 whlorideMαnsertionaαmmobilizationMynablesMvrightZMNarrowbandZMandMStableMvlueaymittingMPerovskiteM
xiodesbMJournaloofotheoAmericanoChemicaloSocietyZM2020ZMehfZMiefjaiegh 16.4 61

47 ullaαnorganicMQuantumaxotMLyxsMvasedMonMaMPhaseaStabilizedM˛–awsPbαMPerovskitebMAngewandteo
Chemieo-oInternationaloEditionZM2021ZMjdZMejejhaejekd 16.4 59

46 yxploringMtheMLimitingMOpenawircuitMVoltageMandMtheMVoltageMLossMMechanismMinMPlanarM
w·gN·gPbvrgMPerovskiteMSolarMwellsbMAdvancedoEnergyoMaterialsZM2016ZMjZMejddegf 21.8 59

45 OrganicMandMperovskiteMsolarMmodulesMinnovatedMbyMadhesiveMtopMelectrodeMandMdeptharesolvedM
laserMpatterningbMEnergyoandoEnvironmentaloScienceZM2016ZMmZMfgdfafgeg 35.4 57

44 yffectiveMLigandMyngineeringMofMtheMwufZnSnShMNanocrystalMSurfaceMforMαncreasingM·oleMTransportM
yfficiencyMinMPerovskiteMSolarMwellsbMAdvancedoFunctionaloMaterialsZM2016ZMfjZMlgddalgdj 15.6 56

43 yxploringMtheMStabilityMofMNovelMWideMvandgapMPerovskitesMbyMaMRobotMvasedM·ighMThroughputM
upproachbMAdvancedoEnergyoMaterialsZM2018ZMlZMekdeihg 21.8 55

42 MultiacationMperovskitesMpreventMcarrierMreflectionMfromMgrainMsurfacesbMNatureoMaterialsZM2020ZMemZMhefahel27 52
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41 uMSeriesMofMPyreneaSubstitutedMSiliconMPhthalocyaninesMasMNearaαRMSensitizersMinMOrganicMTernaryM
SolarMwellsbMAdvancedoEnergyoMaterialsZM2016ZMjZMeidfgii 21.8 52

40 uMgenericMconceptMtoMovercomeMbandgapMlimitationsMforMdesigningMhighlyMefficientMmultiajunctionM
photovoltaicMcellsbMNatureoCommunicationsZM2015ZMjZMkkgd 17.4 50

39
TheMαnterplayMofMwontactMLayersnM·owMtheMylectronMTransportMLayerMαnfluencesMαnterfacialM
RecombinationMandM·oleMyxtractionMinMPerovskiteMSolarMwellsbMJournaloofoPhysicaloChemistryoLettersZM
2018ZMmZMjfhmajfij

6.4 45

38 SuppressionMofM·ysteresisMyffectsMinMOrganohalideMPerovskiteMSolarMwellsbMAdvancedoMaterialso
InterfacesZM2017ZMhZMekddddk 4.6 44

37 yxtendingMtheMenvironmentalMlifetimeMofMunpackagedMperovskiteMsolarMcellsMthroughMinterfacialM
designbMJournaloofoMaterialsoChemistryoAZM2016ZMhZMeejdhaeejed 13 43

36 SwitchingMOffM·ysteresisMinMPerovskiteMSolarMwellsMbyMzineaTuningMynergyMLevelsMofMyxtractionM
LayersbMAdvancedoEnergyoMaterialsZM2018ZMlZMekdggkj 21.8 36

35 QuantumasizeatunedMheterostructuresMenableMefficientMandMstableMinvertedMperovskiteMsolarMcellsbM
NatureoPhotonicsZ 33.9 35

34 yngineeringMofMtheMylectronMTransportMLayercPerovskiteMαnterfaceMinMSolarMwellsMxesignedMonMTiOfM
RutileMNanorodsbMAdvancedoFunctionaloMaterialsZM2020ZMgdZMemdmkgl 15.6 30

33 SolutionaprocessedMperovskiteacolloidalMquantumMdotMtandemMsolarMcellsMforMphotonMcollectionM
beyondMedddMnmbMJournaloofoMaterialsoChemistryoAZM2019ZMkZMfjdfdafjdfl 13 30

32 StrainaactivatedMlightainducedMhalideMsegregationMinMmixedahalideMperovskiteMsolidsbMNatureo
CommunicationsZM2020ZMeeZMjgfl 17.4 29

31 ullaPerovskiteMTandemMSolarMwellsnMuMRoadmapMtoMUnitingM·ighMyfficiencyMwithM·ighMStabilitybM
AccountsoofoMaterialsoResearchZM2020ZMeZMjgakj 7.5 28

30
yvidenceMofMTailoringMtheMαnterfacialMwhemicalMwompositionMinMNormalMStructureM·ybridM
OrganohalideMPerovskitesMbyMaMSelfaussembledMMonolayerbMACSoAppliedoMaterialsovamp;oInterfacesZM
2018ZMedZMiieeaiiel

9.5 27

29 OvercomingMylectrodeaαnducedMLossesMinMOrganicMSolarMwellsMbyMTailoringMaMQuasiaOhmicMwontactMtoM
zullerenesMviaMSolutionaProcessedMulkaliM·ydroxideMLayersbMAdvancedoEnergyoMaterialsZM2016ZMjZMeidfemi 21.8 26

28 xiscoveryMofMtemperatureainducedMstabilityMreversalMinMperovskitesMusingMhighathroughputMroboticM
learningbMNatureoCommunicationsZM2021ZMefZMfeme 17.4 26

27 LigandabridgedMchargeMextractionMandMenhancedMquantumMefficiencyMenableMefficientMnâ��iâ��pM
perovskitecsiliconMtandemMsolarMcellsbMEnergyoandoEnvironmentaloScienceZ 35.4 26

26 xecipheringMtheMRoleMofMαmpuritiesMinMMethylammoniumMαodideMandMTheirMαmpactMonMtheM
PerformanceMofMPerovskiteMSolarMwellsbMAdvancedoMaterialsoInterfacesZM2016ZMgZMejddimg 4.6 25

25 ResolvingMaMwriticalMαnstabilityMinMPerovskiteMSolarMwellsMbyMxesigningMaMScalableMandMPrintableMwarbonM
vasedMylectrodeaαnterfaceMurchitecturebMAdvancedoEnergyoMaterialsZM2018ZMlZMeldfdli 21.8 25

24 PassivationMofMtheMvuriedMαnterfaceMviaMPreferentialMwrystallizationMofMfxMPerovskiteMonMMetalMOxideM
TransportMLayersbMAdvancedoMaterialsZM2021ZMggZMefedggmh 24 25
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23 VisualizingMandMSuppressingMNonradiativeMLossesMinM·ighMOpenawircuitMVoltageMnaiapaTypeMwsPbαgM
PerovskiteMSolarMwellsbMACSoEnergyoLettersZM2020ZMiZMfkeafkm 20.1 24

22 ximensionalMMixingMαncreasesMtheMyfficiencyMofMfxcgxMPerovskiteMSolarMwellsbMJournaloofoPhysicalo
ChemistryoLettersZM2020ZMeeZMieeiaieem 6.4 22

21 vrightMandMStableMLightaymittingMxiodesMvasedMonMPerovskiteMQuantumMxotsMinMPerovskiteMMatrixbM
JournaloofotheoAmericanoChemicaloSocietyZM2021ZMehgZMeijdjaeijei 16.4 22

20 LowaTemperatureMSolutionaProcessedMKesteriteMSolarMwellMvasedMonMinMSituMxepositionMofMUltrathinM
ubsorberMLayerbMACSoAppliedoMaterialsovamp;oInterfacesZM2015ZMkZMfeeddaj 9.5 21

19 SynthesisZMupplicationsZMandMProspectsMofMQuantumaxotainaPerovskiteMSolidsbMAdvancedoEnergyo
MaterialsZfeddkkh 21.8 19

18 MonolithicMperovskitecorganicMtandemMsolarMcellsMwithMfgbjRMefficiencyMenabledMbyMreducedMvoltageM
lossesMandMoptimizedMinterconnectingMlayerbMNatureoEnergyZ 62.3 18

17 ScalableMprocessingMforMrealizingMfebkRaefficientMallaperovskiteMtandemMsolarMmodulesbbMScienceZM
2022ZMgkjZMkjfakjk 33.3 18

16 αonicMdipolarMswitchingMhindersMchargeMcollectionMinMperovskiteMsolarMcellsMwithMnormalMandMinvertedM
hysteresisbMSolaroEnergyoMaterialsoandoSolaroCellsZM2019ZMemiZMfmeafml 6.4 17

15 unMantibondingMvalenceMbandMmaximumMenablesMdefectatolerantMandMstableM–eSeMphotovoltaicsbM
NatureoCommunicationsZM2021ZMefZMjkd 17.4 16

14 SubabandgapMphotonMharvestingMforMorganicMsolarMcellsMviaMintegratingMupaconversionM
nanophosphorsbMOrganicoElectronicsZM2015ZMemZMeegaeem 3.5 12

13 QuantumMxotMSelfaussemblyMynablesMLowaThresholdMLasingbMAdvancedoScienceZM2021ZMlZMefedeefi 13.6 12

12 SingleMmolecularMprecursorMinkMforMugviSfMthinMfilmsnMsynthesisMandMcharacterizationbMJournaloofo
MaterialsoChemistryoCZM2018ZMjZMkjhfakjie 7.1 11

11 ussemblingMMesoscaleaStructuredMOrganicMαnterfacesMinMPerovskiteMPhotovoltaicsbMAdvancedo
MaterialsZM2019ZMgeZMeeldjiej 24 11

10 αnasituMXarayMdiffractionManalysisMofMtheMrecrystallizationMprocessMinMwufZnSnShMnanoparticlesM
synthesisedMbyMhotainjectionbMThinoSolidoFilmsZM2015ZMilfZMfjmafke 2.2 10

9 StableZMvromineazreeZMTetragonalMPerovskitesMwithMebkMeVMvandgapsMviaMuaSiteMwationMSubstitutionM
2020ZMfZMljmalkf 9

8 TowardMStableMMonolithicMPerovskitecSiliconMTandemMPhotovoltaicsnMuMSixaMonthMOutdoorM
PerformanceMStudyMinMaM·otMandM·umidMwlimatebMACSoEnergyoLettersZM2021ZMjZMfmhhafmie 20.1 9

7 ·eterogeneousMSupersaturationMinMMixedMPerovskitesbMAdvancedoScienceZM2020ZMkZMemdgejj 13.6 8

6 MonolithicMPerovskiteasiliconMTandemMSolarMcellsnMfromMtheMLabMtoMzabsbMAdvancedoMaterialsZM2022ZMefedjihd24 6
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5 ylucidatingMtheMyxcitedaStateMPropertiesMofMwuαnSfMNanocrystalsMuponMPhaseMTransformationnM
QuasiaQuantumMxotsMVersusMvulkMvehaviorbMAdvancedoElectronicoMaterialsZM2015ZMeZMeidddhd 6.4 3

4 vandMyngineeringMviaM–radientMMolecularMxopantsMforMwszuMPerovskiteMSolarMwellsbMAdvancedo
FunctionaloMaterialsZM2021ZMgeZMfdedikf 15.6 3

3 PerovskiteMSolarMwellsnMyfficientMandMStableMαnvertedMPerovskiteMSolarMwellsMαncorporatingMSecondaryM
uminesMUudvbMMaterbMhjcfdemVbMAdvancedoMaterialsZM2019ZMgeZMemkdggd 24 1

2 ullaαnorganicMQuantumaxotMLyxsMvasedMonMaMPhaseaStabilizedM˛–awsPbαgMPerovskitebMAngewandteo
ChemieZM2021ZMeggZMejgddaejgdj 3.6 1

1 xopantaussistedMMatrixMStabilizationMynablesMThermoelectricMPerformanceMynhancementMinMnaTypeM
QuantumMxotMzilmsbMACSoAppliedoMaterialsovamp;oInterfacesZM2021ZMegZMelmmmaemddk 9.5 0
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