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69 ₃ighctemperatureMworkableMflexibleMpiezoelectricMenergyMharvesterMcomprisingMthermallyMstableM
VKbNaWNbOicbasedMceramicMandMpolyimideMcompositesdMCompositesmPartmB:mEngineeringbM2022bMhijbMgfolmg10 0

68  erroelectricMPolymerMNanofibersMReminiscentMofMMorphotropicMPhaseMxoundaryMxehaviorMforM
−mprovedMPiezoelectricM–nergyM₃arvestingddMSmallbM2022bMehgfjjmh 11 1

67 –nhancedMpolingMefficiencyMviaMaMmaximizedMorganiccinorganicMinterfacialMeffectMforMwaterM
dropletcdrivenMenergyMharvestingdMNanomEnergybM2022bMonbMgfmhin 17.1 0

66  erroelectricMPolymerMNanofibersMReminiscentMofMMorphotropicMPhaseMxoundaryMxehaviorMforM
−mprovedMPiezoelectricM–nergyM₃arvestingMVSmallMgkehfhhWdMSmallbM2022bMgnbMhhmffmh 11

65 UltracmagneticMfieldMsensitiveMmagnetoelectricMcompositeMwithMsubcpTMdetectionMlimitMatMlowM
frequencyMenabledMbyMflashMphotonMannealingdMNanomEnergybM2021bMofbMgflkon 17.1 2

64
KineticMmotionMsensorsMbasedMonMflexibleMandMleadcfreeMhybridMpiezoelectricMcompositeMenergyM
harvestersMwithMnanowirescembeddedMelectrodesMforMdetectingMarticularMmovementsdMCompositesm
PartmB:mEngineeringbM2021bMhghbMgfnmfk

10 17

63
–nhancedM–nergyMyonversionMPerformanceMofMaMMagnetoâ��Mechanoâ��–lectricMGeneratorMUsingMaM
LaminateMyompositeMMadeMofMPiezoelectricMPolymerMandMMetallicMGlassdMAdvancedmElectronicm
MaterialsbM2021bMmbMhfffolo

6.4 7

62 SynergisticallyM−mprovedMThermoelectricM–nergyM₃arvestingMofM–dgecOxidizedcGraphenecxridgedM
NcTypeMxismuthMTellurideMThickM ilmsdMACSmAppliedmMaterialsmtamp;mInterfacesbM2021bMgibMkghkckgih 9.5 5

61
SynergeticMenhancementMofMtheMenergyMharvestingMperformanceMinMflexibleMhybridMgeneratorMdrivenM
byMhumanMbodyMusingMthermoelectricMandMpiezoelectricMcombineMeffectsdMAppliedmSurfacemSciencebM
2021bMkknbMgjomnj

6.7 5

60 RoleMofMoxygenMvacancyMdefectsMinMpiezoelectricMthermalMstabilityMcharacteristicsMofMMncdopedM
VKbNabLiWNbOiMpiezoceramicsdMCeramicsmInternationalbM2021bMjmbMhmnfichmngk 5.1 5

59 SynthesisMandMcharacterizationMofMcarbonccoatedMyucNiMalloyMnanoparticlesMandMtheirMapplicationMinM
conductiveMfilmsdMAppliedmSurfacemSciencebM2021bMkllbMgkflmh 6.7 4

58  lexoelectriccboostedMpiezoelectricityMofMxaTiOivSrTiOiMcorecshellMnanostructureMdeterminedMbyM
multiscaleMsimulationsMforMflexibleMenergyMharvestersdMNanomEnergybM2021bMnobMgfljlo 17.1 4

57 –nhancedMoutputMpowerMofMthermoelectricMmodulesMwithMreducedMcontactMresistanceMbyMadoptingM
theMoptimizedMNiMdiffusionMbarrierMlayerdMJournalmofmAlloysmandmCompoundsbM2021bMnnjbMglgggo 5.7 1

56 –nhancedMthermoelectricMcompositeMperformanceMfromMmesoporousMcarbonMadditivesMinMaM
commercialMxifdkSbgdkTeiMmatrixdMJournalmofmMaterialsmSciencemandmTechnologybM2021bMojbMgmkcgnh 9.1 7

55 PiezoelectricMxaTiOiMmicroclustersMandMembossedMZnSnOiMmicrospherescbasedMmonolayerMforM
highlycefficientMandMflexibleMcompositeMgeneratordMCompositesmPartmB:mEngineeringbM2020bMhfibMgfnjml 10 10

54 VKbNaWNbOicLiNbOiMnanocubecbasedMflexibleMandMleadcfreeMpiezoelectricMnanocompositeMenergyM
harvestersdMJournalmofmthemKoreanmCeramicmSocietybM2020bMkmbMjfgcjfn 2.2 12

53 PiezoelectricityMofMpicosecondMlasercsynthesizedMperovskiteMxaTiOiMnanoparticlesdMAppliedmSurfacem
SciencebM2020bMkggbMgjklgj 6.7 8
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52 SelectiveMPhaseMyontrolMofMzopantc reeMPotassiumMSodiumMNiobateMPerovskitesMinMSolutiondM
InorganicmChemistrybM2020bMkobMifjhcifkh 5.1 16

51 PiezoelectricMenergyMconversionMbyMleadcfreeMperovskiteMxaTiOiMnanotubeMarraysMfabricatedMusingM
electrochemicalManodizationdMAppliedmSurfacemSciencebM2020bMkghbMgjjmnj 6.7 14

50 LasercdirectedMsynthesisMofMstraincinducedMcrumpledMMoShMstructureMforMenhancedM
triboelectrificationMtowardMhapticMsensorsdMNanomEnergybM2020bMmnbMgfkhll 17.1 40

49 PiezoelectricM lexibleM–nergyM₃arvesterMxasedMonMxaTiOiMThinM ilmM–nabledMbyM–xfoliatingMtheMMicaM
SubstratedMEnergymTechnologybM2019bMmbMgonfiki 3.5 3

48 PiezoelectricM–nergyM₃arvestingMfromMTwoczimensionalMxoronMNitrideMNanoflakesdMACSmAppliedm
Materialsmtamp;mInterfacesbM2019bMggbMimohfcimohl 9.5 58

47 VerticallyMwlignedMPiezoelectricMPerovskiteMNanowireMwrrayMonM lexibleMyonductingMSubstrateMforM
–nergyM₃arvestingMwpplicationsdMAdvancedmMaterialsmTechnologiesbM2019bMjbMgoffhhn 6.8 10

46 wMyomparisonMStudyMofM atigueMxehaviorMofM₃ardMandMSoftMPiezoelectricMSingleMyrystalMMacroc iberM
yompositesMforMVibrationM–nergyM₃arvestingdMSensorsbM2019bMgobM 3.8 25

45 zualcStructuredM lexibleMPiezoelectricM ilmM–nergyM₃arvestersMforM–ffectivelyM−ntegratedM
PerformancedMSensorsbM2019bMgobM 3.8 17

44 PiezoelectricM lexibleM–nergyM₃arvesterMxasedMonMxaTiOiMThinM ilmM–nabledMbyM–xfoliatingMtheMMicaM
SubstratedMEnergymTechnologybM2019bMmbMgofflin 3.5 18

43
 lexibleM–lectronicspMVerticallyMwlignedMPiezoelectricMPerovskiteMNanowireMwrrayMonM lexibleM
yonductingMSubstrateMforM–nergyM₃arvestingMwpplicationsMVwdvdMMaterdMTechnoldMnehfgoWdMAdvancedm
MaterialsmTechnologiesbM2019bMjbMgomffjl

6.8

42 ModulationMofMsurfaceMphysicsMandMchemistryMinMtriboelectricMenergyMharvestingMtechnologiesdM
SciencemandmTechnologymofmAdvancedmMaterialsbM2019bMhfbMmkncmmi 7.1 65

41  lexibleM–nergyM₃arvesterMMadeMofMOrganicc−norganicM₃ybridMPiezoelectricMNanocompositedMKoreanm
JournalmofmMaterialsmResearchbM2019bMhobMimgcimm 0.2 3

40
wMyomparisonMStudyMofMOutputMPerformanceMofMOrganicc−norganicMPiezoelectricMNanocompositeM
MadeMofMPiezoelectriceNoncpiezoelectricMPolymersMandMxaTiOiMNanoparticlesdMJournalmofmKoreanm
PowdermMetallurgymInstitutebM2019bMhlbMggocghk

0.1 1

39 NanowirecpercolatedMpiezoelectricMcopolymercbasedMhighlyMtransparentMandMflexibleMselfcpoweredM
sensorsdMJournalmofmMaterialsmChemistrymAbM2019bMmbMhkjngchkjno 13 43

38 −nverseMsizecdependenceMofMpiezoelectricityMinMsingleMxaTiOiMnanoparticlesdMNanomEnergybM2019bMknbMmncnj17.1 17

37 SelfcpoweredMflexibleMelectronicsMbeyondMthermalMlimitsdMNanomEnergybM2019bMklbMkigckjl 17.1 51

36 Leadc reeMPerovskiteMNanowirec–mployedMPiezopolymerMforM₃ighlyM–fficientM lexibleM
NanocompositeM–nergyM₃arvesterdMSmallbM2018bMgjbMegmfjfhh 11 102

35 –nhancedMoutputMperformanceMofMaMleadcfreeMnanocompositeMgeneratorMusingMxaTiOiMnanoparticlesM
andMnanowiresMfillerdMAppliedmSurfacemSciencebM2018bMjhobMgljcgmf 6.7 31
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34 RecentMProgressMinM lexibleM–nergyM₃arvestingMzevicesMbasedMonMPiezoelectricMNanomaterialsdM
JournalmofmKoreanmPowdermMetallurgymInstitutebM2018bMhkbMhlichmh 0.1 4

33 yOhMyaptureMTMSeparationMinMMicroporousMMaterialspMwMyomparisonMxetweenMPorousMyarbonMandM
 lexibleMMO sdMKoreanmJournalmofmMaterialsmResearchbM2018bMhnbMjgmcjhh 0.2

32 LeadcfreeMxaTiOiMNanowireMwrrayscbasedMPiezoelectricM–nergyM₃arvesterdMMRSmAdvancesbM2017bMhbMijgkcijhf0.7 7

31  acileMhydrothermalMsynthesisMofMxaZrxTigâ��xOiMnanoparticlesMandMtheirMapplicationMtoMaMleadcfreeM
nanocompositeMgeneratordMRSCmAdvancesbM2017bMmbMhnkgchnkl 3.7 23

30 PiezoelectricMenergyMharvestingMfromMaMPMNâ��PTMsingleMnanowiredMRSCmAdvancesbM2017bMmbMhlfchlk 3.7 48

29 wllcinkjetcprintedMflexibleMpiezoelectricMgeneratorMmadeMofMsolventMevaporationMassistedMxaTiOiM
hybridMmaterialdMNanomEnergybM2017bMjgbMiimciji 17.1 45

28  lexibleMhighlyceffectiveMenergyMharvesterMviaMcrystallographicMandMcomputationalMcontrolMofM
nanointerfacialMmorphotropicMpiezoelectricMthinMfilmdMNanomResearchbM2017bMgfbMjimcjkk 10 74

27 SelfcPoweredMzevicespMSelfcPoweredMWirelessMSensorMNodeM–nabledMbyManMwerosolczepositedMPZTM
 lexibleM–nergyM₃arvesterMVwdvdM–nergyMMaterdMgiehfglWdMAdvancedmEnergymMaterialsbM2016bMlbM 21.8 3

26 RecentMprogressMinMflexibleMandMstretchableMpiezoelectricMdevicesMforMmechanicalMenergyMharvestingbM
sensingMandMactuationdMExtrememMechanicsmLettersbM2016bMobMhlochng 3.9 281

25 StretchableMpiezoelectricMnanocompositeMgeneratordMNanomConvergencebM2016bMibMgh 9.2 71

24 SelfcPoweredMWirelessMSensorMNodeM–nabledMbyManMwerosolczepositedMPZTM lexibleM–nergyM
₃arvesterdMAdvancedmEnergymMaterialsbM2016bMlbMglffhim 21.8 119

23 wMflexibleMenergyMharvesterMbasedMonMaMleadcfreeMandMpiezoelectricMxyTZMnanoparticlecpolymerM
compositedMNanoscalebM2016bMnbMgmlihcgmlin 7.7 78

22 wMReconfigurableMRectifiedM lexibleM–nergyM₃arvesterMviaMSolidcStateMSingleMyrystalMGrownM
PMNâ��PZTdMAdvancedmEnergymMaterialsbM2015bMkbMgkfffkg 21.8 95

21 ₃ighcTemperatureM ractureMStrengthMofMaMyVzcSiyMyoatingMLayerMforMTR−SOMNuclearM uelMParticlesM
byMaMMicrocTensileMTestdMJournalmofmthemKoreanmCeramicmSocietybM2015bMkhbMjjgcjjn 2.2 3

20 ₃ighlycefficientbMflexibleMpiezoelectricMPZTMthinMfilmMnanogeneratorMonMplasticMsubstratesdMAdvancedm
MaterialsbM2014bMhlbMhkgjchf 24 538

19 NanogeneratorspM₃ighlyc–fficientbM lexibleMPiezoelectricMPZTMThinM ilmMNanogeneratorMonMPlasticM
SubstratesMVwdvdMMaterdMglehfgjWdMAdvancedmMaterialsbM2014bMhlbMhjkfchjkf 24 9

18 ReliableMcontrolMofMfilamentMformationMinMresistiveMmemoriesMbyMselfcassembledMnanoinsulatorsM
derivedMfromMaMblockMcopolymerdMACSmNanobM2014bMnbMojohckfh 16.7 77

17 SelfcpoweredMfullycflexibleMlightcemittingMsystemMenabledMbyMflexibleMenergyMharvesterdMEnergymandm
EnvironmentalmSciencebM2014bMmbMjfikcjfji 35.4 144
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16  lexibleMcrossbarcstructuredMresistiveMmemoryMarraysMonMplasticMsubstratesMviaMinorganiccbasedMlaserM
liftcoffdMAdvancedmMaterialsbM2014bMhlbMmjnfcm 24 102

15 SelfcpoweredMcardiacMpacemakerMenabledMbyMflexibleMsingleMcrystallineMPMNcPTMpiezoelectricMenergyM
harvesterdMAdvancedmMaterialsbM2014bMhlbMjnnfcm 24 445

14 LeadcfreeMxaTiOiMnanowirescbasedMflexibleMnanocompositeMgeneratordMNanoscalebM2014bMlbMnolhcn 7.7 88

13 NanogeneratorspMSelfcPoweredMyardiacMPacemakerM–nabledMbyM lexibleMSingleMyrystallineMPMNcPTM
PiezoelectricM–nergyM₃arvesterMVwdvdMMaterdMhnehfgjWdMAdvancedmMaterialsbM2014bMhlbMjmkjcjmkj 24 1

12 LargecwreaMandM lexibleMLeadc reeMNanocompositeMGeneratorMUsingMwlkalineMNiobateMParticlesMandM
MetalMNanorodM illerdMAdvancedmFunctionalmMaterialsbM2014bMhjbMhlhfchlho 15.6 176

11  lexibleM–lectronicspM lexibleMyrossbarcStructuredMResistiveMMemoryMwrraysMonMPlasticMSubstratesMviaM
−norganiccxasedMLaserMLiftcOffMVwdvdMMaterdMjjehfgjWdMAdvancedmMaterialsbM2014bMhlbMmjgncmjgn 24 1

10  lexibleMandMLargecwreaMNanocompositeMGeneratorsMxasedMonMLeadMZirconateMTitanateMParticlesMandM
yarbonMNanotubesdMAdvancedmEnergymMaterialsbM2013bMibMgkiocgkjj 21.8 184

9 ViruscdirectedMdesignMofMaMflexibleMxaTiOiMnanogeneratordMACSmNanobM2013bMmbMggfglchk 16.7 187

8
NanocompositespM lexibleMandMLargecwreaMNanocompositeMGeneratorsMxasedMonMLeadMZirconateM
TitanateMParticlesMandMyarbonMNanotubesMVwdvdM–nergyMMaterdMghehfgiWdMAdvancedmEnergymMaterialsbM
2013bMibMgkifcgkif

21.8 5

7 xendableMinorganicMthincfilmMbatteryMforMfullyMflexibleMelectronicMsystemsdMNanomLettersbM2012bMghbMjngfcl 11.5 431

6 WatercresistantMflexibleMGaNML–zMonMaMliquidMcrystalMpolymerMsubstrateMforMimplantableMbiomedicalM
applicationsdMNanomEnergybM2012bMgbMgjkcgkg 17.1 107

5  lexibleMnanocompositeMgeneratorMmadeMofMxaTiOâ��MnanoparticlesMandMgraphiticMcarbonsdMAdvancedm
MaterialsbM2012bMhjbMhooociffjbMhoim 24 511

4 xendableMandMTransparentMxariumMTitanateMyapacitorsMonMPlasticMSubstratesMforM₃ighMPerformanceM
 lexibleM erroelectricMzevicesdMElectrochemicalmandmSolid-StatemLettersbM2010bMgibMGkm 18

3 PiezoelectricMxaTiOâ��MthinMfilmMnanogeneratorMonMplasticMsubstratesdMNanomLettersbM2010bMgfbMjoiocji 11.5 597

2 ₃−G₃MT–MP–RwTUR–MM–y₃wN−ywLMPROP–RT−–SMO MyVzcSiyMT₃−NM −LMSdMModernmPhysicsmLettersmBbM
2009bMhibMinmmcinnl 1.6 9

1 –xceedingMkf´ mWMRMScOutputMMagnetocMechanoc–lectricMGeneratorMbyM₃ybridizingMPiezoelectricM
andM–lectromagneticM−nductionM–ffectsdMAdvancedmFunctionalmMaterialsbhgghfhn 15.6 2
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