Mahmoud Abdelfatah (Autor)
Fabrication and Characterization of Low Cost Solar
Cells based on Earth Abundant Materials for
Sustainable Photovoltaics

Mahmoud Abdelfatah

Fabrication and Characterization

of Low Cost Solar Cells based on
Earth Abundant Materials for
Sustainable Photovoltaics

https://cuvillier.de/de/shop/publications/7289

Copyright:

Cuvillier Verlag, Inhaberin Annette Jentzsch-Cuvillier, Nonnenstieg 8, 37075 Goéttingen,
Germany

Telefon: +49 (0)551 54724-0, E-Mail: info@cuvillier.de, Website: https://cuvillier.de



Table of Contents

1. Introduction and MOTIVATION ..........ooiiiiiieiee e 1
2. Theoretical BaCKgroUNd...........cooiiiiiiiieee e 7
2.1. Basic conCepts Of SOIAr CEIIS......uiiuiiieiici e e 7
2.1.1. Semiconductor-metal/semiconductor JUNCLIONS ..........ccceveerierirnenienie e 7
2.1.2. Physical processes in the solar cell JuNCtioN.........ccocoveieiiieiii 10
2.1.3. The equivalent circuit for the solar cell ... 12
2.1.4. Basic parameters of a solar Cell ..........cccooveiiiieiiiie e 14
2.1.5. ParaSitiC rESISTANCES .......eiviiiiriieiisieeie ettt bbbt 16

2.2. Cu20 as an earth abundant material for photovoltaiCs ...........cccoocvviviiiiiiiiiiicce 17
2.2.1. Crystal structure and lattice parameters of Cu2O .........ccocoeeiiiiniiiieiiereee e 17
2.2.2. Phonons and band structure of CU20.........cccooiiiiiiiiiiicee s 18
2.2.3. Other properties 0F CU20 ........ccoiiiiiiiiieeie s 20
2.2.4. Fabrication approaches for Cu20 nanostructures and thin films...............c........... 22
2.2.5. Applications 0f CU20 ......ccceciiiiiiicc e 26
2.2.6. Previous work on electrodeposited Cu20 thin films for PV........ccccoveiiiieiens 27

2.3. Aluminum-doped zinc oxide (AZO) as a window layer material ..............cccccervennne. 31

3. Experimental TECNNIQUES .......cooiiiiiiiciee s 33
3.1. Electrochemical Deposition (ED)........ccccouiiiiiiiiiiiiieieeesie s 33
3.1.1. Basics Of EIeCtrodepOSITION ........cccoiuiiiiiiiiiiiieieee e 33
3.1.2. Modes of EIeCtrodepOSITION........ccccveiiieieiieie s 38

3.2. Direct Current (DC) Magnetron SPULEEIING.......cveieeruerieiieieiie e 39
3.3. Characterization TEChNIQUES .......ccueiieiieie e 40
3.3.1. Scanning Electron MicroSCopy (SEM).......ccciiiiiiiiiiiiiiie e 40
3.3.2. RAMAN SPECIIOSCOPY ...vevverrienriiireiieie sttt ettt sttt n e nn e 41
3.3.3. Electron Beam Induced Current (EBIC) ........cooeiiiiiiiiiiieeee 43
3.3.4. Current-Voltage (I-V) MeasUremMeNt ..........ccccvuerueiiieiiereiieseeeseese e see e snee s 44
3.3.5. Capacitance —Voltage(C-V) Measurement..........c.cccvvverveieeieereseesesieseesie e 44
3.3.6. External Quantum Efficiency (EQE) Measurements .........cccccevveerverieenenensinsnennns 46

4. Fabrication and characterization of p-Cu20/AZO heterojunctions.............c.ccccevenee. 47
A1 SUDSEIALES ...ttt bbbt ettt ettt s 47
4.2. Electrodeposition of Cu20 thin filmS ... 47
4.2.1. Potentiostatic and galvanostatic modes of electrodeposition ..............cccccevvennne. 49
4.2.2. The junction between Au and CuzO ........ccooiiiiiiiiieiiee s 51

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.

Es gilt nur flr den persénlichen Gebrauch.



I Contents
4.3. Sputtering of Al doped ZNO (AZQO) IQYEN ......cc.eoveieiieieee e 52
4.4. Optical lithography and wet chemical etChing ..., 52
4.5. Effect of electrodeposition modes on the solar cells properties.........ccccoocevveieiveiene. 54

4.5.1. Raman and SEM reSUILS .......cc.oiiiiiiieiie s 54
A.5.2. 1=V TESUILS ..ottt et e teene e te e aeenaesneeneenneees 56
4.5.3. EQE @Nd C-T FESUILS.....eoitieiiiieciiee et 59
4.6. Effect of the deposition time on the film thickness and the solar cells properties........ 62
4.6.1. SEM and RaMaN FESUILS .......oviiiiiirieiiesiesie e 63
A.6.2. 1=V TESUILS ..ottt ettt ettt b e es 65
4.6.3. REFIECHUVILY FESUILS.....eiiiieieie e 69
4.6.4. EQE aNd C-V FESUILS ....ovveiieiiiieeie ettt sna e 70

5. Hlumination time and temperature dependences of the devices ..........cccccevvvivveivenenne. 73
5.1. Illumination time dependence Of the deVICES ..........cceveieieiiiii e 73
5.2. Temperature dependence Of the JeVICES.........cccviieiieieiieee e 75

5.2.1. 1=V TESUILS ..ttt nb et r et ne e b e 75
5.2.2. C-V TBSUIS ...ttt re et re e s 81

6. Flexible p-Cu20/ZnO/AZO heterojunction deViCe..........ccccvveveiiieiieie e 83
6.1, FIEXiDIE SOIAr CEIIS ..o e 83
6.2. DEVICE TADIICALION. .. .c.viiiitiiiesiieee et 84
6.3. ALD process to insert ZnO thin film as buffer layer............ccoooveiniiniiinee 84
6.4. DeVvice CharaCteriZation ..........ccocoieeiiiieiieie ettt 87

1811110 F= 1 PRSPPI 95

8. LISt OF RETEIEINCES.....cviiiiiiiiiiecee bbbttt 101

9. Publications and conference CoNtribUtioN ...........ccooviiiiiiiiiic s 117
ACKNOWIBAGEMENT ...ttt e e e e ebe e e nne s 118
BIOGIAPNY ...t bttt be e rs 120

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur flr den persénlichen Gebrauch.



