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        EElleeccttrriiccaall EEnneerrggyy PPrroodduuccttiioonn CCoosstt  

Current'energy'sources'are'2/8'¢/kW/hr'  
Except'renewables:'25/50'¢/kW/hr'  
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Anode' 

3KRWR�FRXUWHV\�RI�OHXPXQG�RQ�)OLFNU� ETL'(Electron'transport'layer)'  
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Courtesy of Universal Display Corporation.
Used with permission.

http://www.flickr.com/photos/88132889@N00/2400042803/


  CCoonndduuccttiioonn  

ConducGon'in'nanostructured'materials'(with'Voltage'applied)' 

ConducGon'in'nanostructured'materials' 

electron' 
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      BBiiaasseedd SSeemmiiccoonndduuccttoorr:: PPhhoottooddeetteeccttoorr  

1.'Photon'can'excite'an'electron'from'' 
Valence'Band'(ground'state)'to'ConducGon'Band'(excited'state)' 

2.'The'externally'applied'bias'(that'generates'the'electric'field'in'the'semiconductor)'will'separate' 
the'photo/generated'electron'and'hole' 

3.'The'electron'and'a'hole'will'reach'the'metal'contacts,'be'collected'by'the'bias'ba[ery,'and'be' 
measures'as'a'photocurrent.' 

4.'If'more'photons'are'absorbed'by'the'semiconductor,'more'current'we'will'measured' 
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        SSeemmiiccoonndduuccttoorr JJuunnccttiioonn:: SSoollaarr CCeellll  

MATERIAL$A$ MATERIAL$B$  

CONDUCTION$ 
BAND$ 

electron' 

hole' 

VALENCE$ 
BAND$ 

METAL$ 
CONTACT$ 

METAL$ 
CONTACT$ 

IT$IS$ENERGETICALLY$ 
FAVORABLE$FOR$ELECTRONS$ 
TO$GO$TO$THE$MATERIAL$ON$ 

THE$RIGHT$ 

IT$IS$ENERGETICALLY$ 
FAVORABLE$FOR$HOLES$TO$ 

STAY$IN$THE$MATERIAL$ON$THE$ 
LEFT$ 

A' 

V' 

Resistor' 

1.'Photon'can'excite'an'electron'from'' 
Valence'Band'(ground'state)'to'ConducGon'Band'(excited'state)' 

2.'At'the'heterojuncGon'the'electron'and'hole'can'separate,'resulGng'in'buld/up'of'electrons'on'the'right' 
and'build/up'of'holes'on'the'le_'!'WE'GENERATED'PHOTOVOLTAGE'' 

3.'If'solar'cell'is'connected'to'a'resistor,'the'photo/voltage'will'drive'current'through'the'resistor' 
' 
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PHOTODETECTORS$  
'  

Apply'bias'(spend'energy)'to'measure'photocurrent'  
generated'by'light'shining'on'the'photodetector' 

' 
' 
' 

SOLAR$CELLS$  
'  

Shine'light'on'the'solar'cell'and'  
generate'voltage'and'current'(power,'energy)''  
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First Organic Solar Cell  
Power conversion efficiency ~ 1% 

Image removed due to copyright restrictions. Please see 
Tang, C. W. “Two-layer organic photovoltaic cell.” 
Applied Physics Letters 48 (January 26, 1986): 183-185. 

I-V in DARK 

VOC 

CuPcCuPc 
PHOTOGENERATED 

CURENT 

ISC I-V in LIGHT PerPeryylenlenee tetractetracarboxarboxyyliclic 
derivderivaatitivvee (PV)(PV) 

Need interface to 
maximize exciton 

Courtesy of 
V. Bulovic 

CuPc 

PV 
VOC = open-circuit voltage

dissociation 
ISC = short-circuit current 

from Tang, Applied Physics Letters, 48 183 (1985) 
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Organic Solar Cell  
Room temperature deposition – organics are compatible with plastic substrates 

- Disorder causes strong localization.  
- Carrier pairs strongly bound – not easily broken by field.  
- Must use interface between two materials to dissociate carrier pairs  

Energy 2 
electrons 3  

electrons 

4 
holes 

1 

++ 3 

- 4-

holes 

1. Photon absorbed 

2. Excited state diffuses 

3. Charge formed at interface 

4. Charge diffuses out 

Courtesy of 
V. Bulovic Courtesy of Vladimir Bulovic. Used with permission. 

Performance peaks at 5% power conversion efficiency (cf. Si ~ 25%)  
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Efficiency of Organic Solar Cell  
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Efficiency Limit  
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Multiple Junction Cell  
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  HHeetteerroojjuunnccttiioonn Solar Cells  

A_er'absorpGon'of'light'by'the'photoacGve'material,'charge'transfer'can'easily'occur' 
due'to'the'nanoscopic'mixing'of'the'donor'and'acceptor.'Subsequently,'the' 
photogenerated'charges'are'transported'and'collected'at'the'electrodes.' 
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     DDyyee--SSeennssiittiizzeedd SSoollaarr CCeellllss  

The'dye/sensiGzed'solar'cell.'A_er'absorpGon'of'light'by'the'ruthenium'dye,'an' 
electron'is'transferred'to'TiO2.'The'dye'is'then'reduced'by'a'redox'electrolyte,'I//I3/,' 
which'in'turn,'is'reduced'at'the'metal'counter'electrode.'As'a'result,'a'posiGve'charge' 
is'transported'from'the'dye'to'the'metal'electrode'via'the'electrolyte.'The'electron'in' 
TiO2'is'transported'to'the'SnO2:F'electrode.' 
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WWee aarree MMaakkiinngg GGrräättzzeell CCeellll oonn WWeedd  

Dye'+'Light'!'Dye*' ' '' 
Dye*'+'TiO2'!'e/'(TiO2)'+'oxidized'Dye' 
Oxidized'Dye'+'3/2I/'!'Dye'+'1/2I3

/ 

'' 
1/2I3

/'+'e/'(counterelectrode)'!'3/2I
/ 

'' 
1/2I3

/'+'e/'(TiO2)'!'3/2I/ 
' '' 

Dye 

TiO2 

Electro 
-lyte 

Need$interface$to$maximize$exciton$dissocia1on$  

É source unknown. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/fairuse.
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CCoonncclluussiioonnss  
electrons 

holes 
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holes 

1. Photon absorbed 

2. Excited state diffuses electrons 

3. Charge formed at interface 

4. Charge diffuses out 

C  f 

HHeetteerroojjuunnccttiioonn Solar Cells''' DDyee--SSeennssiittiizzeedd SSoollaarr CCeellllss 

Energy 2 
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