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Photovoltaics and Photodetectors - part |

ePhotogeneration
e0Organic Heterojunction Photovoltaic Cell

0Organic Multilayer Photodetector

Recitation Handout: Yu et al., Science 270, 1789 (1995),
Shaheen et al. , Appl. Phys. Lett. 78, 841 (2001).

Anouncement: Lab #1 write-up is due in class on Tuesday, March 11

March 6, 2003 - Organic Optoelectronics - Lecture 9



Single Layer Organic PV Cells
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Photocurrent Dependence on Electric Field
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Different photocurrent response for positive and negative applied bias
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Electric Field inside the Organic Film
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(a) PTCDA is assumed to be a
= 4 } depleted hole-transporting
"NEAR" "EAR" organic semiconductor
PTCDA carrier density is
n=5x1014 cm-:3
(b) =

—> band bending of 0.1 V at
each interface would be
sufficient to completely

deplete 500 nm thick
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DIFFUSION EQUATION
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Photocurrent Dependence on Electric Field
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Different photocurrent response for positive and negative applied bias
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For the 1um PTCDA device red
light (2.1) eV has the lowest
absorption constant hence 2.1
eV excitons can be generated
next to the far, In interface
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Exciton Diffusion Length (for E=1.99 - 2.10 eV exciton)
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Thin FiIlm Excitation Fluorescence
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* Fluorescence energy
and shape is not
affected by the change
In excitation energy
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Exciton Diffusion Lengths

Photocurrent / Photovoltage
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Exciton Diffusion Lengths
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E-Field Dependent Photocurrent Response

n [%]

0.8

0.6
0.4
0.2

0.0

7 I I

- ¥
: x
' 2
1 oy EERES-o-o 1
& " !
|l = ; |
Excitation
7 Wavelength I
2.10 eV
T T T UL BRI BRI L
-1 -0.1 -0.01 0.01 0.1 1

Voltage [V]

[ oc dyigr Me
— Jdiff exp('t/Trec)
= Jaifr eXp(-LAVUT, )

one parameter fit !

15



E-Field Dependent Photocurrent Response
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Organic Heterojunction PVs
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Organic Heterojunction

PVs
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Tang, Appl Phys Lett. 48, 183 (1986).
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Forrest, et al., J. Appl. Phys. 66, 5908 (1989).
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