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With the increasing demand for clean and renewable energy, organic photovoltaics (OPVs)

provide a sustainable alternative to silicon based solar cells. While OPVs have the potential of being

thinner and more affordable than their precursors, improving conversion efficiency of these devices

has been challenging. One method that has been proposed for increasing device performance is the

use of plasmonic waveguides as an electrical back contact to OPVs. Photons not absorbed by the

active layer can excite charge density oscillations known as surface plasmon polaritons (SPPs) and

provide an additional mechanism for energy conversion.

However, overcoming propagation losses that occur at the metal-dielectric interface is a crucial

step before significant improvements in OPV performance can be realized. Recently we have

demonstrated a waveguide structure with a core dielectric layer of high refractive index capable of

supporting guided wave plasmon polaritons modes (GW-PPMs). Unlike traditional SPPs, GW-PPMs

have electric fields concentrated in the bulk dielectric leading to the potential for increased

propagation lengths. Here we present our preliminary steps to GW-PPM waveguide and OPV

integration with the goal of enhanced conversion efficiency.

A

1. Sonicate and plasma etch ITO substrates

2. Spin cast polymer (MDMO-PPV) solutions

3. Remove active layer from edges of device

4. Deposit waveguide electrical back-contact

5. Anneal at 80°C for 20 minutes
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Attenuated Total Reflectance 

▪ As light strikes the back of the prism at an angle larger than 

the critical angle, it undergoes total internal reflectance

▪ An evanescent wave is formed in the airgap region below

▪ Light couples to the waveguide which results in a decrease 

in the intensity of the light exiting the prism

Nontrivial solutions when:

Surface Plasmon Polaritons  (SPPs)

▪ Surface charge density oscillations coupled to an incident 
electromagnetic wave

▪ Confined to a metal-dielectric interface

▪ Small propagation lengths due to Ohmic damping

Guided Wave Plasmon Polaritons Modes (GW-PPMs)

▪ Central layer of higher refractive index relative to substrate

▪ Highly confined to center dielectric material

GW-PPM Plasmonic Waveguide

Standard Plasmonic Waveguide

Fig. 4. Final cross-section of device architecture

consists of trilayer GW-PPM waveguide on top

of conjugated polymer photovoltaic device.

Propagation Lengths

▪ Dashed lines represent free space, SiO2 and 

TiO2 light lines

▪ Regions in phase space exist where GW-PPMs 

have increased propagation length 

▪ Excitations of GW-PPMs can be detected 

through the method of attenuated total 

reflectance (ATR)

▪ GW-PPM waveguides have the potential for improving the performance of organic photovoltaic 
devices

▪ The preliminary results are promising, however additional data is required to verify the correlations in 
reflectance and current

▪ Future work includes finding a practical way to couple plasmonic modes without ATR

The general wave equation is
solved by assuming plane wave

solutions in each region:

Owen et. al, “Guided-wave plasmon polaritons”  (In review) 

Standard SPP ModesGuided-Wave Modes

Experimental ATR Setup

▪ Tunable laser source which scans over visible range: 488 - 640 nm

▪ Servo controlled rotation stage to vary internal angle

▪ Micrometer to adjust airgap between device and prism

▪ Comparison of final and initial laser intensity to calculate 

reflectance

▪ Picoammeter to measure resulting photocurrent 

Fig. 5. Close-up of device in Otto configuration

Fig. 6. Schematic of ATR setup

▪ ATR scans using a large 

airgap between the prism 

and device is used to 

characterize baseline 

current

▪ No coupling (by ATR)

▪ No current response

▪ Airgap is reduced until a 

dip in reflectance is 

produced indicating the 

excitation of a plasmonic 

mode

▪ An increase in  

photocurrent is observed 

with a decrease in 

reflectance
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MDMO-PPV Coated Waveguides

▪ We perform ATR for uncoated and MDMO-PPV 

coated waveguides

▪ Generate prediction for ATR spectrum using 

dielectric function of MDMO-PPV and a 

multilayered thin film model

▪ Agreement between the model predictions and 

the experimental measurements is observed

▪ Project Goal: Incorporate GW-PPM waveguide as an electrical back contact to OPV devices

▪ Incident photons not absorbed in active layer can excite surface plasmons

▪ Potential for improving absorption efficiency of OPV devices

▪ Increased propagation length of GW-PPMs result in larger enhancements over SPP based devices
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Fig. 1. Electric field amplitude 

throughout waveguide structure

Fig. 2. Dispersion relation for plasmonic modes

Fig. 3. Potential plasmonic light-trapping geometries for thin-film solar cells
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