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Abstract 
The rolls of triplet excitons in a polymer based photovoltaic (PV) device are investigated for improving the 
efficiency of PV devices.  Generally, the thick photo-absorbing layer can improve the PV device efficiency by 
increasing the photon absorption.  However, in case of PV devices with singlet excitons, the efficiency is limited 
by the short exciton diffusion length, which depends on the mobility and lifetimes of excitons. Therefore, using the 
triplet excitons, which have a higher mobility and longer lifetime, can solve the problem of premature exciton 
dissociation caused by the shorter singlet exciton diffusion length in the thick photo-absorbing layer.  In this study, 
the triplet exciton dynamics of a conjugated polymer in a phosphorescent dye blended polymer PV device is 
investigated by photo-induced absorption, and PV devices performance at various concentrations of 
phosphorescent dye are is also evaluated.  

 
1. Objectives and Background  

The efficiency of a polymer photovoltaic (PV) device depends on four main processes; 1. Photon 
absorption, 2. Exciton diffusion, 3. Charge transfer reaction, 4. Collection of the carriers.  In order to 
realize the high efficiency polymer PV devices, light absorption should be increased by increasing the 
thickness of the photo-absorbing layer.  However, the short singlet exciton diffusion length (5~12 nm), 
which depends on the mobility and lifetimes of excitons, restricts the effective film thickness less than 
~100 nm.  Meanwhile, the polymer PV device using the triplet excitons, which have a higher mobility as 
well as longer lifetime, can solve this problem of premature exciton dissociation caused by the shorter 
singlet exciton diffusion length in the thick photo-absorbing layer.  The polymer PV device using the 
triplet excitons also shows the higher photo-induced charge transfer efficiency compared to that using 
the singlet excitons because the triplet excitons easily dissociate with electrons and holes without the 
intermediate state.  

Two methods are usually adopted to use the triplet excitons in PV devices. One is the direct use of 
phosphorescent dye as a donor or an acceptor layer in layer structure1, and another is to the conjugated 
polymers by doping the heavy metal complexes.2 The first method of using the phosphorescent dye 
alone is not recommended because the low carrier mobility of triplet materials may not lead to the 
desired PV performance.  The latter one is more preferred.  It is known that the conjugated polymers 
with aromatic structure have a weak spin-orbital coupling and thus limit the triplet generation under 
photoexcitation.3 Nonetheless, the enhancement of triplet exciton density of conjugated polymers is 
possible by increasing the intersystem crossing efficiency through spin-orbital coupling or triplet energy 
transfer from triplet dopant to the conjugated polymer.  Modification of singlet and triplet exciton ratio 
in the conjugated polymer can be made by blending with phosphorescent dye as a host material of the 
heavy-metal complex, which improves the PV response through the improved light absorption as well as 
controlling exciton dissociation, exciton-charge reaction and recombination of the dissociated charge 
carriers in bulk heterojunction solar cells. 
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In this study, the triplet exciton dynamics of a conjugated polymer in a heavy metal complex 
(phosphorescent dye) blended polymer PV device by photo-induced absorption (PIA) is investigated, 
and PV device performance at various concentrations of phosphorescent dye is also evaluated.  
 

2. Results 
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Figure 1. (a) Photo-induced absorption (PIA) spectra and (b) chop frequency dependence of MEH-PPV with 

different contents of PtOEP at 40K, excited by 501nm. 
 

Figure 1 shows PIA spectra of pristine MEH-PPV and the blend films containing PtOEP (2 and 5% 
by weight) in MEH-PPV at 40 K, upon being excited at 501nm where both MEH-PPV and PtOEP 
absorb.   The PIA spectrum of pristine MEH-PPV shows a broad absorption peak at 900 nm.  No PIA 
was observed at room temperature.  These results are consistent with a T1−Tn absorption in MEH-PPV, 
as previously reported.4 The triplet excitons shown in PIA are from the intersystem crossing within the 
MEH-PPV through which a small proportion of the photo-generated singlet excitons is converted to 
triplets.  The PIA spectra of the blend films show the similar shapes with no additional feature due to 
other charged states.  It can be seen that the strength of the T1−Tn absorption is increased in the blend 
films, providing a definite evidence for the presence of an additional population of triplet excitons in the 
polymer generated by the triplet energy transfer from PtOEP.  

 Figure 2 shows the device performance of MEH-PPV:PCBM with different PtOEP contents.  The 
PV device consists of ITO/PEDOT/MEH-PPV:PCBM (1:4 ratio):PtOEP/Al structure. The device 
efficiency was measured at air mass (AM) 1.5G illumination condition with the light source operated at 
100mw/cm2.   The current-voltage measurements were carried out by using a source meter (Keithley 
2400).  In PV devices, the open circuit voltage (Voc) is created by the electronic energy level difference 
of the donor and the acceptor, and the fill factor (FF) depends on the charge transport properties.  In our 
devices, Voc and FF are not affected by the triplet dopant contents. This implies that PtOEP does not act 
as a donor or an acceptor, or disturb the charge transport of electrons and holes in MEH-PPV:PCBM 
film.  However, the photocurrent increases until 4~5% of PtOEP and decreases at higher concentration.  
The enhancements in the quantum efficiency and overall device performance are mainly originated from 
the increase in photocurrent.  The enhanced photocurrent must be attributed to the longer lasting triplet 
excitons.  The increased lifetime of the triplet excitons most likely increases the probability of finding 
neadby heterojuction, where they dissociate and thus contribute to the photocurrent.  In addition, the 
higher dissociation efficiency of triplet excitons also improves the photocurrent of the device.  
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Figure. 2. Device performance of MEH-PPV:PCBM with different PtOEP contents. 

 
3. Impact 
Until now, the rolls of the triplet states in PV devices have been studied much less than that in LEDs 
because the triplet formation is perceived as a loss mechanism in PV devices such as the formation of 
low-energy states which do not undergo charge transfer.3 Our results show that the effective use of 
triplet excitons in PV devices rather improves the device performance.  We anticipate that our work 
would contribute to the development and improvement of the efficient polymer PV devices. 
 
4. Acknowledgements 
This work was supported by Ministry of Education, Science and Technology of Korea through the 
Global Partnership Program. 

 
5. References 
[1]  Y. Shao and Y. Yang, Adv. Mater., 17, 2841(2005). 
[2] C.-M. Yang, C.-H. Wu, H.-H. Liao, K.-Y. Lai, H.-P. Cheng, S.-F. Horng, H.-F. Meng and J.-T. Shy Appl. 

Phys. Lett., 90, 133509(2007). 
[3] T. A. Ford, I. Aviov, D. Beljonne and N. C. Greenham Phys. Rev. B 71, 125212, (2005). 
[4] A. P. Monkman, H. D. Burrows, L. J. Hartwell, L. E. Horsburgh, I. Hamblett, and S. Navaratnam Phys. Rev. 

Lett. 86, 1358, (2001). 
 
 
 


