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ABSTRACT   

We report on the latest progress in the field of organic p-i-n tandem solar cells. The external quantum efficiencies of a 
tandem solar cell with two complementary absorbing bulk heterojunctions with an efficiency of 6.07% (certified by 
Fraunhofer ISE) with an active area of about 2cm² is analyzed. These solar cells are extremely stable: a reduction of only 
3% of its initial power conversion efficiency was measured when stored at 85°C for 5000 hours. The solar cell does not 
show any reduction in efficiency when stored under continuous illumination of a tungsten lamp corresponding to 1.5 
suns for 5000 hours. Furthermore, we present the latest results on optimized tandem solar cells showing a power 
conversion efficiency of 7.66 % (certified by Fraunhofer ISE, active area of 1.1cm²). 
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1. INTRODUCTION  

Organic solar cells can be produced on large area, the modules can be light weight, flexible, and optically translucent, 
and they can be produced with low material and energy consumption at low costs. In 1986, Tang reported about the first 
organic heterojunction cell with an efficiency of about 1%1. Since then a lot of progress regarding efficiency, lifetime 
and the understanding of the physics behind organic solar cells has been achieved2,3,4,5,6,7. Recently, an organic bulk 
heterojunction polymer solar cell with record efficiency as high as 7.9% has been reported (NREL ‘Notable exception’ 
of a polymer solar cell with an active area of 4.4mm² produced by Solarmer)8. This progress and the availability of first 
products9 show that organic heterojunction solar cells are close to commercialization.  

In this article, we will present the progress in p-i-n tandem solar cells processed from small molecules by vacuum 
deposition. With this technique, it is possible to prepare organic solar cells with high power conversion efficiencies and 
simultaneously extremely long lifetime.  
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2. EXPERIMENTAL 
Organic tandem solar cells based on the p-i-n-concept5 were prepared and investigated. The solar cells consist of two 
bulk-heterojunctions (BHJ), each with complementary absorbing donor materials and C60 as acceptor material, 
embedded between doped organic transport layers. The organic dopants are provided by Novaled AG, Dresden; the 
donor material for absorption in the red spectral region is provided by BASF, Ludwigshafen. The absorber for the green 
spectral region is a conjugated oligomer developed and synthesized by Heliatek GmbH. Using highly conductive doped 
wide gap hole transport layers adjacent to the reflecting metal top contact and between the two BHJs allows for an 
optimal positioning of each subcell regarding optical interference maxima10,11. All devices are prepared on indium tin 
oxide-coated glass substrates (Thin Film Devices Inc., Anaheim, USA) with a sheet resistance of 30 Ω/□ precleaned with 
organic solvents in an ultrasonic bath. The organic layers and the metal top contact were deposited through shadow 
masks.  
The device which will be discussed firstly has a photoactive area of 2 cm² while the second device shows an active area 
of 1.1cm².  
 
 
The devices were encapsulated together with a getter pad with a glass lid glued by a UV-curable epoxy resin in a 
nitrogen atmosphere. 
The measurements of the external quantum efficiency (EQE) were carried out with a custom-made setup. The 
monochromatic probe beam is chopped and the solar cell’s current response is detected via lock-in amplifier. Bias 
illumination is provided by LEDs. 
Both of the solar cells shown in this paper were certified by Fraunhofer-ISE (Freiburg, Germany). 
     

 
Figure 1 Tandem solar cell 

 

The lifetime of two solar cells with a similar layer structure as Cell A was measured. Cell A-1 has been stored in the 
dark at 85°C, < 30% r.h. This is not only an accelerated shelf life test for the stability of the encapsulation, but also 
certainly tests the intrinsic long-term thermal stability of the cell itself.   
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Figure 3 Absorption spectra of the two donor materials used in cell A.  

 
 

Another advantage of tandem solar cells is the possibility to optimize the open circuit voltage (Voc). The Voc of each 
sub cell can be optimized individually. Voc of a solar cell is ultimately limited by the low energy absorption edge of the 
photoactive materials in each sub cell. Thus, using tandem solar cells, more energy per photon can be extracted from the 
solar cell. Ideally, Voc of a tandem solar cell is the sum of the Vocs of each sub cell. Here, the interconnection of the two 
sub cells is realized using highly doped transport layers11.  
Furthermore, the concept of small molecule organic tandem solar cells in combination with doped wide gap transport 
layers permits placing each sub cell in the optimum distance to the reflecting aluminum top contact regarding optical 
interference effects. Thus, it is possible to design a tandem solar cell covering the whole visible sun spectrum, to 
optimize Voc and achieve current matching between the two sub cells.      
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Figure 4 EQE of tandem solar cell A measured with various light bias.    
 

Figure 4 shows the external quantum efficiency (EQE) of tandem solar cell A measured under various light biases. The 
Graph shows EQE measurements with green (500nm), red (650nm) and no light bias. The EQE measurements with light 
bias in combination with lock-in technique allows for the determination of the individual EQEs of each sub cell of this 
tandem solar cell with complementary absorbing bulk heterojunctions. Using the green light bias, the green absorbing 
sub cell is mainly excited such that the second sub cell is limiting the overall current of the tandem cell (dashed line). 
The spectrum shows two maxima, one around 350nm and another at 680nm reflecting the absorption spectrum of donor 
material 2 shown in Figure 3. Using a red light bias, the second sub cell (absorbing mainly in the green wavelength 
region) limits the overall current of the tandem solar cell and its EQE becomes visible (grey thick line). This spectrum 
features only one maximum around 550nm. If no light bias is used (thin black line), the overall current is limited by the 
lower current of the two sub cells. In theory, the EQE measured without light bias should be the lower envelope of the 
EQEs of the respective sub cells. The agreement between measurement and theory confirms a good rectifying  behavior 
of each sub cell.  
The short circuit current density (Jsc) of a solar cell can be calculated from its EQE and the illumination spectrum. Using 
the EQEs of cell A and the AM1.5g spectrum (ASTM  G173, Figure 2) one obtains 6.13 mAcm-2 for the sub cell 
absorbing mainly in the red (green light bias) and 6.19 mAcm-2 for the sub cell absorbing mainly in the green wavelength 
region (red light bias). The measurements show a very good current matching of the two sub cells when illuminated with 
the AM 1.5g spectrum.   
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of efficiency and lifetime have to be transferred to flexible substrates. Here, the major issues are the development of a 
cost efficient barrier system and to find an alternative to ITO.     
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