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Supporting Information  
 

Boosting the short-circuit current density of organic  

photovoltaics using a composite electrode  

 

S. Saylan, C. T. Howells 

S.1 Application of the composite metal electrode to different active layer blends 

 

S.1.1. Optimization of devices based on PTB7-Th(PCE10):IEICO-4F 

 

Here the Ag/Al composite electrode is investigated in regular and inverted architectures where 

the active layer is PTB7-Th:IEICO-4F (1:1.5), and the baseline glass/ITO(100 

nm)/PEDOT:PSS(40 nm)/PTB7-Th:IEICO-4F/Al(200 nm) and glass/ITO(100 nm)/ZnO(40 

nm)/PTB7-Th:IEICO-4F/MoO3(10 nm)/Ag(200 nm), respectively. The refractive index and 

extinction coefficient of the active layer are shown in Figure S1. 

 

 
 

Figure S1: Refractive index (n) and extinction coefficient (k) of the blend PTB7-Th:IEICO-4F 

(1:1.5).  

 

The calculated JSC for different active layer thicknesses in the regular baseline architecture are 

shown in Table S1. A 120-nm-thick active layer appears to be the optimum considering the 

calculated JSC and the practical limits of diffusion length and charge transport.  

 

 

 



2 

 

Table S1: Calculated JSC for the regular baseline architecture with different active layer 

thicknesses. 

Thickness 

(nm) 

80 100 120 140 

JSC (mA/cm2) 21.87 26.35 28.21 28.50 

 

The dependence of JSC on the thickness of Ag in a Ag/Al(200-nm-thick) composite electrode 

implemented in the regular architecture is plotted in Figure S2 for 100- and 120-nm-thick 

PTB7-Th:IEICO-4F active layers. A composite electrode of Ag(40-nm-thick)/Al(200-nm-

thick) leads to a short-circuit current density of 28.80 and 29.67 mA/cm2, and offers an increase 

of 9.3% and 5.2% in the JSC compared to a 200-nm-thick Al only contact, with 100- and 120-

nm-thick active layers, respectively.  

  

 
Figure S2: Dependence of JSC on the thickness of Ag in an Ag/Al composite electrode 

implemented in the regular architecture, plotted for 100- and 120-nm-thick PTB7-Th:IEICO-

4F active layers. 

 

In the inverted architecture, the JSC calculated for the Ag(200-nm-thick) and Ag(40-nm-

thick)/Al(200-nm-thick) electrodes based on the 120-nm-thick PTB7-Th:IEICO-4F active layer 

are 30.06 and 30.03 mA/cm2, respectively. With a 100-nm-thick active layer, the JSC calculated 

is 29.84 and 29.78 mA/cm2 for the Ag(200-nm-thick) and Ag(40-nm-thick)/Al(200-nm-thick) 

electrodes, respectively. Although the composite electrode produces almost the same JSC as the 

baseline, in the case of composite electrode it is possible to reduce the cost by reducing the 

amount of silver used in the anode. 

  

 

 

 



3 

 

S.1.2. Optimization of devices based on PM6:Y6  

 

Here the Ag/Al composite electrode is investigated in regular and inverted architectures where 

the active layer is PM6:Y6, and the baseline glass/ITO(100 nm)/PEDOT:PSS(40 nm)/ 

PM6:Y6/Al(200 nm) and glass/ITO(100 nm)/ZnO(40 nm)/PM6:Y6/MoO3(10 nm)/Ag 

(200 nm), respectively. The refractive index and extinction coefficient of the active layer are 

shown in Figure S3. 

 

 
Figure S3: Refractive index (n) and extinction coefficient (k) of the blend PM6:Y6.  

 

The calculated JSC for different active layer thicknesses in the regular baseline architecture are 

shown in Table S2. A 120-nm-thick active layer provides the maximum JSC.  

 

Table S2: Calculated JSC for the regular baseline architecture with different active layer 

thicknesses. 

Thickness 

(nm) 

80 100 120 140 

JSC (mA/cm2) 21.87 25.59 26.56 26.10 

 

The dependence of JSC on the thickness of Ag in a Ag/Al(200-nm-thick) composite electrode 

implemented in the regular architecture is plotted in Figure S4 for 100- and 120-nm-thick 

PM6:Y6 active layers. A composite electrode of Ag(40-nm-thick)/Al(200-nm-thick) leads to a 

short-circuit current density of 27.65 and 27.54 mA/cm2, and offers an increase of 8.0% and 

3.7% in the JSC compared to a 200-nm-thick Al only contact, with 100- and 120-nm-thick active 

layers, respectively. As seen From Figure S4, the composite electrode offers the possibility of 

using a thinner, 100 nm instead of 120 nm for instance, active layer for equal or higher JSC. This 

provides the potential advantage of a more efficient charge transport. 
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Figure S4: Dependence of JSC on the thickness of Ag in an Ag/Al composite electrode 

implemented in the regular architecture, plotted for 100- and 120-nm-thick PM6:Y6 active 

layers. 

 

In the inverted architecture, the JSC calculated is 27.47 mA/cm2 for both Ag(200-nm-thick) and 

Ag(40-nm-thick)/Al(200-nm-thick) electrodes with a 120-nm-thick PM6:Y6 active layer. With 

a 100-nm-thick active layer, the JSC calculated is 27.89 mA/cm2 for both Ag(200-nm-thick) and 

Ag(40-nm-thick)/Al(200-nm-thick) electrodes. Although the composite electrode produces the 

same JSC as the baseline, in the case of composite electrode it is possible to reduce the cost by 

reducing the amount of silver used in the anode. 

 

 


