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Abstract 

We report systematic comparison studies of the in-

sertion effects of a cathode buffer layer bulk hetero-

junction organic solar cell based on 

1,4,8,11,15,18,22,25-octahexylphthalocyanine (C6PcH2) 

and 1-(3-methoxy-carbonyl)-propyl-1-1-phenyl-(6,6)C61 

(PCBM) by using 

1,3,5-tri(phenyl-2-benzimidazole)-benzene (TPBi) as a 

cathode buffer layer material, the external quantum 

efficiency and the short-circuit current markedly in-

creased, resulting in the enhancement of the power 

conversion efficiency. The solar cell performances are 

discussed from the atomic force microscopy, photoelec-

tron yield spectroscopy and X-ray photoelectron spec-

troscopy measurements.  

 

1. Introduction 

A discotic liquid crystalline phthalocyanine derivative, 

1,4,8,11,15,18,22,25-octahexylphthalocyanine (C6PcH2)  

appears as a highly suitable material for the development of 

small molecule/fullerene bulk hetero-junction (BHJ) or-

ganic solar cell (OSC) [1,2]. The charge transport proper-

ties in OSC can be enhanced in low weight molecule sys-

tems by post-anealing treatment as polymer-fullerene sys-

tems [3]. However, due to the temperature sensitivity of 

C6PcH2 crystallite [3], the transport and collection of 

charges carrier can be affected by defect states induced 

during aluminum (Al) cathode deposition. In OSC, the im-

provement of the device performance is highly dependent 

on the top contact electrode (cathode) material, and lots of 

studies have been reported on this subject [4]. Benefic elec-

trical or optical effects and diffusion barrier against the 

deposited Al are suggested to justify the improved solar cell 

after the buffer insertion [5,6]. In particular, buffer layer 

with high mobility, high transparency, stability against 

thermal deposition damage of Al, and a wide band gap to 

avoid exciton decay are suitable to improve transport and 

collection of charge carrier at the interface of OSC [5-7].  
In this study, we reported on systematic studies of the 

BHJ OSC based on C6PcH2 and 

1-(3-methoxy-carbonyl)-propyl-1-1-phenyl-(6,6)C61 

(PCBM) with 1,3,5-tri(phenyl-2-benzimidazole)-benzene 

(TPBi) buffer layer. The buffer layer of TPBi was investi-

gated by using atomic force microscopy (AFM), photoelec-

tron yield spectroscopy (PYS) and X-ray photoelectron 

spectroscopy (XPS), and the reason for the improved pho-

tovoltaic properties was discussed. 

  

2. Experimental  

The configuration of solar cells is 

ITO/MoO3/C6PcH2:PCBM/TPBi/Al. The C6PcH2:PCBM 

film was spin-coated using toluene as a solvent in a glove 

box filled with nitrogen gas. The C6PcH2 was used as a 

donor material and PCBM as an acceptor material.  

The films were placed in multi-source thermal evapora-

tion vacuum chamber. The deposition rate of TPBi was 0.3

Å /s under a pressure of 10-4 Pa. To form a cathode, 

80-nm-thick Al was evaporated under a pressure of 10-4 Pa 

at a rate of 5.0Å/s. Then, the device performance of the 

photovoltaic cells was measured in vacuum.  

The ionization potential of the TPBi layer on ITO glass 

substrate was measured by using a PYS (Sumitomo Heavy 

Industries) with a deuterium lamp for light excitation. The 

surface morphology of the TPBi layer was investigated 

using tapping-mode AFM (Keyence-VN-8000). The Al 

diffusion depth was examined by using a ESCA 850 

(Shimadzu) XPS systems.  

 

3. Results and Discussion 

Fig. 1 EQE spectra of organic solar cells as a function of the TPBi 

thickness. 

The insertion of TPBi buffer layer improved the cell 

performances as shown in Fig.1. Particularly, the external 

quantum efficiency (EQE) increased from 30% to 41% 

around 350 nm and from 48% to 62% around 650 nm, 
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which correspond to B-band and Q-band of C6PcH2 re-

spectively. In the case of TPBi layer with a thickness ex-

ceeding 6 nm, the EQE monotonically decreased.  

Due to photocurrent enhancement and suppressed series 

resistance, the short-circuit current (Jsc) was improved 

from 6 to 8.4 mA/cm2. As a consequence, the power con-

version efficiency (PCE) increased from 2.1% to 3.4 % in 

OSC with 6-nm-thick TPBi layer, as shown in Fig.2.  

Fig. 2 TPBi buffer layer thickness dependences of PCE.  

Hence, in order to clarify the effect of TPBi on the ac-

tive layer, the highest occupied molecular orbital (HOMO) 

energy level and the surface morphology of TPBi layer 

were analyzed by PYS and AFM. 

The TPBi HOMO level was estimated to be 6.7eV ex-

cept for the TPBi film thinner than 3 nm, therefore we de-

duced that the exciton blocking effect appears around 3 nm 

of TPBi layer thickness. Furthermore, concerning the mor-

phology, it is found that the roughness of the active layer 

surface significantly decreased as the TPBi thickness in-

creased. It is considered, therefore, that the formation of an 

efficient blocking layer were strongly correlated to a reduce 

of the series resistance [8], as consequence a considerable 

enhancement of Jsc with an increase of the fill factor from 

44% to 50% were achieved.  

Fig. 3 Ionization potential of TPBi as a function of the TPBi 

thickness.  

Whereas, in the case of the thicker layer than 6 nm of 

TPBi, the series resistance considerably increased, because 

of a higher bulk resistance, which ultimately leaded to the 

decrease of Jsc, FF and PCE [9]. 

Concerning the Al diffusion barrier, the composition 

depth profiles of the chemical states were investigated 

across TPBi/Al inter-layer structure by XPS measure-

ment. The TPBi thickness varied from 3 to 10 nm and 

the Al layer was fixed to 10 nm. It is clarified that a 6 

nm-thick TPBi layer was needed to avoid drastically the 

thermal damage of the Al particle depth penetration on 

the active layer top surface. 

 

4. Conclusions 

  The effects of TPBi as a top cathode buffer layer on the 

BHJ C6PcH2-PCBM was investigated. The external quan-

tum efficiency has been improved to be 62% at Q-band, 

and the power conversion efficiency of 3.4% was achieved 

with 6-nm-thick TPBi layer. The photovoltaic parameters 

were also enhanced successfully due to the improved inter-

face contact, which was discussed by taking the optical and 

morphological investigation into consideration.  
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