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Abstract 
Study on the plastic-substrate dye-sensitized solar cell (F-DSC) fabricated by the roll press method was 

investigated in terms of applied pressure, roll rotation rate, TiO2 film thickness and cell size. Efficiency ( ) 
of F-DSC fabricated by the roll press under 120 MPa was almost the same as that fabricated by the flat 
press, =5.6% for a small F-DSC (0.25 cm2). With increasing TiO2 film thickness over 6 m,  became 
inferior to the flat press because of low dye adsorption. However, the roll press method was superior to the 
flat press method in fabrication of large-sized F-DSCs. =5.5% was obtained by the roll press method but 

=3.2% was obtained by the flat press method under 120 MPa for F-DSC with 6.5 cm2. In conclusion, the 
roll press method proved an essential method for industrial mass production of F-DSC with a low cost.
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Fig. 1. Diagram of F-DSC fabrication by flat press method  
 
 
 
 
 
 
 
 
 
 

Fig. 2. Diagram of F-DSC fabrication by roll press method  
 

 

Fig. 3. Relation between pressure of roll press and clearance 
(a)  Roll rotation rate: 1 rpm, (b) Roll rotation rate: 3 rpm 
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Table 1 Influence of roll press conditions on cell performances of flexible-substrate dye-sensitized solar cells  
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Fig. 4. An equivalent circuit model of DSC 

 

 

 

 

 

Fig. 5. A typical Nyquist plot obtained from EIS of DSC 

 

 

 

 

 

 

 

 

Fig. 6. Components of DSC and their resistivities 

 

Rotation rate Clearance Pressure TiO2 film thickness after press Jsc Voc FF Efficiency 

[rpm] [ m] [Mpa] [ m] [mA/cm2] [V] [-] [%] 

1 190 90-100 4.0 8.7 0.77 0.67 4.4 

1 180 100-110 4.0 9.3 0.75 0.67 4.6 

1 170 110-120 4.0 9.2 0.75 0.67 4.6 

1 160 110-120 4.0 9.3 0.77 0.70 5.0 

1 150 110-130 4.0 10.4 0.76 0.71 5.6 

3 190 90-100 4.0 9.9 0.74 0.67 4.9 

3 180 100-115 4.0 9.7 0.78 0.71 5.3 

3 170 100-120 4.0 9.0 0.70 0.67 4.2 

3 160 115-125 4.0 9.9 0.74 0.67 4.9 

3 150 120-130 4.0 10.7 0.76 0.69 5.6 

Electrolyte: 0.05 M-I2, 0.6M-DMPImI,0.5M-TBP, 0.1M-Li in acetonitrile solvent, Dye N719, Cell area: 0.25 cm2 (Open cell), 

Photoelectrode substrate: ITO-PEN, Counter electrode: Pt/FTO/Glass, Measurement condition: AM 1.5, 100 mW / cm2  
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Fig. 1. Diagram of F-DSC fabrication by flat press method  
 
 
 
 
 
 
 
 
 
 

Fig. 2. Diagram of F-DSC fabrication by roll press method  
 

 

Fig. 3. Relation between pressure of roll press and clearance 
(a)  Roll rotation rate: 1 rpm, (b) Roll rotation rate: 3 rpm 
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Table 1 Influence of roll press conditions on cell performances of flexible-substrate dye-sensitized solar cells  
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Fig. 4. An equivalent circuit model of DSC 

 

 

 

 

 

Fig. 5. A typical Nyquist plot obtained from EIS of DSC 

 

 

 

 

 

 

 

 

Fig. 6. Components of DSC and their resistivities 

 

Rotation rate Clearance Pressure TiO2 film thickness after press Jsc Voc FF Efficiency 

[rpm] [ m] [Mpa] [ m] [mA/cm2] [V] [-] [%] 

1 190 90-100 4.0 8.7 0.77 0.67 4.4 

1 180 100-110 4.0 9.3 0.75 0.67 4.6 

1 170 110-120 4.0 9.2 0.75 0.67 4.6 

1 160 110-120 4.0 9.3 0.77 0.70 5.0 

1 150 110-130 4.0 10.4 0.76 0.71 5.6 

3 190 90-100 4.0 9.9 0.74 0.67 4.9 

3 180 100-115 4.0 9.7 0.78 0.71 5.3 

3 170 100-120 4.0 9.0 0.70 0.67 4.2 

3 160 115-125 4.0 9.9 0.74 0.67 4.9 

3 150 120-130 4.0 10.7 0.76 0.69 5.6 

Electrolyte: 0.05 M-I2, 0.6M-DMPImI,0.5M-TBP, 0.1M-Li in acetonitrile solvent, Dye N719, Cell area: 0.25 cm2 (Open cell), 

Photoelectrode substrate: ITO-PEN, Counter electrode: Pt/FTO/Glass, Measurement condition: AM 1.5, 100 mW / cm2  
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Fig. 7. Nyquist plots of F-DSCs fabricated under 1 rpm 

 

3 rpm

Nyquist plot R1

R2 R1

1rpm 2 TiO2

TiO2

Fig.7 Fig. 8

3rpm

EIS 3 rpm

TiO2

1 rpm  

F-DSC

Table. 2

F-DSC EIS Fig. 9 Table. 2

1 rpm TiO2

Voc  

Jsc 8.7 mA/cm2 10.4 mA/cm2 FF 0.67

0.71 4.4% 5.6%  

Fig.9 EIS R1 R2

1 rpm

1 rpm F-DSC F-DSC

 

40

30

20

10

0
0 10 20 30 40 50 60

Z'
'/

Z'/

Clearance190 m (90 100Mpa)

Clearance170 m (100 120Mpa)

Clearance150 m (120 130Mpa)

 
Fig. 8. Nyquist plots of F-DSCs fabricated under 3 rpm 

 

Table 2 Performances of F-DSCs fabricated by flat press 

Pressure Jsc Voc FF Efficiency 

[Mpa] mA/cm2 [V] [-] [%] 

93 8.7 0.77 0.67 4.4 

100 9.3 0.75 0.67 4.7 

107 9.2 0.75 0.67 4.6 

114 9.3 0.77 0.70 5.0 

121 10.4 0.76 0.71 5.6 
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Fig. 9. Nyquist plots of F-DSCs fabricated by flat press 
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Electrolyte: The same electrolyte of Table 1, Cell area: 0.25 cm2, 

Photoelectrode substrate: ITO-PEN, Counter electrode: Pt/FTO/Glass, 

Measurement condition: AM 1.5, 100 mW / cm2 
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Fig. 10. SEM (left) and AFM (right) images of TiO2 

photoelectrode fabricated by flat press method 
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Fig. 11. SEM (left) and AFM (right) images of TiO2 

photoelectrode fabricated by roll press method 

Table 3 Influence of TiO2 film thickness of photoelectrode on solar cell performances of F-DSC 

Press method TiO2 film thickness Jsc Voc FF Efficiency Dye adsorbed 

 [ m] [mA/cm2] [V] [-] [%] × 10-8 [mol/cm2] 

Flat press method 

4 9.3 0.75 0.67 4.7 2.0 

6 11.9 0.74 0.73 6.4 4.0 

8 13.4 0.75 0.72 7.2 6.5 

10 13.5 0.74 0.74 7.4 8.0 

Roll press method 

4 9.3 0.75 0.67 4.7 2.8 

6 11.7 0.75 0.68 5.8 3.3 

8 13.0 0.73 0.69 6.6 5.2 

10 13.0 0.73 0.68 6.5 6.1 

Electrolyte: I2 :0.05 M, DMPImI: 0.6 M, TBP: 0.5 M, LiI: 0.1 M in acetonitrile solvent, Dye N719, Cell area:0.25 cm2 

(Open cell), Photoelectrode substrate: ITO-PEN, Counter electrode: Pt/FTO/Glass, Measurement condition: AM 1.5, 100 mW / cm2 
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Fig. 8. Nyquist plots of F-DSCs fabricated under 3 rpm 
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Fig. 9. Nyquist plots of F-DSCs fabricated by flat press 
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Fig. 10. SEM (left) and AFM (right) images of TiO2 

photoelectrode fabricated by flat press method 
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Fig. 11. SEM (left) and AFM (right) images of TiO2 

photoelectrode fabricated by roll press method 

Table 3 Influence of TiO2 film thickness of photoelectrode on solar cell performances of F-DSC 

Press method TiO2 film thickness Jsc Voc FF Efficiency Dye adsorbed 

 [ m] [mA/cm2] [V] [-] [%] × 10-8 [mol/cm2] 

Flat press method 

4 9.3 0.75 0.67 4.7 2.0 

6 11.9 0.74 0.73 6.4 4.0 

8 13.4 0.75 0.72 7.2 6.5 

10 13.5 0.74 0.74 7.4 8.0 

Roll press method 

4 9.3 0.75 0.67 4.7 2.8 

6 11.7 0.75 0.68 5.8 3.3 

8 13.0 0.73 0.69 6.6 5.2 

10 13.0 0.73 0.68 6.5 6.1 

Electrolyte: I2 :0.05 M, DMPImI: 0.6 M, TBP: 0.5 M, LiI: 0.1 M in acetonitrile solvent, Dye N719, Cell area:0.25 cm2 

(Open cell), Photoelectrode substrate: ITO-PEN, Counter electrode: Pt/FTO/Glass, Measurement condition: AM 1.5, 100 mW / cm2 
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Press method 
area Jsc Voc FF Efficiency

[cm2] [mA/cm2] [V] [-] [%] 

Flat press 

method 

0.25 13.4 0.75 0.72 7.2 

6.5 8.7 0.68 0.52 3.2 

Roll press  

method 

0.25 13.0 0.73 0.69 6.6 

6.5 12.7 0.66 0.64 5.5 

Table 4 Influence of cell area on performances of F-DSCs 

fabricated by both flat press method and roll press method 

Electrolyte: The same electrolyte of Table 1, (Sealed cell), TiO2 film 

thickness: 8 m, Photoelectrode substrate: ITO-PEN, Counter electrode: 

Pt/Ti, Measurement condition: AM 1.5, 100 mW / cm2 
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