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Abstract 

In this thesis, we demonstrate a single heterojunction organic 

photovoltaic (OPV) cell using wide-bandgap electron-blocking layer, 

which can improve photocurrent absorption efficiency, balance carrier 

mobility between acceptor and donor can affect the carrier collection 

efficiency, and enhance the short-circuit current (JSC) , open-circuit 

voltage (VOC) and the efficiency. 

    At first, we try to optimize the best structure in OPV cells whose 

layer in order as glass/ITO/CuPc (X nm)/C60 (Y nm)/BCP (10 nm)/Al 

(100 nm), and then modulate the thickness of CuPc (electron donor layer) 

X and C60 (electron acceptor layer) Y to get the highest power conversion 

efficiency of this structure, which are 0.4 V of open-circuit voltage (VOC), 

3.96 mA/cm2 of short-circuit current density (JSC), 63.1% of fill factor 

(FF), and 1.00% of power conversion efficiency (PCE). 

    Secondly, We choose three wide-bandgap materials as 

electron-blocking layer, including ( 1 ) 4, 4', 4"- tris - ( 2 - methylphenyl 

phenylamino ) triphenylamine ( m-MTDATA ) ( 2 ) MeO-TPD, and (3) 

Ir(ppz)3, and try to modulate the thickness of electron-blocking layer to 

optimize the best properties, including photo-current density and open 

circuit voltage. The structure can reduced electron - hole recombination 

of OPV cell is ITO / electron-blocking layer / CuPc(X nm) / C60 (Y nm)/ 

BCP(10nm) / Al(100nm). The optimal thickness is m-MTDATA (4 nm); 

MeO-TPD (3 nm); and Ir(ppz)3 (0.5 nm), respectively. 
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    Finally, we choose the best performance material, m-MTDATA, as 

an electron-blocking layer. In additional, we doping pentacene into 

electron donor layer to enhance the mobility of CuPc. By the increasing 

of concentration on pentacene, we also find short-circuit current density 

(JSC ) and power conversion efficiency (PCE) were increased 

dramatically. This structure whose layer in order as ITO/CuPc:(R%) 

Pentacene (30nm)/C60 (40nm)/ BCP (10nm)/ Al (100nm). We tune 

concentration of Pentacene around 5% in CuPc to acquire excellent 

characteristics of OPV cell, including: 7.74 mA/cm2 of short-circuit 

current, 0.5 V of open-circuit voltage, 44.3% of fill factor, and 1.72% of 

efficiency. 

 

Keywords：Organic photovoltaic (OPV) cell, electron-blocking layer 
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    CuPc 25nm

VOC 0.4 V JSC 3.73 mA/cm2 FF 59.2

PCE  0.88 4-7  
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4.03mA/cm2  VOC 0.4 V FF 57.6

PCE 0.93 4-9

CuPc 30nm

4-2  

CuPc  (nm)/C60 (40 nm) VOC (V) JSC (mA/cm2) FF (%) η (%) 

25 0.4 3.73 59.2 0.88 

30 0.4 3.96 63.1 1.00 
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4.03mA/cm2 3.96mA/cm2 VOC  0.4V FF 63.1 PCE

1.00 4-8  

    C60 30nm JSC 2.63 mA/cm2

FF 55.9 VOC  0.4V PCE  0.59

4-10  

    C60 50nm C60

JSC 3.39mA/cm2 FF 57.1  VOC

0.4 V PCE 0.76 4-11

CuPc 30nm C60 40nm
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    ITO/CuPc(30nm)/C60(40nm)/BCP(10nm)/

(100nm)  

CuPc (30nm)/ C60  (nm) VOC (V) JSC (mA/cm2) FF (%) η (%) 

30 0.4 2.63 55.9 0.59 

40 0.4 3.96 63.1 1.00 

50 0.4 3.39 57.1 0.76 

4-3 C60  

 

4-4  

    ITO CuPc

-

M - MTDATA [23]

MeO-TPD[24] Ir(ppz)3[25] 4 - 12
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 ITO / /CuPc(30nm)/ C60(40nm)/BCP(10nm)/

(100nm) 4- 4  

 

4-4-1 m-MTDATA (A nm) 

    m- MTDATA -

7.5nm ITO/m- MTDATA(Anm

/CuPc(30nm)/ C60(40nm)/BCP(10nm)/ (100nm) 4-13

 7.5nm VOC 0.5V JSC 4.00 mA/cm2 FF

25.0 PCE  0.50 4- 14

 

    m-MTDATA (5 nm 3nm)

3nm m-MTDATA

(4 nm 3.5nm) m–MTDATA

4nm VOC 0.5V JSC 7.26 mA/cm2 FF 43.1 PCE 1.56

4-15 4-4  

m-MTDATA  (nm) VOC (V) JSC (mA/cm2) FF (%) η (%) 

7.5 0.5 4.00 25.0 0.50 

5 0.5 6.19 41.1 1.27 

4 0.5 7.26 43.1 1.56 

3.5 0.4 6.68 49.6 1.33 

3 0.4 5.93 54.5 1.29 

     4-4 m-MTDATA  
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4-4-2 MeO-TPD  (B nm)  

    

MeO-TPD LUMO HOMO m– MTDATA

LUMO/HOMO 1.9V/5.1V m- MTDATA

 

    4-4-1 7.5nm  ITO 

/MeO-TPD(B nm)/CuPc(30nm)/ C60(40nm)/BCP(10nm)/ (100nm)

4-16  7.5nm VOC 0.5V JSC

4.10 mA/cm2 FF 25.9 PCE  0.53 4-17

 

    MeO-TPD (5nm 4nm 3nm

2.5nm) 3nm VOC 0.4V

JSC 4.61 mA/cm2 FF 61.0 PCE 1.12 4 - 18

FF M – MTDATA 43.1 61.0

VOC 0.4 V JSC 4.61mA/cm2

4-5  
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MeO-TPD thickness (nm) VOC (V) JSC (mA/cm2) FF (%) η (%) 

7.5 0.5 4.10 25.9 0.53 

5 0.4 4.36 59.0 1.03 

4 0.4 4.24 61.1 1.04 

3 0.4 4.61 61.0 1.12 

2.5 0.4 3.95 58.9 0.93 

     4-5 MeO-TPD  

 

4-4-3 Ir(ppz)3 (C nm)  

    Ir(ppz)3 1.6V

LUMO m-MTDATA 0.3

5.0V HOMO ITO

 

    4-4-1 7.5nm  ITO 

/Ir(ppz)3(C nm)/CuPc(30nm)/ C60(40nm /BCP(10nm / (100nm

4 - 19  7.5nm VOC 0.5V JSC 2.52 

mA/cm2 FF 54.9 PCE  0.55 4-20

 

    Ir(ppz)3 5nm 4nm 1nm 0.5nm

0.5nm VOC 0.4 V JSC 3.81 

mA/cm2 FF 59.8 PCE  0.91 4–21
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m–MTDATA FF 43.1 59.8 VOC

0.4 V JSC 7.26 mA/cm2 3.81 

mA/cm2 4-6  

Ir(ppz)3  (nm) VOC (V) JSC (mA/cm2) FF (%) η (%) 

7.5 0.5 2.52 54.9 0.55 

5 0.4 2.96 60.6 0.72 

4 0.4 3.05 62.3 0.76 

1 0.4 3.39 63.8 0.87 

0.5 0.4 3.81 59.8 0.91 

4-6 Ir(ppz)3  

 

4-5 CuPc Pentacene  

    4-4 m-MTDATA

m - MTDATA 4nm VOC 0.5V JSC 7.26 mA/cm2

FF 43.1 PCE 1.56 m-MTDATA

JSC 7.26 mA/cm2 FF

4-22 4-24

4-7 RMS

Pentacene = 1.5 cm2/V-s CuPc
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wt. 3 5 7 Pentacene CuPc

m-MTDATA ITO /m- MTDATA 4nm /CuPc

R Pentacene30nm / C60 40nm /BCP 10nm / 100nm

4-25 wt.3 VOC 0.5V JSC

6.26 mA/cm2 FF 46.6 PCE  1.46 4-26

wt.5 VOC 0.5V JSC 7.74 mA/cm2

FF 44.3 PCE  1.72 4-27 wt. 7

VOC 0.5V JSC 6.66 mA/cm2 FF 49.3

PCE 1.31 4-28 OPV cell

4-8  

m-MTDATA  (nm) Surface roughness 

(nm) 

Surface RMS 

(nm) 

7.5 2.116 2.768 

4 2.931 3.723 

3 3.008 3.709 

4-7m-MTDATA RMS 

Pentacene concentration (wt. %) VOC (V) JSC (mA/cm2) FF (%) η (%) 

0 0.5 7.26 43.1 1.56 

3 0.5 6.26 46.6 1.46 

5 0.5 7.74 44.3 1.72 

7 0.4 6.66 49.3 1.31 

4-8 CuPc pentacene  
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    OPV cell

m-MTDATA MeO- TPD Ir ppz 3 ITO Pentacene

CuPc  

    

-

 

    m-MTDATA

m-MTDATA 4nm VOC 0.5V JSC7.26 mA/cm2

FF 43.1 PCE 1.56  

    Pentacene CuPc

- Wt.5 pantacene

CuPc OPV cell  1.56 1.72

 ITO /m- MTDATA 4nm /CuPc 5 Pentacene30nm / C60

40nm /BCP 10nm / 100nm 5-1  
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Figure 

 

. 1-1  (a) (b) BHJ 

(c) P-I-N  (From Appl. Phys. Lett., Vol. 84, p. 

1210, 2004.) 
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   (b)  J-V characteristic @ 100 mW/cm2 
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(b)  J-V characteristic @ 100 mW/cm2 
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(b)  J-V characteristic @ 100 mW/cm2 
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(b)  J-V characteristic @ 100 mW/cm2 
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(b)  J-V characteristic @ 100 mW/cm2 
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(b)  J-V characteristic @ 100 mW/cm2 
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(b)  J-V characteristic @ 100 mW/cm2 
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