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ᄔᄔᄔᄔ ाााा 

 

 

  ҁጇፕЎύǴךॺൂܭ౦፦ௗय़Ԗᐒϼ໚ૈႝԣύǴᙖҗ㹁ૈሜႝ

ηߔᏲቫ೛ीࣴೌמᇙଯਏ౗ޑԖᐒϼ໚ૈႝԣ(OPV cell)Ƕӧᇙբ

֎ࢬӀႝޑǴᙖаගϲϡҹ܄੝ځ਑ٰКၨ׷ॺ٬Ҕӭᅿךၸำύޑ

ԏਏ౗Ǵѳᑽၩηԏ໣ཱུႝܭϐਏ౗٠ቚ຾ϡҹ໒ၡႝᓸϷอၡႝ

  ǶޑҞޑගϲਏ౗ډǴа຾Զၲࢬ

  २ӃǴךॺ჋၂ന٫ϯൂ౦፦ௗय़Ԗᐒϼ໚ૈႝԣ่ᄬǴ่ځᄬࣁ

ITO/CuPc (X nm)/C60 (Y nm)/BCP (10 nm)/Al (100 nm)ǶךॺӃፓᡂ

CuPcޑጢၲډࠆനଯਏ౗ǹϐࡕӆׯᡂ C60ޑጢࠆӧаၲډന٫่ᄬ

ࣁ໒ၡႝᓸޑനଯਏ౗ǴԜϡҹޑ 0.4 VǴอၡႝࢬஏࣁࡋ 3.96 

mA/cm2Ǵ༤кӢኧࣁ 63.1 %Ǵф౗ᙯඤਏ౗ࣁ 1.00%Ƕ 

౦፦ൂޑ਑ӧന٫ϯ׷ᏲቫߔηႝޑԛǴ჋၂٬ҔΟᅿቨૈሜځ   

ௗय़ϼ໚ૈႝԣ่ޑᄬǴ׷਑ϩձࣁ 1. m-MTDATAǹ2.MeO-TPDǹ

3.Ir(ppz)3Ǵ٠ፓ᏾Ӛ׷਑ځനࡋࠆ٫Ǵ่ځᄬࣁ ITO/electron blocking 

layer/CuPc(30 nm)/C60(40 nm) /BCP(10 nm)/Al(100 nm)Ƕځനࡋࠆ٫ϩ

ձࣁ 1. m-MTDATA(4 nm)ǹ2.MeO-TPD (3 nm)ǹ3.Ir(ppz)3(0.5 nm)Ƕ 

നࡕǴךॺᒧ᏷Α੝܄നޑ٫ m-MTDATA բႝࣁηߔᏲቫ׷਑Ǵ
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ќѦǴӧႝηڙᡏ CuPcቫҔӅᇃᗓޑБԄᄞᚇଯၩηᎂ౽౗ޑԖᐒ

਑ PentaceneǴᙖҗቚу׷ Pentaceneޑᐚךࡋॺёаว౜ϡҹޑอၡ

ᄬ٩ׇӵΠ่ځаϷਏ౗ܴᡉගϲǶࢬႝ ITO/m-MTDATA/CuPc:(R%) 

Pentacene(30nm)/ C60(40nm)/BCP(10nm)/ Al(100nm)ǶךॺፓᡂΑӧ

ଯၲࢬอၡႝ:ࡴǴх܄Π٠ᕇठᓬ౦ϐϼ໚ૈႝԣ੝ࡋᄞᚇᐚޑ5%

7.74 mA/cm2Ǵ໒ၡႝᓸࣁ 0.5 VǴ༤кӢኧࣁ 44.3 %ǴϷਏ౗ࣁ 1.72 

%Ƕ 
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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. 



ቨૈሜႝηߔᏲቫׯ๓Ԗᐒϼ໚ૈႝԣਏ౗ 

iv 
逢甲大學學生報告 ePaper(2011年) 

    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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ಃ΋കᙁϟಃ΋കᙁϟಃ΋കᙁϟಃ΋കᙁϟ 
 
 

    ᒿ๱ޗ཮ޑว৖Ǵჹҡϯૈྍޑ੃઻ቚуǴΓॺԵቾၗྍ࢏ᆃޑ

ୢᚒǶԾ 1973ԃಃ΋ԛૈྍӒᐒǴ܌Ԗޑ୯ৎᑈཱུ໒زࣴۈඹжૈ

ྍǴٯӵϼ໚ૈǴ॥ૈǴНૈǶҗٮܭᔈкޑىϼ໚ૈǴϼ໚ૈႝԣ

ᔈҔගٮΑ΋ঁคज़ޑǴคԦޑࢉඹжǶ 

    ࣬ჹܭ໺಍ޑคᐒϼ໚ૈႝԣǴϼ໚ૈႝԣҗԖᐒъᏤᡏගٮΑ

೚ӭԖ߻೼ޑёૈ܄ǶനԖወΚޑԖᐒϼ໚ૈႝԣ(OPV cell)ӧܭԋ

ҁեǴख़ໆᇸǴଯёـӀ֎ԏૈΚޑԖᐒ׷਑Ǵ࣬৒܄ᆶۭ᠎܄ࢋǶ

ӢԜǴ୷ᘵࣴزπբࢂѸाޑǴаߡബࡌ΋ঁ୘཰ϯाޑ؃Ԗᐒϼ໚

ૈႝԣǶനख़ाޑӢનǴࣁफ़եϼ໚ૈႝԣޑᇙ೷ԋҁǴਏ౗ߏکය

ᛙۓǶ 

 

1-1 Ԗᐒϼ໚ૈႝԣޑᐕўԖᐒϼ໚ૈႝԣޑᐕўԖᐒϼ໚ૈႝԣޑᐕўԖᐒϼ໚ૈႝԣޑᐕў 

    ಃ΋ঁ่ᄬࢂ OPV cellȐӕ፦ௗय़ȑ่ᄬǶҗܭѝԖ΋ঁԖᐒЬ

୏ቫး࿼Ǵᐟηޑϩᚆ౗Ǵౢғႝکࢬф౗ᙯඤਏ౗ȐPCEȑߚதեǶ 

1986ԃǴC. W. TangȐऍ୯ၲ࢒ϦљȑǴวܴΑԖᐒวӀΒཱུᡏǴᕇ

ளനεँઇ܄ว৖ǴOPV cellǶдࢂಃ΋ঁගрൂ΋ࡼޑᡏ/ڙᡏޑ౦

፦่ᄬǴѬҗል儛๭ȐCuPcȑբႝࣁηࡼᡏቫک㨁़ғނ
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(perylene-derivatives)բႝࣁηڙᡏቫ [1]Ƕӧ೭ᅿ่ᄬύޑᓬᗺࣁԖਏ

ϩᚆӧࡼᡏ/ڙᡏௗय़ೀޑᐟηǴϐࡕλϩη OPV cellޑਏ౗ёගଯ

ډ 0.95ʘǴ೭ႴᓰΑ OPV cellࣴᇙԋф׆ޑఈǶ 

    2000ԃǴS. R. Forrest฻ΓගрΑᚈ౦፦ௗय़่ᄬλϩηOPV cell 

[2]Ƕҗܭ෧ϿΑ儛๭ልکࡋࠆ 3,4,9,10 -perylenetetracarboxylic 

bisbenzimidazoleȐPTCBIȑǴѬ٬ளӧ؂΋ᅿ׷਑ᐟηᘉණޑࡋߏጄ

ൎёаᙯϯࣁԾҗၩηǶԜѦǴ၀೛ഢᗋёаකΕᙁൂޑഐ่ٝᄬǴ

аගଯӀ೛ഢᙯඤਏ౗ډ 2.4ʘǶ 2001ԃǴP. Peumansک S. R. 

ForrestǴҔ C60ቫբႝࣁηڙᡏаڗж PTCBIǴC60ᐟηᘉණ77)ࡋߏ 

± 10 Å)ک PTCBIᐟηᘉණࡋߏ(3 ± 30Å)ǶҗܭၨޑߏᐟηᘉණࡋߏǴ

C60ࡋࠆޑёቚу֎ԏ׳ӭΕ৔ӀǶᏤႝᆫ 3,4-Β਼Ό౎䇃֊/ᆫ 4-

शΌ౎ᕘለ(polymer poly (3,4-ethylenedioxythiophene): poly 

(styrenesulfonate))ȐPEDOTǺPSSȑჹ⥲ᒴ਼ϯނȐITOȑ߄य़ёගଯ

ᙯඤਏ౗Կ 3.6ʘ[3]Ƕ 2004ԃǴS. R. Forrest฻Γஒ OPV cellޑᙯඤ

ਏ౗ගϲԿ 4.2ʘ[4]Ǵฅࡕᇙ೷Սᖄ่ᄬ [5]Ǵаᘉε֎ԏӀ᛼Ǵග

ଯ໒ၡႝᓸȐVocȑǴගଯᙯඤਏ౗ډ 5.7ʘǶ 

    όၸǴԖᐒ׷਑ Ǵ္ᐟηᘉණࡋߏၨอႝࢂԣޑલᗺϐ΋ǶٯӵǴ

CuPcޑᐟηᘉණࡋߏǴ΋ঁ OPV cell׷ࠠڂޑ਑ǴѝԖऊ 10nm[6]Ƕ

CuPcૈ܄ޑᡉҢեӀႝࢬஏࡋǴӧၨޑࠆ CuPc୷ۭϡҹǴε೽ϩޑ

ᐟηӧԖᐒቫౢғਔคၲډݤௗय़ԶౢғԾҗၩηǶࣁΑլܺ೭ঁज़
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Ǵ໒วΑڋ bulk herero-junctionȐBHJȑ่ޑᄬǴࢂҗӅӕ؈ᑈႝη

ᑈ٬ளႝ؈Ӆӕޑ਑׷ᅿٿܭǶҗޑಔԋ܌਑׷ᡏڙηႝک਑׷ᡏࡼ

ηࡼᡏቫႝکηڙᡏቫޑௗय़य़ᑈ೏ቚуǴ၀ϡҹޑᐟηౢғೲ౗ک

อၡႝࢬஏࡋȐJSCȑҭԖ܌ቚуǶٯӵǴӧ 2003ԃ Sullivan et al.ࣴ

ᑈ؈ΑӅӕز CuPcک C60Ȑ1:1ȑBHJ่ᄬޑቹៜǴ٠ᆶᚈቫ࣬ӕ่

ᄬ(CuPcک C60)ޑԖᐒ׷਑բКၨǶ၀း࿼่ᄬᡉҢკ 1-1Ȑa-bȑ[7]Ƕ

BHJ่ᄬޑอၡႝࢬஏࡋ JSC( 4.6 mA/cm2)ଯܭᚈቫ่ᄬȐ3.4 

mA/cm2ȑǶҗܭ΢ॊ੝܄Ǵ BHJޑᙯඤਏ౗(0.87ʘ)ܴᡉଯܭᚈቫ่

ᄬ(0.75ʘ)Ƕ 

ޑᓬᗺǴ΋ঁཥޑ(ᚈቫ่ᄬکBHJ)ޣٿ࡭Αᆢࣁ     p-i-n่ࠠᄬς

εεׯ๓೛ഢૈ܄ޑǴӧЎ᝘ [8]ǶдॺΨගрΑӧ p-i-n่ࠠᄬකΕ

CuPcǺC60ޑషӝቫӧ CuPcک C60ϐ໔ޑ໺ᒡቫᖓጢǴаගଯᙯඤਏ

౗Ǵவ 0.75ʘȐᚈቫ่ᄬȑک 0.87ʘȐBHJ่ᄬȑԿ 1.17ʘȐp-i-n

่ࠠᄬȑӧྣܴமࣁࡋ 1 sun (100 mW/cm 2 )Ƕ 

    ᗨฅ࿶җঅ่ޑࡕׯᄬёаගଯϡҹ܄ޑ ǴૈՠࢂԖᐒъᏤᡏޑ

લᗺǴٯӵ࣬ځჹեႝ಻ၩη໺ᒡǴϝฅӸӧǶၨอޑғຼڮයکၨ

եޑᎂ౽౗ज़ڋΑЬ୏ቫޑനεࡋࠆǵӀޑ֎ԏǵၩηޑᆫ໣ǶӢԜǴ

ೱௗคᐒቫъ೸ܴႝԣٰှ،೭٤ୢکᄬ่ޑ᠄୴ঁٿॺճҔך

ᚒǶՍᖄႝԣޑ໒ၡႝᓸ(VOC)൳Я฻؂ܭ΋ঁᐱԾϡҹޑᕴӝǴՠ

ϡҹǶ᏾ᡏԶޑ؂ঁᐱԾܭᇻλ(JSC)ࡋஏࢬอၡႝޑǴՍᖄႝԣࢂ
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 ᐱҥϡҹ[8] [9]Ƕޑ΋ൂܭф౗ᙯඤਏ౗ଯޑǴՍᖄႝԣق

    ќѦǴӄШࣚԖࡐӭიᡏගрҔԖᐒکคᐒ׷਑่ޑᄬٰቚуϡ

ҹޑᙯඤਏ౗Ǵ೸ၸճҔԖᐒ׷਑ޑଯӀᏢ֎ԏ܄፦کคᐒ׷਑ؼޑ

ӳၩηၮᒡૈΚ੝[10] ܄ǶନΑঅׯϡҹ่ޑᄬǴ೚ӭიᡏΨ჋၂

ΑӭᅿБݤගଯф౗ᙯඤਏ౗Ǵӵᄞᚇᚇ፦аගଯਏ౗[11]Ǵቚу֨

ቫаගଯၩη໺ᒡ [12] - [14]฻Ƕ 

 

1-2  ୏ᐒᆶीჄ୏ᐒᆶीჄ୏ᐒᆶीჄ୏ᐒᆶीჄزࣴزࣴزࣴزࣴ

    ໺಍ൂޑ඲౦፦ௗय़ OPV cell٬ҔᐟηߔᏲቫȐߔࢰႝ܈ᏲቫǴ

HBLȑߔᏲႝࢰ-ႝηӧ഍ཱུፄӝǴՠѬόૈѳᑽ໚ཱུک഍ཱུႝ಻ԏ

໣ਏ౗ǴӢԜ PCEࢂԖज़ޑǶӧፕЎ[15] Ǵ္ࣴ ᏲቫǴᒴȐ˨ȑߔηႝز

儛๭ȐSnPcȑ/ C60ޑ OPV cellϸᔈቫǴՠ׷਑ૈޑ஥ၸܭ੟ઞԶό

ૈԖਏߔᏲႝηႝࢰፄӝǶ 

    ӧ೭໨ࣴزύǴךॺϟಏΑ΋٤ቨ-ૈ஥׷਑аගଯ OPV cellޑ

ਏ౗Ƕଆ߃Ǵךॺ၂კډפനޑ٫ϸᔈቫࡋࠆӧൂ΋ࡼᡏ-ڙᡏௗय़

ޑ OPV cellǶ၀ϡҹ่ᄬ Glass/ITO / CuPc/C60/BCP/AlǴځύа CuPc

྽ႝηࡼᡏቫචวܭ ITO Ꮴႝ࣒ዟϐ΢ک C60բႝࣁηڙᡏቫǴ2,9

ΒҘ୷- 4 ,7 –ᖄश- 1Ǵ10-ᎃ๷ᛥ㭱(2,9-dimethyl-4,7-diphenyl-1,10- 

phenanthroline)ȐBCPȑ྽଺ᐟηߔᏲቫȐHBLȑǴ᎑բࣁ഍ཱུǶ 

ࡴᏲቫǴхߔॺකΕ΋ঁቨ-ૈ஥ႝηךԛǴځ     m - MTDATAǴ
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MeO- TPDϷ IrȐppzȑ3ǶࣁΑᢀჸдॺޑอၡႝࢬஏࡋȐJSC)Ǵ໒ၡ

ႝᓸ(VOC)Ǵ༤кӢηȐFFȑکф౗ᙯඤਏ౗(PCE)ǶϐࡕǴךॺᒧ᏷

Αന׷ૈ܄ޑ٫਑բႝࣁηߔᏲቫǶ 

    ฅࡕǴךॺ჋၂ᄞᚇ pentaceneӧ ITO /m- MTDATA / 

CuPc/C60/BCP/Al่ᄬ္ޑ CuPcቫǴаගଯႝޑࢰᎂ౽౗ٰѳᑽӧࡼ

ᡏᆶڙᡏϐ໔ၩηޑᎂ౽౗ǴЪёаቹៜၩηԏ໣ਏ౗Ƕ 

    നࡕǴךॺፓ௓ӧ OPV cell္ pentaceneޑന٫ᐚࡋǴᢀჸޑന

٫อၡႝࢬஏࡋ JSCǴ໒ၡႝᓸ(Voc)Ǵکф౗ᙯඤਏ౗(PCE)Ƕ 
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ಃΒകಃΒകಃΒകಃΒകԖᐒ౦፦ௗय़ϼ໚ૈႝԣԖᐒ౦፦ௗय़ϼ໚ૈႝԣԖᐒ౦፦ௗय़ϼ໚ૈႝԣԖᐒ౦፦ௗय़ϼ໚ૈႝԣ 
 
 

2-1 ϼ໚Ӏ᛼ϼ໚Ӏ᛼ϼ໚Ӏ᛼ϼ໚Ӏ᛼ 

    ӀҷႝԣૈޑໆٰྍٰԾϼ໚ӀǴځமکࡋᓎ᛼،ۓΑӀҷႝԣ

ᒡрႝࢬᆶႝᓸǶ҅ӵךॺޕၰǴӧϼ໚Ӏྣޑ৔ϐΠǴԖٿᅿ׎Ԅ

ёௗԏВӀǴ΋ঁޔࢂௗޑ໚Ӏྣ৔Ǵќ΋ঁࢂ߾ᙖҗ΋٤ಈηණ৔

ϼ໚ӀډӦౚ߄ޑय़Ƕ΋૓ٰᇥǴӀҷႝԣ܌ޑԖΕ৔Ӏྍޑ 80ʘ

 ௗΕ৔ϼ໚ӀǶޔԾٰࢂ

    ϼ໚ӀޑӀ᛼کமࡋёа߄౜ӧᓎ᛼ᒟ৔΢Ƕϼ໚Ӏޑமࡋ

ȐW/m2ȑࢂᓎ᛼ᒟ৔Π܌ԖޑߏݢᕴӝǶฅԶǴᓎ᛼ᒟ৔کෳໆޑ

Տ࿼ࢂᆶϼ໚ӀΕ৔ډӦౚ߄य़ࡋفޑԖᜢǶӢԜǴ೭ޣٿՏ࿼فک

਻፦ໆ(air mass)ȐAMȑǶAM0ޜࣁကۓ೏ࡋ فΕ৔ࢂݩ௃ޑ 90°Ъ

ϼ໚ӀጕٰԾѦϼޜǴځமࡋऊ1353 ࣁ W/m2 ࣬྽ӧӀྍΠ 5800K

໵ᡏᒟ৔ǶAM1 فϼ໚ӧӦѳय़҅΢Б(Ε৔ࢂ ࡋமځӦय़Ǵޑ(90°

ऊ 925 W/m2ਔǶAM1.5 ϼ໚ӧӦѳय़ࢂ׎௃ࢂ 48°΢БޑӦय़Ǵځ

மࡋऊ844 ࣁ W/m2Ƕӧ΋૓௃ݩΠǴךॺճҔ AM1.5 жޑ߄ѳ֡ྣ

Ң܌य़Ǵӵკ߄Ӧౚޑ໚ӀΠࡋ 1-2Ƕ 
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2-2 คᐒϼ໚ૈႝԣπբᐒڋคᐒϼ໚ૈႝԣπբᐒڋคᐒϼ໚ૈႝԣπբᐒڋคᐒϼ໚ૈႝԣπբᐒڋ 

    Ӏҷႝԣޑπբᐒࢂڋ 20Шइ 30ԃж܌߃ᢀჸǶдॺว౜Ǵቚ

уӀྣచҹΠǴႝԣႝှనࢬႝޑ཮ቚуǴΨ᛾ܴΑӀҷਏᔈǶ 20

ԃࡕǴChapin, Fuller ک Pearsonӧنᅟჴᡍ࠻ӧऍ୯ғౢрಃ΋Ѡ

аࣁޖ୷ۭޑϼ໚ૈႝԣǴځ PCEѝԖ 6ʘǶ   

   നᙁൂ่ൂޑ඲ޖȐsc- SiȑޑӀҷႝԣǴ௦Ҕ sc -Siཀښ๱܌Ԗ

ޑ௨ӳǶ΋૓୷݈ࡓচηೕޖޑ sc-Siϼ໚ૈႝԣࢂᄞᚇϿໆ࿝চη

ޑ pࠠъᏤᡏǶฅࡕǴךॺёаճҔଯྕᘉණޑБԄᘉණᕗচηǴځ

ᐚࡋଯܭ࿝Ǵӧ pࠠ୷݈׎ԋ΋ঁ p-nௗय़ǶԶЪǴp-nௗय़ࢂҗࡼ

ᡏᚆη஥҅ႝ಻Ǵڙᡏᚆη஥ॄႝ಻ǶϣႝࡌՏޑӸӧ׎ԋ҅ॄᚆη

 ໔ႝ಻୔(S.C.R.)ǶޜၩηǴᆀᒏޑՏόх֖ё౽୏ႝࡌՏ࿼ǴЪϣޑ

    ೏໚Ӏྣ৔ޑډъᏤᡏǴӀηஒගૈٮໆǴႝηவሽႝ஥ᐟวډ

Ꮴႝ஥ǴӢԶౢғႝηႝࢰჹǶϣႝࡌՏޑфૈࣁӧፄӝϐ߻Ǵϩ໒

p-nௗय़ႝޑηႝࢰჹǴϐࡕωౢғӀႝࢬǴѬёа೯ၸߎឦௗ᝻ p-n

ௗय़Βཱུᡏ໺ଌॄډၩႝၡǶӵ΢܌ॊǴ೭ࢂӀҷႝԣޑ୷ҁޑπբ

চ߾Ƕӵ݀ךॺೱௗᏤጕډӀҷႝԣǴ׎ԋ΋ঁൻᕉǴౢғࢬႝޑஒ

೯ၸӀҷႝԣॄޑၩႝၡ٠Ъ׎ԋӀҷϼ໚ૈႝԣޑᐒڋǶӀҷႝԣ

คӀྣਔႽࢂ੝ᗺޑ p-nΒཱུᡏǴΒཱུᡏႝႝࢬᓸޑ౛གྷБำԄёа

ᡉҢӧБำԄ(1) 
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                        ( 1)
qV

nkT
SI I e= −                    (1) 

ύځ     ISࢂ଍ӛୃᓸႫࢬႝکǴk ηႝ಻Ǵηႝࣁ૟ୗதኧǴqݢࢂ

ӢનǴTޑ౛གྷࢂ ΠǴKT/ qྕ࠻Ƕӧࡋྕࢂ ऊࢂ 0.026VǶ 

    ྣӀࡕǴӀҷႝԣޑ p-nௗय़ΒཱུᡏౢғӀႝࢬǶҗܭӧ p-nΒ

ཱུᡏޑϣႝࡌՏБӛࢂҗ pࠠӛ nࠠǴႝηරӛ pࠠǴႝࢰරӛ nࠠ

வࢬԋӀႝ׎ nࠠᆄډ pࠠᆄǶԶӀҷႝԣႝࢬႝޑᓸёаᡉҢӧБ

ำԄ(2)Ǵځ౛གྷޑ฻ਏႝၡΨёаᡉҢӧკ 2-1Ƕ 

                        ( 1)
qV

kT
S LI I e I= − −        (2) 

 

2-3 คᐒϼ໚ૈႝԣ੝܄ϩ݋คᐒϼ໚ૈႝԣ੝܄ϩ݋คᐒϼ໚ૈႝԣ੝܄ϩ݋คᐒϼ໚ૈႝԣ੝܄ϩ݋ 

2-3-1 ໒ၡႝᓸ໒ၡႝᓸ໒ၡႝᓸ໒ၡႝᓸ(VOC) 

ӵ݀ӧӀྣచҹΠǴ໚ཱུᆶ഍ཱུޑ p-nΒཱུᡏᘐ໒Ǵځਏ݀ё׎

ԋ໒ၡǴ٠ӧ pࠠ୔္ಕᑈၸໆႝηᆶӧ nࠠ୔္ၸໆࢰႝޑǴᏤठ

Αӧ pࠠߎឦௗ᝻Кӧ nࠠߎឦௗ᝻ԖၨଯႝޑՏǶฅࡕǴVOC೏ۓ

ကࣁόӕޑ໚ཱུک഍ཱུϐ໔ႝޑᓸǴ೭܌ࢂᒏޑӀႝᓸǶ྽ᕴႝࢬ I

 БำԄȐ3ȑډᡂБำԄȐ2ȑׯॺёаך႟ਔǴܭ฻ࢂ

                                        (3) 

 

2-3-2 อၡႝࢬอၡႝࢬอၡႝࢬอၡႝࢬȐȐȐȐISCȑȑȑȑ 

    ӧΒཱུᡏޜޑЮ୔္ǴϣႝࡌՏޑБӛҗ N ډࠠ PࠠǶ྽໚ཱུک
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഍ཱུೱௗӧ΋ଆǴ׎ԋอၡޑ௃ݩΠǴҗܭϣႝࡌՏ٬ளႝηᅆ౽ډ

nࠠቫǴႝࢰᅆ౽ډ pࠠቫǶඤѡ၉ᇥǴӧྣӀޑ௃׎ΠǴᅆ౽ႝࢬ

൩܌ࢂᒏޑӀႝࢬǴѬࢂӀҷႝԣޑЬाႝྍٰࢬǶӧอၡ௃ݩȐႝ

ᓸ= 0ȑǴISC฻ܭ -ILǶ 

 

2-3-3 ф౗ᙯඤਏ౗ф౗ᙯඤਏ౗ф౗ᙯඤਏ౗ф౗ᙯඤਏ౗(PCE) 

    Ӏҷႝԣޑᒡрф౗ࢂҗᒡрႝکࢬᒡрႝᓸౢ܌ғޑǴᡉҢӧ

БำԄ(4) 

               ( 1)
qV

kT
S LP IV I V e I V= = − −                   (4) 

    வБำԄȐ4ȑǴёޕᒡрф౗όࢂ΋ঁதኧǴځॶёаၲډനଯ

ޑ PmaxǶךॺёа٬Ҕཱུॶӧ dP/dV = 0БำԄȐ4ȑа،ۓ PmaxᗺǶ

БำԄࣁࢬനଯᒡрႝکനଯᒡрႝᓸБำԄȐ5ȑډॺᗋёаளך

Ȑ6ȑǶ 

                                                        (5)   

 

                                                        (6)                                       

    ԜѦǴךॺёаளډനଯᒡрф౗ᡉҢӧБำԄȐ7ȑǶϼ໚ૈ

ႝԣޑᙯඤਏ౗೏ۓကࣁᒡрф౗КᒡΕф౗ޑॶǴᒡΕф౗ࢂΕ৔

ϼ໚Ӏޑф౗ǴӧБำԄȐ8ȑǶךॺёаډפ JSCǴVOCǴVPMAXǴIPMAX

ࡋǺӀமࣁᒡΕф౗చҹޑനεф౗ᗺǴᡉҢӧკ 2 - 2Ƕᓎ౗ک
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100(mW/cm2)Ǵ኱ྗୖԵӀ᛼Ǵྕ25 ࡋʚǶ኱ྗྣࡋॶ٬ޑҔ࣬ࢂ

྽ޑБߡǴ܌аႝԣԭϩКਏ౗ޑኧॶ฻ܭᒡрႝԣф౗(mW/cm2)Ƕ 

                                                        (7) 

                                                        (8) 

2-3-4 ༤кӢη༤кӢη༤кӢη༤кӢη(FF) 

    ٣ჴ΢Ǵ܌ԖޑӀҷႝԣ೿Ӹӧ๱ՍᖄႝߔȐRsaȑ٠کᖄႝߔ

ȐRshȑǶӀҷႝԣޑ RsaхࡴъᏤᡏ׷਑ߔႝޑǵъᏤᡏޑௗ᝻ǵ

഍ཱུϐک໚ཱུޑӀҷႝԣܭӸӧࢬឦᆶႝཱུǶඤѡ၉ᇥǴ΋٤ᅅႝߎ

໔ǴࢬႝځόႽ౛གྷ p-nΒཱུᡏ೯ၸ΋ኬǴԶࢂ཮Ԗ෧১ޑ௃ࠠǴӵ

ౢғ-ፄӝႝࢬǵ߄य़ፄӝႝکࢬόֹ᏾ޑᜐጔ႖ᚆǶӧ΋૓௃ݩΠǴ

Rshёа೏ۓကࣁӧӀҷႝԣޑᅅႝࢬǴ೭ཀښ๱ၨଯޑ RshԖၨե

ǶӧԵቾࢬᅅႝޑ Rsaک Rshޑ฻ਏႝၡკ 2-3ϐΠǴႝႝࢬᓸБำ

Ԅ(2) ёаঅׯԋБำԄ(9)ǶӢԜǴךॺёаۓက΋ঁୖኧǴFill 

Factor(FF)Ǵх֖ Rsaک RshޑቹៜǶ၀БำᡉҢӧБำԄȐ10ȑǶ 

                                                        (9) 

 

                                                       (10) 

 

2-4 Ԗᐒϼ໚ૈႝԣޑπբᐒڋԖᐒϼ໚ૈႝԣޑπբᐒڋԖᐒϼ໚ૈႝԣޑπբᐒڋԖᐒϼ໚ૈႝԣޑπբᐒڋ 

OPV cellޑ୷ҁπբᐒڋᡉҢӧკ 2.4 
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1.Ӏ֎ԏӀ֎ԏӀ֎ԏӀ֎ԏǺǺǺǺ 

    ࿶ၸӀ֎ԏޑԖᐒ׷਑Ǵႝηӧϩηޑനଯૈໆ՞Ᏽॉၰ

ȐHOMOȑёа೏ᐟวډϩηޑനեૈໆޜલॉၰȐLUMOȑౢғ΋

ঁ೏״ᑛႝޑηႝࢰჹǴᆀࣁᐟηǶҗܭԖᐒ׷਑ሡڀԖၨଯૈໆޑ

ॉၰӀ֎ԏǴԖᐒቫࡋࠆޑ໻Ԗ 100nmૈᕇளၨӳޑ֎ԏਏ౗(60ʘ

Կ 90ʘ)ǶԖᐒ׷਑ޑനࡋࠆ٫ᔈ၀ᆶԖᐒ׷਑ᐟηᘉණ࣬ࡋߏӕǶ

ԜѦǴלϸ৔༡ቫޑᔈҔё෧ϿӀጕவϡҹ߄य़ޑϸ৔ཞѨǴ٠ճҔ

ԖਏޑӀᏢ೛ഢǴӵ᜔ТǴёа໣ύΕ৔Ӏډϡҹ΢Ǵၲډଯᐚ٠ࡋ

ቚуႝԣޑф౗ᙯඤਏ౗Ƕ 

 

2.ᐟηᘉණᐟηᘉණᐟηᘉණᐟηᘉණǺǺǺǺ 

    ౛ፕ΢ǴΕ৔Ӏౢғᐟηёа೏ᘉණډௗय़ϩᚆԋԾҗၩηǶ٣

ჴ΢ǴӧԖᐒቫޑҺՖӦБǴᐟη೏ౢғ٠ЪᒿཀᘉණǶӵ݀ᐟηౢ

ғӧԖᐒቫ׀ޑᆄǴᐟηᘉණࡋߏԿϿᔈ฻ܭԖᐒቫࡋࠆޑǴᐟηፄ

ӝஒ཮ቚуǴ೷ԋᐟηӧᘉණၸำύค߄ډၲݤय़Ƕ୷ҁ΢ǴԖᐒ׷

਑ޑᐟηᘉණࡋߏऊࣁ 10 nm[16]Ƕ 

 

3.ႝ಻ϩᚆႝ಻ϩᚆႝ಻ϩᚆႝ಻ϩᚆǺǺǺǺ 

    ᘉණႝډηࡼᡏ /ႝηڙᡏ߄ޑय़ϐࡕǴҗܭ౦፦ௗय़္ႝηࡼ

ᡏቫႝکηڙᡏቫϣႝࡌՏౢޑғ٬ளᐟηϩᚆ׎ԋԾҗၩηǶԶϣ
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Ǵӵ݀ႝՏࢂǶՠޑᄬԋ܌ኧৡڄфޑ਑׷ᡏڙᡏᆶࡼܭҗࢂՏႝࡌ

ৡႝکηᒃکΚό୼εǴᐟηஒ཮ଏӣനϣቫញܫӀᆶ዗ǴЪคౢݤ

ғҺՖӀႝࢬǶᚈቫϡҹޑ੝ൂࢂ܄౦፦ௗय़ᆶ࣬྽λޑௗय़य़ᑈǴ

ӢԜᐟηሡाᘉණԖज़ޑຯᚆωёаၲډௗय़Ǵ׎ԋԾҗၩηǶBHJ

่ᄬቚуࡼᡏ/ڙᡏޑ౦፦ௗय़य़ᑈکᐟηޑϩᚆ౗ǶฅԶǴԖᐒъ

Ꮴᡏ׷਑ޑҬࣚय़ߎکឦႝཱུҭёа٬ᐟηϩᚆǴՠϩᚆ౗࣬྽եǶ 

 

4.ႝ಻ԏ໣ႝ಻ԏ໣ႝ಻ԏ໣ႝ಻ԏ໣ǺǺǺǺ 

ڙᅆ౽ǶႝηவႝηޑՏ೷ԋԾҗၩηႝࡌǴϣࡕϩᚆϐޑࢰႝ    

ᡏቫډ഍ཱུǴႝࢰவႝηࡼᡏቫډ໚ཱུǶ΋૓ٰᇥǴךॺёа௽ᙯӧ

ITO ໚ཱུ΢ޑᖓᆫΌ౎Β਼䇃֊ᆶᆫशΌ౎ᕘለ(polyethylene 

dioxythiophene doped with polystyrene-sulfonic acid)ȐPEDOTǺPSSȑ܈഍ཱུ

΢ᇃᗓᖓ LiF ᖓጢаቚуӀႝࢬǴගଯႝηޑࢰႝکԏ໣کϡҹޑф

౗ᙯඤਏ౗Ƕ 

 

2-5 Ԗᐒϼ໚ૈႝԣ੝܄ᆶϩ݋Ԗᐒϼ໚ૈႝԣ੝܄ᆶϩ݋Ԗᐒϼ໚ૈႝԣ੝܄ᆶϩ݋Ԗᐒϼ໚ૈႝԣ੝܄ᆶϩ݋ 

    ჹҺՖӀҷႝԣٰᇥǴསႝޑࢬ੝ࢂ܄΋ঁ࣬྽ख़ाӢનǶOPV 

cellۓ،ૈ܄ޑΑ VOCǴISCǴFFǴΕ৔Ӏᙯඤԋႝޑࢬਏ౗ȐIPCEȑ

ک PCEǶ 
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2-5-1 སႝࢬ੝܄སႝࢬ੝܄སႝࢬ੝܄སႝࢬ੝܄ 

    ӧؒԖྣӀϐΠ OPV cell൩Ⴝද೯ޑΒཱུᡏǶךॺёаۓကޑ

RsaǴRshک౛གྷ߯ኧ(n)Ƕ२ӃǴךॺёаᢀჸӧ V = ± 1 VϐΠႝԣ

ޑࢬႝ Rshᡂϯ[17] [18]ǶฅࡕǴךॺёаঅׯསႝࢬБำԄ(11)Կ

(12)Ǵ྽ V > 0.1VǴҭёҔБำԄ(13)߄ҢǶךॺёаᙖҗ׷਑کᖓ

ጢࠔ፦ளۓ،ډ OPV cellޑ౛གྷ߯ኧǶฅࡕǴவБำԄ(14)Ǵߚ౛གྷ

ޑ I-V ੝܄ǴךॺёаᙯඤБำԄ(14)Կ(15)کуΕՍᖄႝߔ Rsa 

=Rs×A 

                                      (11)  

                                      (12) 

                                      (13) 

                                      (14) 

                                      (15) 

                                       

2-5-2 ໒ၡႝᓸ໒ၡႝᓸ໒ၡႝᓸ໒ၡႝᓸ(VOC)  

    ӧ΋٤ፕЎύǴOPV cellޑ VOCܭ،ڗԖᐒวӀΒཱུᡏόӕޑ໚

ᡏ౦፦ௗڙ/ᡏࡼว౜ǴOPV cellൂ΋ޣኧৡǶ೚ӭᏢڄ഍ཱུфکཱུ

य़ޑ VOCႝܭ،ڗࢂηࡼᡏቫаϷႝηڙᡏቫޑ LOMO [19] [20]Ƕ 
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2-5-3 อၡႝࢬอၡႝࢬอၡႝࢬอၡႝࢬ(ISC)  

    ӧྣӀϐΠǴόуୃᓸǴ߾ OPV cellࢂᆶϼ໚ӀޑΕ৔மࡋԋ҅

КǶӧൂ΋ࡼᡏ-ڙᡏ౦፦ௗय़ޑ OPV cell္Ǵ׷਑੝܄ǵԖᐒቫௗ

य़ǵႝཱུکϸᔈቫࡋࠆ໔ௗቹៜΑ ISCᆶၩηᎂ౽౗ǵᘉණࡋߏǵғ

ϣ೽ໆηਏ౗ȐIQEȑёаҔБำԄȐ16ȑٰीޑයǶOPV cellຼڮ

ᆉǶ 

            IQE A ED CT CCη η η η η=         (16) 

    ηIQEࢂϣ೽ໆηਏ౗ǴѬжޑ߄ԭϩКࣁΕ৔ӀᙯඤࣁԾҗၩ

η;ηA ಻ϩႝࣁၮ୏ਏ౗ǹηCTޑᐟηᅿᜪࣁԏਏ౗ǹηED֎ޑϡҹࣁ

ᚆਏ౗ǹηCCႝࣁ಻ԏ໣ਏ౗ǹdࣁԖᐒᖓጢࡋࠆǶϡҹޑໆηਏ౗

җࢂ ηAǵηEDǵηCTǵηCC܌ᄬԋޑǴᡉҢӧБำԄ(17)-(18)Ƕ 

                             1 ad
A eη −= −                      (17) 

                             
/ Dd L

ED eη −=                     (18) 

    Ԗᐒ׷਑ࡋࠆޑቹៜ OPV cellࢬႝޑਏ౗Ƕ҅ӵךॺޕၰǴᖓ

ጢޑ֎ԏుࡋε׷ܭ਑ޑᐟηᘉණࡋߏ(LD)Ƕ྽ךॺቚуԖᐒ׷਑ޑ

کࡋ਑֎ԏు׷Ǵࡋࠆ ηA ёа೏ቚуǶԜѦǴηEDёૈӢࣁ೽ϩޑᐟ

ηคݤᅆ౽೷ԋϩᚆԋႝ಻ਏ౗फ़եǴ຾Զफ़եΑ᏾ঁ ηIQEǴ೭ज़ڋ

Αൂ΋ࡼᡏڙᡏ౦፦ௗय़ OPV cellޑ PCEǶԶᏢޣ౜ӧزࣴޑख़ᗺ

Бӛࢂाගଯ؂΋೽ϩޑ ηਏ౗Ƕ 
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2-5-4 ᙯඤਏ౗ᙯඤਏ౗ᙯඤਏ౗ᙯඤਏ౗(PCE)  

    OPV cellޑ PCEᆶคᐒ PV cellԖ࣬ӕۓޑကǶӧᒡрф౗നଯ

ޑ PMAX ϐΠǴനଯᒡрႝᓸࢬႝکǴёҔБำԄ(5)Ϸ(6)߄ҢǶനଯ

ᒡрф౗ᡉҢӧБำԄ(7)ႝکԣޑ PCEᡉҢӧБำԄ(8)Ƕ 

 

2-5-5 ༤кӢη༤кӢη༤кӢη༤кӢη(FF)  

    OPV cellޑ FFᆶคᐒ PV cellҭԖ࣬ӕۓޑကǴځБำԄک฻ਏ

ႝၡǴᡉҢӧБำԄ(10)کკ 2 - 3Ƕ҅ӵךॺޕ܌ǴЬाቹៜϡҹޑ

FFޑӢનࣁ Rsaک RshǶࣁΑᕇளၨଯޑ FFךॺѸ໪फ़ե RsaЪቚ

у RshǶӧൂ඲౦፦ௗय़ޑ OPV cell္ǴԖᐒϩηޑଯೕࡓ௨ӈᆶଯ

่඲ࡋёаफ़եၩηޑഐٝ໺ሀᆶϡҹޑ RsaਏᔈǶ֡ Ϭᄞᚇᆶեഐ

ЪቚуࢬᅅႝޑԖᐒᖓጢёаफ़եϡҹޑٝ RshǶ 

 

2-6 ӀҷӀҷӀҷӀҷႝԣޑໆෳႝԣޑໆෳႝԣޑໆෳႝԣޑໆෳ 

2-6-1 ф౗ᙯඤਏ౗ф౗ᙯඤਏ౗ф౗ᙯඤਏ౗ф౗ᙯඤਏ౗(PCE)  

    OPV cellޑԖਏໆෳБݤǴᔈ၀ෳໆӧྣӀਔᆶӧ໵སਔǴႝࢬ

ႝᓸ(I-V)ԔጕკǶӧ໵སਔޑෳໆచҹΠǴךॺளډᆶ΋૓ޑΒཱུᡏ

࣬ӕޑ IV ੝܄ԔጕǶӧӀྣෳໆచҹΠǴךॺёаډפ IV ੝܄Ԕጕ

ޑനεф౗ᗺǴ٠ीᆉрႝԣޑ PCEǶ 

     



ቨૈሜႝηߔᏲቫׯ๓Ԗᐒϼ໚ૈႝԣਏ౗ 

16 
逢甲大學學生報告 ePaper(2011年) 

2-6-2 ֎ԏӀ᛼֎ԏӀ᛼֎ԏӀ᛼֎ԏӀ᛼ 

    Ԗᐒ׷਑ޑ֎ԏӀ᛼ޑёҔ๋Ѧ/ёـϩӀӀࡋीٰෳۓ 

(V- 670)Ǵߏݢځጄൎࣁ 190Կ 2700nmǶ 

 

2-6-3 চηΚᡉ༾᜔চηΚᡉ༾᜔চηΚᡉ༾᜔চηΚᡉ༾᜔(AFM)  

    চηΚᡉ༾᜔ȐAFMȑP7LSس಍ёаෳໆӧᖓጢ߄य़ރᄊǶ 

    চηΚᡉ༾᜔ޑϸᔈࢂճҔঁٿচηϐ໔ޑΥቺґΚǴѐև౜ኬ

ҁ߄य़ޑ੝܄ǶচηҬϕբҔ཮ᒿ๱όӕຯᚆԶׯᡂǴӵკ ҢǶ܌2-5

চηޑຯᚆёҔБำԄȐ19ȑ߄ҢǶ 

                                      (19) 

    σࢂচηޔޑ৩Ǵr ຯᚆǴԶޑচηϐ໔ঁٿࢂ εࢂໆηϔޑు

߾႟ܭǶਥᏵ΢ॊБำԄǴ྽ૈໆεࡋ r Πफ़Ǵжঁٿ߄চηϐ໔ޑ

ຯᚆߚதௗ߈ǴϸϐǴቚу r ཮٬ளૈໆλܭ႟Ǵжঁٿ߄চηϐ໔

চঁٿ௨ѾΚीᆉр܈ॺёаᙖҗ֎ЇΚךᇻǶӢԜǴޑຯᚆ࣬྽ޑ

ηϐ໔ޑຯᚆǶ 
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ಃΟകಃΟകಃΟകಃΟക Ԗᐒϼ໚ૈႝԣޑᇙำԖᐒϼ໚ૈႝԣޑᇙำԖᐒϼ໚ૈႝԣޑᇙำԖᐒϼ໚ૈႝԣޑᇙำ 
 

 

ӧ࣒ዟ୷࡭ߥమዅၸำǴаޑॺ٬Ҕ኱ྗךΑᇙ೷೭٤ϡҹǴࣁ    

݈΢પϯǴᙖҗຬᖂݢӧ౦Чᎇଚᆒ(IPA)ਁ୏ǴЧ✉ǴҘᎇکѐᚆ

ηНǴаѐᚆηНؑࢱӆҔપේ਻֌ଳǶаΠࣁᇙբޑѤঁ؁ᡯǺ 

  (1) ႣࢱႣࢱႣࢱႣࢱ(pre-clean)਼ϯ⥲ᒴ࣒ዟ୷਼݈ϯ⥲ᒴ࣒ዟ୷਼݈ϯ⥲ᒴ࣒ዟ୷਼݈ϯ⥲ᒴ࣒ዟ୷݈ǶǶǶǶ 

  (2) ਼ϯ⥲ᒴޑᇑ਼څϯ⥲ᒴޑᇑ਼څϯ⥲ᒴޑᇑ਼څϯ⥲ᒴޑᇑڅǶǶǶǶ 

  (3) ๋Ѧૌ਼ೀ౛๋Ѧૌ਼ೀ౛๋Ѧૌ਼ೀ౛๋Ѧૌ਼ೀ౛ǶǶǶǶ 

  (4) Ԗᐒ዗ᇃᗓԖᐒ዗ᇃᗓԖᐒ዗ᇃᗓԖᐒ዗ᇃᗓǶǶǶǶ 

 

3-1 Ⴃ࣒ࢱዟ୷݈Ⴃ࣒ࢱዟ୷݈Ⴃ࣒ࢱዟ୷݈Ⴃ࣒ࢱዟ୷݈ 

    మዅ࣒ዟ୷݈ࢂ΋ঁЬाቹៜ OPV cellޑૈ܄ӢનǶҗܭሡा

ଯዅృکࡋଯ೸ܴ࣒ޑࡋዟ୷ Ǵ݈ךॺᔈ၀٬ҔΠӈำׇమନӧ࣒ዟ

୷݈߄य़܌ޑԖᚇ፦Ƕ२ӃǴஒ୷݈ܫ࿼ӧ IPA ္ӆճҔຬᖂਁݢ୏

Ꮤਁ୏ 5ϩដǶځԛǴډܫЧ✉ӆ᎜୏ډ 5ϩដǶӆޣǴ୷݈ډܫҘ

ᎇ္Ǵ΋ኬ᎜୏ 5ϩដǶௗ๱Ǵע୷݈ډܫѐᚆηН္Ǵਁ୏ 5ϩដǴ

൩ёаమූࢱ੮ӧ୷݈߄य़ޑԖᐒྋనǶௗ๱Ǵךॺ֌Εપේ਻аଳ

ᔿ୷݈ǶനࡕǴஒ୷݈ܫ࿼ӧ 100ʚޑ᝗ᆅ္Ǵᅰёૈٰᇃว୷݈߄

य़НϩූᎩǶ 
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3-2 ਼ϯ⥲ᒴኳԄᇙբ਼ϯ⥲ᒴኳԄᇙբ਼ϯ⥲ᒴኳԄᇙբ਼ϯ⥲ᒴኳԄᇙբ 

    ଆ߃ǴITO ࣒ዟ୷݈ሡाᆶ 3-1࿯ޑమࢱၸำ࣬ӕǶځԛǴךॺ

٬Ҕ኱ྗӀೌמڅᄬԋ ITO ഍ک໚ཱུޑय़߄ ǶཱུӆޣǴךॺճҔ 60ʚ

څ዗ᡶለྋనǴᇑޑ 40ࣾаѐନҔόޑډ ITOǴځύᡶለྋనࢂҗ

ѐᚆηНک 37%ɴ38ʘޑᡶለа 3:7КٯషӝԶԋǶௗ๱Ǵךॺஒ ITO

࣒ዟ୷݈੆ݰӧЧ✉ྋనаѐନ ITO ॺӧךǴࡕǶനߔӀޑय़΢߄

ITO ࣒ዟ୷݈߄य़ख़଺࣬ӕޑႣࢱၸำςమନԖᐒූ੮ނᆶಈηǶ 

 

3-3 ๋Ѧૌ਼ೀ౛๋Ѧૌ਼ೀ౛๋Ѧૌ਼ೀ౛๋Ѧૌ਼ೀ౛ 

    ӧᇑڅಉᕫޑ ITO ߄य़ਔѸ໪λЈǴݙཀᐚࡋǵྕࡋǵᇑޑڅ

ਔ໔ǴЪाᗉխӢਔ໔ၸߏ೷ԋӧวӀ୔р౜໵ՅඬᗺǶό٬Ԝ௃׎

วғޑБࢂݤҔ׳ѳྖޑ ITO ԖᐒಈηǶӢԜǴޑय़΢߄य़ᆶ෧Ͽ߄

ޑ࿼మዅၸܫሡा߻ᑈԖᐒᖓጢϐ؈ॺӧך ITO ࣒ዟ୷๋݈ډѦૌ

࠻਼ 15ϩដаׯ๓ ITO  Ƕࡋय़ಉᕫ߄ޑ

 

3-4 کᑈԖᐒᖓጢ؈کᑈԖᐒᖓጢ؈کᑈԖᐒᖓጢ؈کᑈԖᐒᖓጢ؈ Al ഍ཱུ഍ཱུ഍ཱུ഍ཱུ 

࿼ӧܫ਑׷ឦ഍ཱུǴ٠ஒ೭٤ߎک਑׷Ԗᐒޑॺᒧ᏷ёҔך     3 × 

10-6 Torrޑ዗੿࠻ޜǶךॺவᙺጕ୮ډҡमڴൖу዗Ъᆢ࡭ᇃᗓೲࡋ

؂ࣾऊ 0.5-2ÅǶԖᐒ዗ᇃวᏔس಍ӵკ  ҢǶ܌3-1

    ϐࡕǴךॺҔ׿ηᒧ᏷ m-MTDATAǴMeO-TPDǴIrȐppzȑ3Ǵ
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CuPcǴC60Ǵک BCPǴฅࡕӧܜԋଯࡋ੿ޜϐ߻ஒдॺډܫҡमڴᗙ

ύǶ೯தǴךॺճҔᜢഈ٬ނᇃᗓ׷਑ଶЗډޔԖᛙۓᇃᗓޑೲࡋǴ

аளډᖓጢࡋࠆޑǶ 

    ᖓጢᇃᗓၸำύǴךॺᔈ၀ᜢЈޑ΋٤ܿՋǴӵ֡ϬᄞᚇکႣය

Ԗᐒௗय़аϷӧଯྕਔᇃᗓک፦ࠔޑނǵԖᐒࡋǴᇃᗓೲࡋࠆᖓጢޑ

഍ཱུߎឦޑԖᐒނ፦߄य़ǶךॺࣁΑᗉխ೭٤ୢᚒǴᅰёૈׯ๓੿ޜ

 ድ඲Ƕޑឦߎ፦഍ཱུࠔǵଯࡋಉᕫޑय़߄Ǵคᐒࡋ
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ಃѤകಃѤകಃѤകಃѤക ჴᡍ่݀ᆶ૸ፕჴᡍ่݀ᆶ૸ፕჴᡍ่݀ᆶ૸ፕჴᡍ่݀ᆶ૸ፕ 
 

 

4-1 ϡҹ่ᄬϡҹ่ᄬϡҹ่ᄬϡҹ่ᄬ 

ॺᒧ᏷ൂ౦፦ௗय़ך     OPV cellբךࣁॺޑ୷ҁ่ᄬǴ٠჋၂ό

ӕϸᔈቫࡋࠆǴаפрനޑ٫ਏ౗Ƕךॺ่ޑᄬࢂ Glass/ITO 

/CuPc(Xnm)/ C60(Ynm)/BCP(10nm)/᎑(100nm)کϡҹૈ஥კӵკ 4-1

ॺаךҢǶ܌ ITO ࣁᡏቫǴC60բࡼηႝࣁ໚ཱུǴCuPcቫբࣁ਑բ׷

ႝηڙᡏቫǴBCPբࣁᐟηߔᏲቫߔࢰႝ܈ᏲቫǴ(m- MTDATAǴ

MeO- TPDϷ IrȐppzȑ3)ႝࣁηߔᏲቫǴ᎑բࣁϡҹޑ഍ཱུǶCuPc

ک C60ޑ֎ԏӀ᛼ǴᡉҢӧკ 4-2Ǵځύ C60֎ԏӀ᛼ঢ়ॶӧ 450 nm

ک CuPc֎ԏӀ᛼ঢ়ॶ 620 nmǶ܌Ԗޑ੝ᗺکԖᐒ׷਑ޑϩη่ᄬӵ

კ ߄ک4-3  ҢǶ܌4-1

Organic Material LUMO/ HOMO 

(eV) 

Mobility 

(cm2/V s) 

Exciton diffusion length 

(nm) 

CuPc 3.5/5.2 7.0 × 10-3  15 

C60 4.5/6.2 5.0 × 10-1 40 

BCP 3.5/7.0 2.0 × 10-3 <10 

߄                 4-1Ԗᐒނ፦ޑ୷ҁୖኧ 

    २ӃǴךॺᆢ࡭ BCPࣁࡋࠆޑ 10nmک 100nmޑ᎑բךࣁॺޑ

่ᄬǴፓ࿯ CuPcک C60ךࣁࡋࠆॺ܌Ⴃයޑന٫ਏ౗Ƕ่ځᄬࣁ ITO 
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/CuPc(Xnm)/ C60(Ynm)/BCP(10nm)/᎑(100nm)ӵკ ԛǴځҢǶ܌4-1

ᏲቫӧߔॺකΕ΋ঁቨૈሜႝηך ITO ک CuPcቫϐ໔Ǵёаफ़եӧ

໚ཱུႝη-ႝޑࢰፄӝЪගଯӀ֎ԏਏ౗Ƕךॺᒧ᏷Οᅿόӕ׷ޑ

਑ǴхࡴǺȐ1ȑ4Ǵ4'Ǵ4“ –Ο-Ȑ2 -Ҙ୷शữ୷( 2 - methylphenyl 

phenylamino )ȑΟशữ(triphenylamine)Ȑm- MTDATAȑȐ2ȑMeO- TPD

Ȑ3ȑIrȐppzȑ3Ǵ٠჋၂ፓ࿯നႝޑ٫ηߔᏲቫࡋࠆаၲډനૈ܄٫Ǵ

хࡴӀႝࢬஏکࡋ໒ၡႝᓸǶITO /ႝηߔᏲቫ /CuPc(Xnm)/ 

C60(Ynm)/BCP(10nm)/᎑(100nm)Ǵӵკ  ҢǶԜ่ᄬёаफ़եOPV܌4-4

cellႝޑη-ႝࢰፄӝǶ 

    നࡕǴךॺᒧҔനӳޑϡҹ่ᄬǴᄞᚇଯᎂ౽౗׷਑ǴPentaceneǴ

аගଯ CuPcޑᎂ౽౗ᆶѳᑽࡼᡏᆶڙᡏϐ໔ၩηޑᎂ౽౗ǴЪёа

ቹៜၩηԏ໣ਏ౗Ƕךॺፓ࿯ CuPcޑᐚࡋǴᕇளؼӳ่݀ޑǶ่ځ

ᄬࣁ ITO /m- MTDATA /CuPcǺ(Rʘ)Pentacene(Xnm)/ 

C60(Ynm)/BCP(10nm)/᎑(100nm)Ǵӵკ  ҢǶ܌4-5

 

4-2 CuPc   ፓ᏾(X nm)ޑࡋࠆፓ᏾ޑࡋࠆፓ᏾ޑࡋࠆፓ᏾ޑࡋࠆ

    २ӃǴךॺ჋၂ۓڰ CuPcࣁࡋࠆ 20nmک C60ࣁ 50nmǴӧፕЎ

[21] [22]ǶҔ Keithley 2400 ሺᏔ 100mW/cm2 ໆෳӧ໵སਔᆶྣӀਔ

ႝᓸவ - 1VԿ 1VǶϡҹޑᄽ຾ᡂࣁ VOCࣁ 0.4 VǴJSCࣁ 3.07 mA/cm2Ǵ

FFࣁ 55.2ʘǴЪ PCE0.68 ࣁʘǴӵკ  ҢǶ܌4-6
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ॺ჋၂ቚуךԛǴځ     CuPcࣁࡋࠆ 25nmЪᕇளϡҹޑന٫ਏ౗Ƕ

࡭ߥǺVOCܴ߄่݀ 0.4 VǴJSCቚуԿ 3.73 mA/cm2ǴFFࣁ 59.2ʘǴ

PCEനଯ0.88 ࣁʘǴӵკ  ҢǶ܌4-7

    ӆޣǴךॺ೛ݤቚу CuPcࡋࠆޑԿ 30nmǶJSCቚуԿ 3.96 

mA/cm2ǵFFቚуԿ 63.1ʘǵVOC0.4 ࣁVǶךॺளډΑനଯޑ PCE

ӧ 40nm1.00 ࣁࡋࠆʘǶႝႝࢬᓸ੝܄ᡉҢӧკ  ҢǶ܌4-8

    നࡕǴךॺ჋၂ቚу CuPcࣁࡋࠆޑ 35nmǶளډനଯ JSCࣁ

4.03mA/cm2Ƕϡҹځޑдୖኧ VOCᆢ࡭ӧ 0.4 VǵFFफ़ࣁ 57.6ʘǴ

Ъ PCEΠफ़ډ 0.93ʘǴځ੝܄ӵკ ΑനډॺளךҢǶӢԜǴ܌4-9

ӳૈ܄ޑǴᕴک΢ॊΟঁϡҹךࡋࠆޑॺว౜ CuPcࣁ 30nmਔԖന

߄ਏ౗Ǵஒ΢ॊ่݀᏾౛ӧޑ٫ 4-2Ƕ 

CuPc ࡋࠆ (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 

35 0.4 4.03 57.6 0.93 

߄ 4-2Ԗᐒϼ໚ૈႝԣӧόӕ CuPc߄ޑࡋࠆ౜ 

 

4-3 C60   ፓ᏾(Y nm)ޑࡋࠆፓ᏾ޑࡋࠆፓ᏾ޑࡋࠆፓ᏾ޑࡋࠆ

    ӧ 4-2࿯္ǴךॺளډΑ CuPcޑന30 ࣁࡋࠆ٫nmǶ่ᄬࣁ ITO 

/CuPc(30nm)/ C60ޑ(Ynm)/BCP(10nm)/᎑(100nm)Ƕ२ӃǴךॺӃஒ

CuPcࡋࠆޑፓ᏾ࣁ 30nmک C60ࣁ 40nm ӧ߄ 4-2Ǵځ JSCҗ
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4.03mA/cm2ډ 3.96mA/cm2ǶVOC0.4 ࣁVǴFFගଯډ 63.1ʘǶPCE

ቚуԿ 1.00ʘǴԶځ੝܄ӵკ  ҢǶ܌4-8

    ϐࡕǴךॺ෧Ͽ C60ࡋࠆޑԿ 30nmǶJSCς࿶Πफ़ډ 2.63 mA/cm2

ک FFΠफ़ډ 55.9ʘǵVOC0.4 ࣁVǵPCE0.59 ࣁʘǶӧႝႝࢬᓸ੝

ᡉҢӧკ܄ 4-10Ƕ 

    നࡕǴךॺ჋၂ C60ࣁࡋࠆޑ 50nmǶҗܭ C60ቫեၩη໺ᒡᆶଯ

ՍᖄႝߔǴJSCౣԖΠफ़Կ 3.39mA/cm2ک FF߾फ़Կ 57.1ʘǶ VOCࣁ

0.4 Vک PCEࣁ 0.76ʘǶ၀ϡҹޑޑ੝܄ᡉҢӧკ 4-11ǶӢԜǴךॺ

ளډΑനޑ٫ϸᔈቫࡋࠆǴCuPcࣁ 30nmک C60ࣁ 40nmǶךॺஒ΢

ॊ่݀᏾౛ӧ߄ 4-3Ƕ 

    ӵ΢܌ॊǴ่ځᄬёᡂࣁ ITO/CuPc(30nm)/C60(40nm)/BCP(10nm)/

᎑(100nm)Ƕ 

CuPc (30nm)/ C60 ࡋࠆ (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 

߄ 4-3Ԗᐒϼ໚ૈႝԣӧόӕ C60߄ޑࡋࠆ౜ 

 

4-4 ႝηߔᏲቫႝηߔᏲቫႝηߔᏲቫႝηߔᏲቫ 

Ᏺቫӧߔॺ჋၂කΕ΋ঁቨૈሜႝηך     ITO ᆶ CuPcቫϐ໔Ƕ٬

ҔႝηߔᏲቫа෧Ͽႝη-ႝࢰፄӝǴගଯΑϡҹӧ໚ཱུޑӀႝࢬஏ

ࡴ਑Ǵх׷Ᏺቫߔॺᒧ᏷ΟᅿቨૈሜႝηךǴࡋ M - MTDATA [23]ǵ

MeO-TPD[24]Ǵک Ir(ppz)3[25]Ǵ֎ԏӀ᛼׷਑ᡉҢӧკ 4 - 12Ƕ่ځ
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ᄬࣁ ITO /ႝ ηߔᏲቫ/CuPc(30nm)/ C60(40nm)/BCP(10nm)/᎑

(100nm)Ǵӵკ  ҢǶ܌4 -4

 

4-4-1 m-MTDATA  ፓ᏾(A nm)ޑࡋࠆፓ᏾ޑࡋࠆፓ᏾ޑࡋࠆፓ᏾ޑࡋࠆ

    २ӃǴךॺ჋၂٬Ҕ m- MTDATA ෧Ͽӧ໚ཱུႝޑη-ႝࢰፄ

ӝǴךॺෳ၂ࣁࡋࠆ 7.5nmǶ่ځᄬࣁ ITO/m- MTDATA(Anmȑ

/CuPc(30nm)/ C60(40nm)/BCP(10nm)/᎑(100nm)Ǵӵკ ҢǶӧ܌4-13

ޑډॺளך7.5nmǴ ࣁࡋࠆ VOCࣁ 0.5VǴJSCࣁ 4.00 mA/cm2ǴFFࢂ

25.0ʘǴԶ PCE0.50 ࣁʘǴӵკ 4- 14Ƕךॺ౒ෳǴࡋࠆϼࠆᏤठႝ

 ၮᒡǶޑόૈӧ໚ཱུԖਏࢰ

    Π΋؁Ǵךॺ჋၂ׯᡂ m-MTDATA کnm 5)ࡋࠆޑ 3nm)Ƕӧࠆ

ࣁࡋ 3nmǴךॺள׳ډӳޑ੝܄ǶӢԜǴךॺ၂კፓ࿯ m-MTDATA

کnm 4)ࡋࠆޑ 3.5nm)ǶךॺளډΑനޑࡋࠆ٫ m–MTDATA ࣁ

4nmǶVOCࣁ 0.5VǴJSCࣁ 7.26 mA/cm2ǴFFࢂ 43.1ʘǴԶ PCEࣁ 1.56

ʘǴӵკ 4-15Ƕךॺஒ΢ॊ่݀᏾౛ӧ߄ 4-4Ƕ 

m-MTDATA ࡋࠆ (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 

߄      4-4Ԗᐒϼ໚ૈႝԣӧόӕ m-MTDATA ߄ޑࡋࠆ౜ 
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4-4-2 MeO-TPD   ፓ᏾ (B nm)ޑࡋࠆፓ᏾ޑࡋࠆፓ᏾ޑࡋࠆፓ᏾ޑࡋࠆ

਑Ǵ׷ޑॺ٬Ҕόӕךၩηᎂ౽౗ǴޑᏲቫߔॺ჋၂ቚуႝηך    

MeO-TPDǶ၀׷਑ޑ LUMO ک HOMOᆶ m– MTDATA

ȐLUMO/HOMOǴ1.9V/5.1Vȑ࣬ ӕǴՠځᎂ౽౗ᓬܭ m- MTDATAǴ

ӢԜךॺ౒ෳǴёаගଯךॺϡҹޑ੝܄Ƕ 

    ჹܭ ॺ٬ҔךǴ่݀ޑ4-4-1 7.5nmࡋࠆޑǶ่ځᄬࣁ ITO 

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

კ ޑډॺளך7.5nmਔǴ ࣁࡋࠆҢǶӧ܌4-16 VOCࣁ 0.5VǴJSCࣁ

4.10 mA/cm2ǴFFࢂ 25.9ʘǴԶ PCE0.53 ࣁʘǴӵკ 4-17Ƕ࣬ӕޑǴ

 ໺ᒡǶޑၩηӧ໚ཱུڋ཮ज़ࡋࠆ

    Π΋؁Ǵךॺ჋၂ׯᡂ MeO-TPD5)ࡋࠆnmǴ4nmǴ3nmǴک

2.5nm)Ƕӧࡋࠆ 3nmਔǴךॺளډΑനӳޑ੝ࢂ܄ӧ VOCࣁ 0.4VǴ

JSCࣁ 4.61 mA/cm2ǴFFࣁ 61.0ʘǴԶ PCEࣁ 1.12ʘǴӵკ 4 - 18Ƕ

ᗨฅ FFςܴᡉቚуǴᆶ M – MTDATA ࣬Кவ 43.1ʘډ 61.0ʘǴՠ

ځ VOCςౣΠफ़ډ 0.4 Vک JSCΠफ़ډ 4.61mA/cm2ǴϩձǶךॺஒ΢

ॊ่݀᏾౛ӧ߄ 4-5Ƕ 
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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 

߄      4-5Ԗᐒϼ໚ૈႝԣӧόӕ MeO-TPD ߄ޑࡋࠆ౜ 

 

4-4-3 Ir(ppz)3   ፓ᏾(C nm)ޑࡋࠆፓ᏾ޑࡋࠆፓ᏾ޑࡋࠆፓ᏾ޑࡋࠆ

਑ǴIr(ppz)3Ǵ1.6V׷ॺ٬Ҕќ΋ᅿךΚǴૈޑᏲቫߔΑගଯႝηࣁ    

ޑ LUMO ଯ m-MTDATA 0.3 ҷ੝ǴךॺႣीஒ཮ගଯႝηߔᏲቫޑ

ૈΚǶӕਔǴࣁ 5.0Vޑ HOMO߾ᆶ ITO ࣬ӕǴёаᔅշႝࢰ໺ᒡǴ

ёаගଯϡҹૈ܄ޑǶ 

    ჹܭ ॺ٬ҔךǴ่݀ޑ4-4-1 7.5nmࡋࠆޑǶ่ځᄬࣁ ITO 

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

კ ډॺளך7.5nmǴ ࣁࡋࠆҢǶӧ܌19 - 4 VOCࣁ 0.5VǴJSCࣁ 2.52 

mA/cm2ǴFFࢂ 54.9ʘǴԶ PCE0.55 ࣁʘǴӵკ 4-20Ƕ࣬ӕޑǴࠆ

 ໺ᒡǶޑၩηӧ໚ཱུڋज़ࡋ

    Π΋؁Ǵךॺ჋၂ׯᡂ Ir(ppz)3ࡋࠆޑȐ5nmǴ4nmǴ1nmǴ0.5nmȑǶ

ӧࣁࡋࠆ 0.5nmǴךॺளډΑനӳޑ੝ࢂ܄ӧ VOCࣁ 0.4 VǴJSCࣁ 3.81 

mA/cm2ਔǴFFࣁ 59.8ʘǴԶ PCE0.91 ࣁʘǴӵკ ҢǶᆶ܌21–4
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m–MTDATA ࣬Кᗨฅ FFςܴᡉቚуǴவ 43.1ʘډ 59.8ʘǴVOCᇸ

༾Πຳډ 0.4 VǴՠ JSCҗ 7.26 mA/cm2ႝࢬஏܴࡋᡉΠफ़ډ 3.81 

mA/cm2ਔǶךॺஒ΢ॊ่݀᏾౛ӧ߄ 4-6Ƕ 

Ir(ppz)3 ࡋࠆ (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 

߄ 4-6Ԗᐒϼ໚ૈႝԣӧόӕ Ir(ppz)3߄ޑࡋࠆ౜ 

 

4-5 ፓ᏾ፓ᏾ፓ᏾ፓ᏾ CuPc ቫύቫύቫύቫύ Pentacene  ࡋᐚޑࡋᐚޑࡋᐚޑࡋᐚޑ

    ჹܭ Ǵm-MTDATAǶന܄਑੝׷ޑॺᒧҔനӳךǴ่݀ޑ4-4

ޑࡋࠆ٫ m - MTDATA ࣁ 4nmǶVOCࣁ 0.5VǴJSCࣁ 7.26 mA/cm2Ǵ

FFࣁ 43.1ʘǴԶ PCEࣁ 1.56ʘǶm-MTDATA ೷ࢂࡋय़ಉᕫ߄ଯޑ

ԋനଯ JSC 7.26 mA/cm2ޑচӢǴЪ೷ԋӀႝࢬቚуک FFफ़եǶӢ

ԜǴךॺ೸ၸচηΚᡉ༾᜔ෳໆس಍ٰໆෳǴӧკ 4-22ɴ4-24Ǵ᛾ܴ

ΑךॺޑፕᗺǶࣁΑගଯϡҹޑਏ౗Ǵךॺ჋၂ቚуගଯႝޑࢰᎂ౽

౗ٰѳᑽӧࡼᡏᆶڙᡏϐ໔ၩηޑᎂ౽౗ǴЪቹៜၩηԏ໣ਏ౗Ƕ߄

4-7ᡉҢόӕکࡋࠆ RMSಉᕫࡋǶӢԜǴᄞᚇଯᎂ౽౗ޑԖᐒނ፦Ǵ

PentaceneȐᎂ౽౗= 1.5 cm2/V-sȑǴډ CuPcቫ္ǴǶࣁΑෳ၂ᐚࡋǴ
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ॺᄞᚇך wt. 3ʘǵ5ʘک 7ʘޑ Pentaceneډ CuPc္Ƕךॺᒧ᏷ന٫

ࣁᄬ่ځ਑Ǵm-MTDATAǶ׷ޑૈ܄ ITO /m- MTDATAȐ4nmȑ/CuPcǺ

ȐRʘȑPentaceneȐ30nmȑ/ C60Ȑ40nmȑ/BCPȐ10nmȑ/᎑Ȑ100nmȑǴ

ӵკ ޑࡋҢǶӧᐚ܌4-25 wt.3ʘǴךॺளډΑ VOCࣁ 0.5VǴJSCࣁ

6.26 mA/cm2ਔǴFFࣁ 46.6ʘǴԶ PCE1.46 ࣁʘǴӵკ 4-26Ƕӧᐚ

mA/cm2 7.74ࣁ0.5VǴJSCࣁӧVOCࢂ܄੝ޑΑനӳډॺளךwt.5ʘǴࡋ

ਔǴFFࢂ 44.3ʘǴԶ PCE1.72 ࣁʘǴӵკ 4-27Ƕӧനޑࡕᐚࡋ wt. 7

ʘǴךॺளډ VOCࣁ 0.5VǴJSCࣁ 6.66 mA/cm2ਔǴFFࢂ 49.3ʘǴԶ

PCEࢂ 1.31ʘǴӵკ 4-28Ƕᕴӝ΢ॊ่݀Ǵ௢౛ OPV cellޑਏ౗ᆶ

ᎂ౽౗Ԗᜢ߯Ǵ᏾౛ӧ߄ 4-8Ƕ 

m-MTDATA ࡋࠆ (nm) Surface roughness 

(nm) 

Surface RMS 

(nm) 

7.5 2.116 2.768 

4 2.931 3.723 

3 3.008 3.709 

߄ 4-7m-MTDATA ޑಉᕫࡋᆶ 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 

߄ 4-8Ԗᐒϼ໚ૈႝԣӧ CuPcቫύ pentaceneޑόӕᐚ߄ࡋ౜ 
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ಃϖകಃϖകಃϖകಃϖക ่ፕ่ፕ่ፕ่ፕ 
 

 

    ӧҁፕЎύǴךॺ٬Ҕൂ౦፦ௗय़բࣁ OPV cellႝޑηߔᏲቫǶ

ӧ೭္Ǵךॺᕴ่ჴᡍ่݀Ϸനޑ٫ϸᔈቫࡋࠆǴකΕ΋ঁႝηߔᏲ

ቫȐm-MTDATAǴMeO- TPDϷ IrȐppzȑ3ȑӧ ITO ᄞᚇک္ Pentacene

ޑ CuPcቫϐύǶ 

    २ӃǴךॺঅךׯॺޑ୷ҁ่ᄬޑϸᔈቫࡋࠆǶځԛǴᒧ᏷ന٫

ႝηߔᏲቫࡋࠆаቚуӀޑ֎ԏਏ౗Ǵ෧Ͽႝη-ႝࢰፄӝǴаගଯ

ӧϡҹޑ໚ཱུૈ܄Ƕ 

    ӆޣǴךॺᒧ᏷ന׷ૈ܄ޑ٫਑Ǵm-MTDATA բႝࣁηߔᏲቫǶ

m-MTDATA ࣁࡋࠆന٫ޑ 4nmǶVOCࣁ 0.5VǴJSC7.26 mA/cm2ਔǴ

FFࢂ 43.1ʘǴԶ PCEࣁ 1.56ʘǶ 

    നࡕǴᄞᚇ Pentaceneӧ CuPcޑЬाচӢࢂቚуႝηࡼᡏቫޑ

ᎂ౽౗аϷѳᑽႝη-ႝࢰӧႝཱུޑԏ໣ਏ౗Ƕᄞᚇ Wt.5ʘpantacene

ډ CuPc္ǴOPV cellவ 1.56ʘ΢ϲԿ 1.72ʘǶךॺޑزࣴޑന٫่

ᄬࣁ ITO /m- MTDATAȐ4nmȑ/CuPcǺȐ5ʘȑPentaceneȐ30nmȑ/ C60

Ȑ40nmȑ/BCPȐ10nmȑ/᎑Ȑ100nmȑǴӵკ  ҢǶ܌5-1



ቨૈሜႝηߔᏲቫׯ๓Ԗᐒϼ໚ૈႝԣਏ౗ 

30 
逢甲大學學生報告 ePaper(2011年) 

ୖୖୖୖ ԵԵԵԵ ၗၗၗၗ ਑਑਑਑ 
[1] C. W. Tang, “Two-layer organic photovoltaic cell,” Appl. Phys. Lett. 

Vol. 48, p. 83 (1986). 

[2] P. Peumans, V. Bulovi and S. R. Forrest, “Efficient photon harvesting 

at high optical intensities in ultrathin organic double-heterostructure 

photovoltaic diodes,” Appl. Phys. Lett., Vol. 76, p. 2650 (2000). 

[3] P. Peumans and S. R. Forrest, “Very-high-efficiency 

double-heterostructure copper phthalocyanine/C60 photovoltaic 

cells,” Appl. Phys. Lett., Vol. 79, p. 126 (2001). 

[4] J. Xue, S. Uchida, B. P. Rand and S.R. Forrest, “4.2% efficient 

organic photovoltaic cells with low series resistances,” Appl. Phys. 

Lett., Vol. 84, p. 3013 (2004). 

[5] J. Xue, S. Uchida, B. P. Rand and S. R. Forrest, “Asymmetric tandem 

organic photovoltaic cells with hybrid planar-mixer molecular 

heterojunctions,” Appl. Phys. Lett., Vol. 85, p. 5757 (2005). 

[6] T. Osasa, Y. Matsui, T. Matsumura, and M. Matsumura, 

“Determination of photo-active region in organic thin film solar cells 

with an organic heterojunction,” Sol. Energy Mater. Sol. Cells, Vol. 

90, p. 3136 (2006). 

[7] P. Sullivan, S. Heutz, S. M. Schultes, and T.S. Jones, “Influence of 

codeposition on the performance of CuPc-C60 heterojunction 

photovoltaic devices,” Appl. Phys. Lett., Vol. 84, p. 1210 (2004). 

[8] Bo Yu, Feng Zhu, Haibo Wang, Gao Li, and Donghang Yan, 

“All-organic tunnel junctions as connecting units in tandem organic 

solar cell,” J. Appl. Phys., Vol. 104, p. 114503 (2008). 



ቨૈሜႝηߔᏲቫׯ๓Ԗᐒϼ໚ૈႝԣਏ౗ 

31 
逢甲大學學生報告 ePaper(2011年) 

[9] J. Xue, S. Uchida, B. P. Rand, and S. R. Forrest, “Asymmetric 

tandem organic photovoltaic cells with hybrid planar-mixed 

molecular heterojunctions,” Appl. Phys. Lett., Vol. 85, p. 5757 

(2004). 

[10] I. A. Levitsky, W. B. Euler, N. Tokranova, B. Xu, and J. Castracane, 

“Hybrid solar cells based on porous Si and copper phthalocyanine 

derivatives,” Appl. Phys. Lett., Vol. 85, p. 6245 (2004). 

[11] M. Y. Chan, S. L. Lai, M. K. Fung, C. S. Lee, and S. T. Lee, 

“Doping-induced efficiency enhancement in organic photovoltaic 

devices,” Appl. Phys. Lett., Vol. 90, p. 023504 (2007). 

[12] P. Peumans and S. R. Forrest, “Very-high-efficiency 

double-heterostructure copper phthalocyanine/C60 photovoltaic 

cells,” Appl. Phys. Lett., Vol. 79, p. 126 (2001). 

[13] I. Yoo, M. Lee, C. Lee, D. W. Kim, I. S. Moon, and D. H. Hwang, 

“The effect of a buffer layer on the photovoltaic properties of solar 

cells with P3OT:fullerene composites,” Synt. Meta., Vol. 153, p. 97 

(2005). 

[14] V. Shrotriya, E. H. E. Wu, G. Li, Y. Yao, and Y. Yang, “Efficient light 

harvesting in multiple-device stacked structure for polymer solar 

cells,” Appl. Phys. Lett., Vol. 88, p. 064104 (2006). 

[15] Ning Li, Brian E. Lassiter, Richard R. Lunt, Guodan Wei, and 

Stephen R. Forrest, “Open circuit voltage enhancement due to 

reduced dark current in small molecule photovoltaic cells,” Appl. 

Phys. Lett., Vol. 94, p. 023307 (2009). 

[16] D .I. K. Petritsch, “Organic Solar Cell Architectures,” TUG, Austria 



ቨૈሜႝηߔᏲቫׯ๓Ԗᐒϼ໚ૈႝԣਏ౗ 

32 
逢甲大學學生報告 ePaper(2011年) 

(2000). 

[17] J. Xue, S. Uchida, B. P. Rand, and S. R. Forrest, “4.2% efficient 

organic photovoltaic cells with low series resistances,” Appl. Phys. 

Lett., Vol. 84, p. 3013 (2004). 

[18] V. D. Mihailetchi, P. W. M. Blom, J. C. Hummelen, and M. T. 

Rispens, “Cathode dependence of the open-circuit voltage of 

polymer:fullerene bulk heterojunction solar cells,” J. Appl. Phys., Vol. 

94, p. 6849 (2003). 

[19] C. J. Brabec, A. Cravino, D. Meissner, N. S. Sariciftci, T. Fromherz, 

M. T. Rispens, L. Sanchez, J. C. Hummelen, “Origin of the Open 

Circuit Voltage of Plastic Solar Cells,” Adv. Fun. Mater., Vol. 11, p. 

374 (2001). 

[20] J. C. Bernède, Y. Berredjem, L. Cattin, and M. Morsli, 

“Improvement of organic solar cell performances using a zinc oxide 

anode coated by an ultrathin metallic layer,” Appl. Phys. Lett., Vol. 92, 

p. 083304 (2008). 

[21] I. C. Chen, “Improved Efficiency of p-n Junction Organic 

Photovoltaic Cell,” NCKU (2008). 

[22] K. H. Hsiao, “Study of Silver Oxide Anode of Single 

Donor-Acceptor Heterojunction Photovoltaic Cell,” NCKU (2009). 

[23] L.L. Chen, W.L. Li, H.Z. Wei, B. Chu, B. Li, “ Organic ultraviolet 

photovoltaic diodes based on copper phthalocyanine as an electron 

acceptor,” Sol. Energy Mater. Sol. Cells, Vol. 90, p. 1788 (2006). 

[24] J. Drechsel, B. Mannig, F. Kozlowski, D. Gebeyehu, A. Werner, M. 

Koch, K. Leo, M. Pfeiffer, “ High efficiency organic solar cells based 



ቨૈሜႝηߔᏲቫׯ๓Ԗᐒϼ໚ૈႝԣਏ౗ 

33 
逢甲大學學生報告 ePaper(2011年) 

on single or multiple PIN structures,” Thin Solid Films, 451-452, p. 

515 (2004). 

[25] Hiroshi Kanno, Yiru Sun, and Stephen R. Forrest, “High-efficiency 

top-emission white-light-emitting organic electrophosphorescent 

devices,” Appl. Phys. Lett., Vol. 86, p. 263502 (2005). 

[26] Wei-Bing Chen, Hai-Feng Xiang, Zong-Xiang Xu, Bei-Ping Yan, 

“Improving efficiency of organic photovoltaic cells with pentacene 

doped-CuPc layer,” Appl. Phys. Lett., Vol. 91, p. 191109 (2007). 



ቨૈሜႝηߔᏲቫׯ๓Ԗᐒϼ໚ૈႝԣਏ౗ 

34 
逢甲大學學生報告 ePaper(2011年) 

Figure 

 

კ. 1-1 ӀҷϡҹࣴޑزҢཀკ่ᄬ (a) ᚈቫ่ᄬǴ(b) BHJ ่

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

1210, 2004.) 
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კ. 2-1 Ӏҷႝԣޑ౛གྷ฻ਏႝၡ 
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კ. 2-3 Ӏҷႝԣߚޑ౛གྷ฻ਏႝၡ 
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კ. 2-4 Ԗᐒϼ໚ૈႝԣޑπբᐒڋ 
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კ. 2-5 ঁٿচηӧόӕຯᚆϐ໔࣬ޑϕբҔᆶϸᔈ 
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კ.3-1 ଯ੿ޜԖᐒ዗ᇃᗓس಍ޑკှ 
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კ. 4-4  Ԗᐒϼ໚ႝԣ่ޑᄬ(ITO/ Electron-Blocking Layer/CuPc 

/C60/BCP/Al) 
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კ. 4-5  Ԗᐒϼ໚ႝԣ่ޑᄬ(ITO/m-MTDATA/CuPc: 

Pentacene (R%)/C60/BCP/Al) 
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(b)  J-V characteristic @ 100 mW/cm2 

კ. 4-6  ITO/CuPc(20 nm)/C60(50 nm)/BCP(10 nm)/Al 

(100nm) 
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(b)  J-V characteristic @ 100 mW/cm2 

კ. 4-7  ITO/CuPc(25 nm)/C60(40 nm)/BCP(10 nm)/Al 

(100nm) 



ቨૈሜႝηߔᏲቫׯ๓Ԗᐒϼ໚ૈႝԣਏ౗ 

47 
逢甲大學學生報告 ePaper(2011年) 

-1.0 -0.5 0.0 0.5 1.0

0

10

20

30

40

50

33.9 mA/cm2

 

 

C
u

rr
en

t 
D

en
si

ty
,m

A
/c

m
2

Voltage,V

 CuPc(30nm)/C
60

(40nm)

0.0559 mA/cm2

 

(a)  J-V characteristic @ dark 

0.0 0.2 0.4 0.6
-5

-4

-3

-2

-1

0

1

J
MAX

 = 3.34 mA/cm2

V
MAX

 = 0.3 V

V
OC

 = 0.4V

 

 

C
u

rr
en

t 
D

en
si

ty
,m

A
/c

m
2

Voltage,V

 CuPc(30nm)/C
60

(40nm)
J

SC
 = 3.96 mA/cm2

ηηηη = 1.00 % % % %

FF = 63.1 % % % %
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კ. 4-8  ITO/CuPc(30 nm)/C60(40 nm)/BCP(10 nm)/Al 

(100nm) 
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(b)  J-V characteristic @ 100 mW/cm2 

კ. 4-9  ITO/CuPc(35 nm)/C60(40 nm)/BCP(10 nm)/Al 

(100nm) 
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(b)  J-V characteristic @ 100 mW/cm2 

კ. 4-10  ITO/CuPc(30 nm)/C60(30 nm)/BCP(10 nm)/Al 

            (100nm) 
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               (a)  J-V characteristic @ dark 
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(b)  J-V characteristic @ 100 mW/cm2 

  კ. 4-11  ITO/CuPc(30 nm)/C60(50 nm)/BCP(10 nm)/Al 

           (100nm) 
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კ. 4-12  ႝηߔᏲቫޑ֎ԏӀ᛼ 
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კ. 4-13  Ԗᐒϼ໚ႝԣ่ޑᄬ(ITO/m-MTDATA/CuPc/C60 

/BCP/Al) 
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(a)  J-V characteristic @ dark 
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(b)  J-V characteristic @ 100 mW/cm2 

კ. 4-14  ITO/m-MTDATA(7.5 nm)/CuPc(30 nm)/C60(40 

nm)/BCP(10 nm)/Al(100nm) 
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   (a)  J-V characteristic @ dark 
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   (b)  J-V characteristic @ 100 mW/cm2 

კ. 4-15  ITO/m-MTDATA(4 nm)/CuPc(30 nm)/C60(40 

nm)/BCP(10 nm)/Al(100nm) 
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კ. 4-16  Ԗᐒϼ໚ૈႝԣ่ޑᄬ(ITO/MeO-TPD/CuPc/C60 

/BCP/Al) 
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(a)  J-V characteristic @ dark 
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(b)  J-V characteristic @ 100 mW/cm2 

კ. 4-17  ITO/MeO-TPD(7.5 nm)/CuPc(30 nm)/C60(40 

nm)/BCP(10 nm)/Al(100nm) 
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0.0 0.2 0.4 0.6
-6

-5

-4

-3

-2

-1

0

1

J
MAX

 = 3.75 mA/cm2

V
MAX

 = 0.3 V

V
OC

 = 0.4V

 

 

C
u

rr
en

t 
D

en
si

ty
,m

A
/c

m
2

Voltage,V

 MeO-TPD(3nm)J
SC

 = 4.61 mA/cm2

ηηηη = 1.12 % % % %

FF = 60.1 % % % %

 

(b)  J-V characteristic @ 100 mW/cm2 

კ. 4-18  ITO/MeO-TPD(3 nm)/CuPc(30 nm)/C60(40 

nm)/BCP(10 nm)/Al(100nm) 
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კ. 4-19  Ԗᐒϼ໚ႝԣ่ޑᄬ(ITO/Ir(ppz)3/CuPc/C60/BCP 

/Al) 
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(a)  J-V characteristic @ dark 
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(b)  J-V characteristic @ 100 mW/cm2 

კ. 4-20  ITO/Ir(ppz)3(7.5 nm)/CuPc(30 nm)/C60(40 

nm)/BCP(10 nm)/Al(100nm) 
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(a)  J-V characteristic @ dark 
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(b)  J-V characteristic @ 100 mW/cm2 

კ. 4-21  ITO/Ir(ppz)3(0.5 nm)/CuPc(30 nm)/C60(40 

nm)/BCP(10 nm)/Al(100nm) 
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კ. 4-22  m-MTDATA ޑচηΚᡉ༾᜔კႽ(7.5 nm)  

 

კ. 4-23  m-MTDATA ޑচηΚᡉ༾᜔კႽ(4 nm) 
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კ. 4-24   m-MTDATA ޑচηΚᡉ༾᜔კႽ(3 nm) 
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კ. 4-25  ITO/m-MTDATA(4 nm)/CuPc:(R%)Pentacene (30 

nm)/C60(40 nm)/BCP(10 nm)/Al(100nm) 
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(b)  J-V characteristic @ 100 mW/cm2 

კ. 4-26  ITO/m-MTDATA(4 nm)/ CuPc:(3%)Pentacene (30 

nm)/C60(40 nm)/BCP(10 nm)/Al(100nm) 
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(b)  J-V characteristic @ 100 mW/cm2 

კ. 4-27  ITO/m-MTDATA(4 nm)/CuPc:(5%)Pentacene (30 

nm)/C60(40 nm)/BCP(10 nm)/Al(100nm) 
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(b)  J-V characteristic @ 100 mW/cm2 

კ. 4-28  ITO/m-MTDATA(4 nm)/CuPc:(7%)Pentacene (30 

nm)/C60(40 nm)/BCP(10 nm)/Al(100nm) 
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კ. 5-1   Ԗᐒϼ໚ૈႝԣ่ޑᄬ(ITO/m-MTDATA(4 nm)/ 

CuPc:(5%)Pentacene (30 nm)/C60(40 nm)/BCP(10 

nm)/Al(100nm)) 


