EP AL LY RE ePaper

AL L

ERE R U LT Y IS AR R b R T
Efficiency I mprovement in Organic Photovoltaic Cells by

Using Wide-Bandgap electron-Blocking Layer

f%%:@ Fe
R FIRE ke @

£ % : D9670991

Bakpr o 2 H 0

HeAR LA Mok i

Bk s 23148 %

BigeE: 414 HER % - B

4.4




A Y AP ER TR FBABLTA Y Y RAKT
F I A R B R e e 8 s 1 2 (OPV cell)- & liF

HREAT Y AR P 5 B o R R g S Ak e

i

Tered o THEPF R ENTHRZZFIHEAFRRTRE BRT
oo B A DR A AR F 0P e

PACAPEREGMER TR R BEAT A B ERgR
ITO/CuPc (X nm)/Go (Y nm)/BCP (10 nm)/Al (100 nny #¢ e L 23 &
CuPcei 5 3]id e § 22 5 2 (8 f 20 Coo e i T i2 B Hf
BB o L ARPRRTIRE 04V mRTIERAE 5 3.96
mA/cnT » 3 % Fllic 5 63.1 % ¥ FHHeF 4 1.00%-

B B Y AT BT F IR MR ARG hE R
BEa s HBaws méﬁa » HpL e w2 1. m-MTDATA ;5 2.MeO-TPD;
3.r(ppzy> A L E K iE 5 R - 2 %4 5 ITO/electron blocking
layer/CuPc(30 nm)/g(40 nm) /BCP(10 nm)/AI(100 nm)H & i & & &

b % 1. m-MTDATA(4 nm); 2.MeO-TPD (3 nm} 3.Ir(ppz)(0.5 nm)-

Bofs o A PESE T B Ak m-MTDATA 75 7 5 135 & HH1L -

BSR4 WE ePaper(2011F)



B MR IRl

AL S B Rl =

e

Fobo R 3L CUPCR ™ £ F 4 BRI PIEBF OGP
+3kL Pentacene%gr} H e Pentacenenik & 2 9 ¥ 108 LA 2 e
TRILE SR P AR o B B A 40T [TO/M-MTDATA/CuPc:(R%)
Pentacene(30nm)/¢g40nm)/BCP(10nm)/ Al(100nmy) 2% iFe 34 5% 7 &

5% B ER T I ERBRZ SHBaR s F s mRET IR E

h
o

774mAlcni > BT R % 05Vs B A F#kc i 443 % % »cd 4 1.72

0p o

BSR4 E ePaper(2011F)



Abstract

In this thesis, we demonstrate a single heterojmcbrganic
photovoltaic (OPV) cell using wide-bandgap electbbocking layer,
which can improve photocurrent absorption efficienicalance carrier
mobility between acceptor and donor can affect ¢hgier collection
efficiency, and enhance the short-circuit curredy:)(, open-circuit

voltage Voc) and the efficiency.

At first, we try to optimize the best structure @PV cells whose
layer in order as glass/ITO/CuPc (X nmydQGY nm)/BCP (10 nm)/Al
(100 nm), and then modulate the thickness of Cefectfon donor layer)
X and G (electron acceptor layer) Y to get the highest grogonversion
efficiency of this structure, which are 0.4 V ofeppcircuit voltage Voc),
3.96 mA/cni of short-circuit current densitydd), 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'- tris - ( 2 - methylphenyl

phenylamino ) triphenylamine ( m-MTDATA ) ( 2 ) MeTPD, and (3)
Ir(ppz), and try to modulate the thickness of electrorckilog layer to
optimize the best properties, including photo-cotrrdensity and open
circuit voltage. The structure can reduced electrtile recombination
of OPV cell is ITO / electron-blocking layer / CuRcnm) / Gso (Y nm)/
BCP(10nm) / Al(100nm). The optimal thickness is MHYATA (4 nm);
MeO-TPD (3 nm); and Ir(ppz)0.5 nm),respectively.
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Finally, we choose the best performance material TiDATA, as
an electron-blocking layer. In additional, we dagpipentacene into
electron donor layer to enhance the mobility of CuBy the increasing
of concentration on pentacene, we also find shacti#t current density
(JSC ) and power conversion efficiency (PCE) were inses
dramatically. This structure whose layer in order [AO/CuPc:(R%)
Pentacene (30nm){e(40nm)/ BCP (10nm)/ Al (100nm). We tune
concentration of Pentacene around 5% in CuPc tai@caxcellent
characteristics of OPV cell, including: 7.74 mAfcrof short-circuit
current, 0.5 V of open-circuit voltage, 44.3% df factor, and 1.72% of

efficiency.

Keywords: Organic photovoltaic (OPV) cell, electron-blockilager
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APERE R G OPVeelliFi Al A 54 > & ¥ 327
Pr ek BR gy B drns o A ahi A Glass/ITO
/CuPc(Xnm)/ C60(Ynm)/BCP(10nm# (100nmjfe = i+ ¢ =+ Bl 4Bl 4-1
om0 NP ITO #3415 14k » CuPck T 5 T 3+ %A » Cgo i &
T ERA > BCPiv i [dhk & Tk Fdkk > (M- MTDATA >
MeO- TPDZ Ir (ppz) 3)# & + IEFgk > 4518 5 ~ 2 s 4k - CuPc
o Cooer k3 > ot Ml 4-2° H P Coofr k3% & & 450 nm
fr CuPCr fc % 3§ & 620 nne #7§ i Bfod SR S 3 Bhde

Bl 4-34r % 4-1#57 o

Organic Material | LUMO/ HOMO| Mobility Exciton diffusion length
(eV) (cmé/V s) (nm)
CuPc 3.5/5.2 7.0x 10 15
Cso 4.5/6.2 5.0 x 10 40
BCP 3.5/7.0 2.0 x 1 <10

YRR TY TR YR

F 4 A s BCPer & 2 10nmAr 100nmengs (£ 5 5 i e
B3 & CUPCTr Coo & & 5 28 P #73F  end ok o B 48 5
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ICuPc(Xnm)/ Go(YNm)/BCP(10nm)&(100nmYi- @] 4-1 #751 » H =t »
AP - BRABTFIERE L ITO - CuPck 22 FF > ¥ 11" K &
BT F-m ki 6 8 g R |ond - APER=H7 kit
o edz (1) 4-4"4"—=- (2-7 & F3%=H(2-methylphenyl
phenylamino ) = ¥ *%(triphenylamine] m- MTDATA ) (2) MeO- TPD
(DIr(ppz)s> T B @A &I G OT FEFph 5 A TS E M
FRETMABREFRETR -ITO/T F1E#A /CuPc(Xnm)/
Coo(YNM)/BCP(10Nm)E(100nm) 4] 4-4 4777 o pt 4+ 12 ' 4 OPV
cell hg -2 k45 &
Bofs o AR BoF oA 2 B4 0 3 184 5 444> Pentacene

4k B CUPCH #5521 T e i 22 L R 2 [ 5 £

(584

B 2w

-

PEP S fhoes - APAE CuPChik R » BT gk - B

5

# 5 ITO/m- MTDATA /CuPc: (R%)Pentacene(Xnm)/

Coo(YNm)/BCP(10nm)=(100nm)> 4 @) 4-5 #1757

4-2 CuPc E R 73 & (X nm)

HA o AP EREE CuPCE A 5 20nmor Cgo 5 50nm> & =
[21] [22] - * Keithley 2400 & % 100mW/cmi £ | & 2. & P& 22 pg sk pF
TR _-1VI IVe R i duFie 8 5 Voc & 0.4 Vo Jge & 3.07 mA/eni
FF % 55.29 + * PCE: 0.68% * 4@ 4-6 “77 o
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H oo A E N S CUPCE B 5 25nm 2 (7 & i dhd ik ak o
BEEP I VocikiF 0.4V Jsci 4 3 3.73 mA/cni » FF 5 59.29
PCE% % % 0.8%¢ > 4@ 4-7 #77 o

£ % 0 SP3KE A 4 CUPCHE & 3 30nme JscHf 4e 3 3.96
MA/cn? ~ FF 34 1 63.196 ~ Voc 5 0.4V A i 831 & § 7 PCE
B 40nmBE & 5 1.000 o T R E T LB 4-8 57 o

Bofs o AN E M 4 CuPCen A R 5 35nme (B3 E B Jsc
4.03mAlcnf o =~ i thH 8 Sl Voo £.04V-FF*% 4 57.6% >
* PCE™ " 3] 093¢ > H4FM 4B 4-9977F o Flpt > AP E P71 &
Feplhi o ot b= B Aok R A g CuPcs 30nmpF G B

emed o Mt B BRET AL 42

CuPc & & (nm)/Gso (40 nm) | Voc (V) |JIsc (mA/enT) | FF (%) | 1 (%)

25 0.4 3.73 59.2 0.89
30 0.4 3.96 63.1 1.0G
35 0.4 4.03 57.6 0.93

2 4-2F BB T# 3 b CUPCh & chi 31

Bo4-2 842 AP E R CuPcendk 5 & 5 30nme éﬁ; ITO
/CuPc(30nm)/ G -3(Ynm)/BCP(10nm}E(100nm)e 5 =L » 3% i b -
CuPcinf & 3 5 % 30nmAr Ceo 5 40nm &% 4-25> # Jgcd
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4.03mA/cnf £ 3.96mA/cnt » Voc & 0.4V FF# & T 63.1% - PCE
B4e 3 1.0006 0 A B AhoF] 4-8 477 o

2 s AR S Ceoihh B T 30nme Jse ® LT 5 3] 2.63 mA/cm
e FF ™ % 3] 5596 ~ Voc 3 0.4V~PCE% 0596« &3 in g R4
1885t &R 4-10-

Bofs o A E3E Coon kA 5 50nme o 2t Coo f M+ B 22 3

BET I Jscvk F T % 3 3.39mA/cndfo FF B 3 57.196 © Voc &

0.4V4r PCE% 0.7606 © 3% = i cnengd 4 5 or B[] 4-110 Fpt » A i

B30 B dF B KR > CuPci 30nmir Cgo = 40nme 24 e -t

4%(100nm)-
CuPc (30nm)/ @ & & (nm) |Voc (V) |Jsc (MA/en?) | FFE (%) | 1 (%)
30 0.4 2.63 55.9| 0.59
40 0.4 3.96 63.1| 1.0
50 0.4 3.39 57.1| 0.74

2A43FWAHENTE AT F Ceo R R

4-4 T F IEfg R
APEEREr- BEAMT IR L ITO Z CuPck 2 F - i¢
P T FIEEREURCTF-RRAEE O HKF O A AR T IR
B NP ERZBE AT T IEHEE MR ¢ &£ M- MTDATA [23] -
MeO-TPD[24]> v Ir(ppz)s[25] » & fc sk 2 H #2557 2B 4 - 120 H %
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# 5 ITO/Z #1245k /CuPc(30nm)/ 6(40nm)/BCP(10nmjk

(100nNmM)> 4c@ 4- 4 %77% o

4-4-1 m-M TDATA 5 & =73 £ (A nm)

HLo AP ERR Y m-MTDATA B LB &EOT 3 -T F 4
& APRREEER S 7.5nme 2 245 ITO/m- MTDATA(ANm)
/CuPc(30nm)/ (40nm)/BCP(10nm¥E(100nm): 4] 4-13 #7177 ° f
E R 5 7.5nm> AP @ Voe b 0.5V Jsc 5 4.00 mA/end » FF £
25.006 > " PCE% 0.50% > 4B 4- 14 i jip] » B * RERT
i 7 MR pR B

T - Ao AR R ¥ m-MTDATA 7% & (5 nmdr 3nm)e &5
B 3nmo A B] {4 e o Tt > A PR ES & m-MTDATA
% B (4 nm4e 3.5nm)e A E 5] 7 & id B R 9 m-MTDATA %
4nme Voc % 0.5V Jsc % 7.26 mA/cni» FF £.43.19 > » PCE % 1.56

96 » 4] 4-150 5 b i R AT 4 % 4-4o

m-MTDATA A & (nm) Voc (V) | Jsc (mA/en?) | FF (%) | 7 (%)
7.5 0.5 4.00 25.0(  0.5(
5 0.5 6.19 41.1| 1.27
4 0.5 7.26 43.1| 1.56
3.5 0.4 6.68 496 1.33
3 0.4 5.93 545( 1.29

2 4-4F5 BB T# =7 B m-MTDATA & & h% IR
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4-4-2MeO-TPD E & 4 & (B nm)

R R T F IR P BB S AP R T iR

MeO-TPD- %+ 3#L 7 LUMO - HOMO £ m— MTDATA
(LUMO/HOMO > 1.9V/5.1V) #p ke » e H B & > m- MTDATA >
FIv SV R 0 T O e g AP 2 g .

30 4-4-1enkg % > PR 7.5nmenE R o Higqp s |
IMeO-TPD(B nm)/CuPc(30nm)/40nm)/BCP(10nm)#&(100nm)> 4e
B 4-16%757 o 2B R % 7.5nmpF > AP E 3 Voe s 0.5V Jgc %
4.10 mAlcni > FF 8.25.9 > m PCE % 0.53% ° 4o ® 4-17- 4p Fe 1 >
B g TS el

T - o PR E: g MeO-TPD A & (5nm> 4nm> 3nm> e
2.5nm)e A5 AR 3nmpF > AP E D BAF i A Voc i 0.4V
Jsc & 4.61 mA/cni > FF 5 61.09 » @ PCE 5 1.129 » 4c[®] 4 - 18-
BER FF 2 PP Agd 4r > 22 M — MTDATA 4p+t j€ 43.19 7] 61.0% » e
H Voc® 12T % 5] 0.4 Vi Jsc™ % 7| 4.61mMA/CNT » A &) o 34 i gt

R RETE A A 45
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MeO-TPD thickness (nm) | Voc (V) [Jsc (MA/en?) | FE (%) | 1 (%)
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

2453 X ¥ &3 F MeO-TPD 5 & ¢hd 3

4-4-3 11 (pp2)s & & 34 £ (C nm)

SR BRIIEERE DA NP R Y Y - A4 In(ppz)y 1.6V
1 LUMO % M-MTDATA 0.3 R4 A Pgz ¢ % 3 = F 1mdgk o
i P % 5.0V HOMO R ITO Ap e » 7 1§24 Tk @ 5 -
VLR e o

$30 4-4-1en % o AR T 75nmank R o B R4S ITO
/Ir(ppz)(C Nnm)/CuPc(30nm)/ £(40nm) /BCP(10nm) /4(100nm) 4r
Bl 4-19%t7 - &5 B 5 7.5nm> AP F I Voci 05V Jc s 2.52
mA/cn? > FF §.54.9 > @ PCE% 0.55% - 4§ 4-20- 4a k> 5
B+ M%%ﬁﬁv@ﬁ%] o

T - 3 A E R Ir(ppz) & A (5nme 4nm> 1nm> 0.5nm) o
B 5 0.5nmy AR R B4R A 5 Voo s 0.4V Jsc i 3.81
mA/cn? p% » FF 5 59.8% » @ PCE 3 0.91% » 4ol 4-21%77% o &2
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TR MR Y B A I e b I E
;

M-MTDATA #g 1t 8255 FF ¢ @ BE 8 4 > € 43.19% 5] 59.8% * Vocis
TP 0.4V e Jged 7.26 MAICM $ne B BT % 7] 3.81

MA/CITT P o A P b it e % B 4 4 4-60

Ir(ppz)s 5 A& (nm) Voc (V) |Jsc (mA/en) | FF (%) | 1 (%)
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

2467 WIBAR T R P Ir(ppz) & & & R

4-5 # & CuPc k& ¢ Pentacene ik &

¥~ 4-4 e % o N PEE BT e > m-MTDATA - &
& & hm-MTDATA 5 4nme Voc & 0.5V Jsc & 7.26 mA/cnd »
FF % 43.1% > @ PCE% 1.56% - m-MTDATA 1% 4 & jefk i 5.3
& BB JSC 7.26 MA/CAHR F] » ¥ 36 &k F s 4o o FF % 14 o 7
Bl AP EE RS 4 R s R B R SRR B0 B 4-22~4-24> FH P
TAPATREE 0 RF AR AP EH R B T B

S

SR T RN SR R S R LR
A-TH 7 7 I 5 & fo RMSAue R o Fpt » 2303 88 Fchj 4§
Pentacené i## %= 1.5 cni/V-s) » ¥| CuPCk 42 » o % 7 Bl:EE R -
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i 4% 22 wit. 396 ~ 5964r 79% e Pentaceng| CuPciz o % i :E 3% & &
i el m-MTDATA = 2 %4k 5 ITO /m- MTDATA(4nm)/CuPc:
(R95 ) Pentacen€30nm) / Cs (40nm) /BCP(10nm) /4 (100nm) -
4oB 4-25477 o kR ewt3% 0 AP E T Voc i 0.5V Jsc b
6.26 mA/cnips > FF % 46.606 > @ PCE% 1.4 & 4 4-26° #ik
B WE.596> 2 1 7 5] 1 B4t 2 B A Voc 5 0.5V Jsc & 7.74 mA/cd
P> FFR_44.3%6 @ PCE: 1726 4rB 4-27° fe b is ik & wt. 7
9%+ AP F] Voc & 0.5V Jsc & 6.66 mA/cripF » FF £.49.3% » @
PCEE_1.319% » 4§l 4-28- 3 & + % % > 4232 OPV cell i 5 &2

B K G MG A4 480

—~

m-MTDATA & & (nm) Surface roughnegs Surface RMS
(nm) (nm)
7.5 2.116 2.768
4 2.931 3.723
3 3.008 3.709

% 4-Tm-MTDATA e g & 22 RMS

Pentacene concentration (wt. %)Voc (V) [Jsc (MA/en?) | FE (%) | 1 (%)
0 0.5 7.26 43.1 1.56
3 0.5 6.26 46.6 1.4¢4
5 0.5 7.74 44.3 1.72
7 0.4 6.66 49.3 1.31

% 4-87 ¥~ H i 7% & CuPck ® pentacenens Ik i % i
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Bipi > AR FTREFEEETF REER E - BTG
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B AP E B F i HAL m-MTDATA 55 & 5 1246k -
M-MTDATA &8 i B & % 4nme Voc & 0.5V Jsc7.26 mA/Cc &

FF%_43.19% > » PCE: 1.56% -

k{4 0 433 Pentacenge. CuPcshi & i Fl A3 4 T 3 5t & on

BHBEFNETEDI-TF A

T e B2 F o 333 WS¢ pantacene

3] CuPciz > OPV cellj&_1.5@6 F 2 1 1.720¢ o 2 i ™ ¥ e if 4
# & ITO /m- MTDATA (4nm) /CuPc: (59 ) Pentacené€ 30nm) / Cgg

(40nm) /BCP (10nm) /48 (100nm) » 4@ 5-1 #7771 -
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