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Hokel 1: B Ao FAWE S4 o)
AAd 1 WA 3 E vl 19] FH Aol AF-Ad IS Keithley model 2400 source measuring unit 7]

1% Agste] 100 mi/em Al71e] Bl AN 1.56 27 sheld 9 F, ol=yE Bawst sy gk L of
HAHS a8 T8kl

<Al 1>

R

%ﬂ%(FF) = Pmax/Pideal = ([m X Vm)/([sc X Voc)
<Al 2>
NAAAFEL(PCE, %) = Vie x Joo x FF

A7 A1 R 2 7, L2 A dEAHAMe] AR dmola, K2 AW AN At gholal, Lo dE A

Fola, V&= F ME dAgeln, J.& 9 AREZA Hu AFE JERAT.
T 2% & 32 A 1 UiF 3 F Bl 19 B 2] AR-AY A4S B=AE, ] 2 1 % % 2¢
FAAs vl g 2 ouxdE 288 YERIY. @, © 2 2 E 1L 1700 rpno 2 A¥ ] AW
F4FS EFT FA 2ol gl A W, E 3R E 2 2000 rpno® mHke] YW FRYFE £
gk F Ao #gk Zlojt),
<3* 1>
Concentration rpm 3
of Zddc (wt%)| (Active layer) Vac: (V) sdsc {mAlcm?) FF PEELW
| _M=e1 | 00 | | 079 | ___ 17.63 | _ 044 | 6.13 |
| dAa1 |03 e 079 | 1834 | 042 | | 609 |
| MMz | 06 || 078 | ___ 18.60 | _ 045 | 653 |
AAlof 3 0.9 0.79 18.46 0.43 6.27
<3 2>
Concentration rpm 2
of Zddc (wt%)| (Active layer) Voc (V) [Jsc(mAlem?)( FF PCE (%)
| Haa1 | 00 | | 079 | __- 17.24 | 048 | 654
| wAar |03 | P 079 | 1823 | 048 | 691
| =Me2 | 06 || 079 | __- 1846 | 046 | 671
Al 3 0.9 0.79 18.14 0.49 7.02

Hrtd 2: F ST Hrt
AAle] 1 WA 3 & vlae] 19 FA Ao AF-HAd A4S Keithley model 2400 source measuring unit 7]

1% AHgskel 100 mii/em A719) B AV 156 27 StlA -3.0 V A 0.9 V A el P F, o]z
e 4% deug gk @ & E(detectivity, D¥)E T3FT).

<2 3>
SHER) = T/ Liigne

<2l 4>
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Jon = Jtignt — Jaark
<Al 5>
Dx = R/(ijd)l/2 = (Jon/Liignt)/ (ijd)w

A7) A 3 UA 5, q= A4 Aske] AgrezA 1.6 x 10 COlT, LimE H
m/en o3, L= AR, L FARAE, = GAR (E= FAAR)S Uebac

12 7 A A9 3.0 V UIA 0.9V A Tl Ao
bol AR-A% B4 ehlE 2(log) 2AY el

=
vl
] E 3 -L0V 2 -3.0 VIS 2% sebelel gk 2 AERE vehar,
<3t

LL

3>

c Romot At-1V At-3V

of ) gt (MAVCZ)J g (MAVCM?)| Jyyy (MACM?) | R(AIW) D gt (MACM?)|J gor (MACM?)| Jyiy (MACM?) | R(AIW) D
Hjmof 1 0.0 18.9568 | 5.230x102 18.952 1.895x107 | 4.633x10° | 21.1806 | 3.492x102 21.146 2.115x10" | 2.000%10°
A0 1 03 1700 18.2848 | 2.240x10° 18.283 1.828x10" | 6.829x10° | 20.1279 | 7.560x10° 20.120 2012x10" | 4.091x10°
Ao 2 0.6 18.2282 | 1.610x10° | 18227 | 1.823x10" | 8.030x10° | 20.3489 | 4.790x10° | 20.344 | 2.034x10" | 5.196x10°
Ao 3 0.9 184218 | 3.075%10* | 18421 1.842x10" | 1.857x10" | 19.7714 | 9.742x10* | 19.770 | 1.977x10" | 1.120x10"
H|moj 1 0.0 19.0547 | 2.345x102 | 19.031 1.903x10" | 2.197x10° | 20.8174 | 8.157x102 | 20.736 | 2.074x10" | 1.283x10°
AAjo 1 03 2000 18.5746 | 5.660x10° | 18.569 | 1.857x10" | 4.363x10° | 19.7685 | 2.032x102 | 19.748 | 1.975x10" | 2.449x10°
AAlof 2 0.6 184624 | 1.080x10° | 18.461 1.846x10" | 9.931x10° | 19.4586 | 6.750x10° | 19452 | 1.945x10" | 4.185x10°
AAjof 3 0.9 18.8642 | 2.042x10* | 18.864 | 1.886x10" | 2.334x10" | 20.0021 | 9.792x10* | 20.001 | 2.000x10" | 1.130x10%

37 = 4 2 E 3

ol AT = Sl mkek o], FBAT TSk A fle], mlue] 19 A
& X AAlel 1 WA 39 3 A8 HERVE 9 Avs AE &

e b

upbA] el o Fddd W f71eS dEES A S Gl e Fd e B2 22 3

SEE 7H S dd

Bl 3: H&7Z EA Hr)

A7 A1Fe 2W EAS Hrlsl] 938k, A7) AA AdEF Aol A" AT ol 2z B "oy ¥

AE7S FHsa, o 2435 = 69 YERAY.

T 62 T3 A = %ol ES "oy A, By 1E%9 ZddcR ZYITFE HEZbo] HAa A

A7) AFE B9, ZddeE £33 Al FHLS AFAS WoE A 3 £ 9

o2 &3, AFAHS WE 0 AR AEF T Aol FFAAFES FANIE A B A2FAEE we A7) Al
] F2A , T¥o] ¥} FEa, FEA AR Ed 2 AR

Al

2
ot
~ %
o
Q
=]
=t

g = act resistance)o] 74 st
At 1 AT, FH AR o] R} dd F &S ST F U

Foeo HY
100 Bd 2=
110: A1AF
130: Ax HE 99
150: FEAAS

190: A2A=
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=y
EH]
;10
190
150
130
110
=02
15
——0.0 Wt%
S p—p
S 5L ——06wWt%
g ol ——0.9 wt%
2z
= 5L
C
3 -10
g -15}
3 -20%’;
-25 : -

-1.0 -0.5

0.0
Voltage (V)

0.5
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k1

F1

g
3%)

Current density (mA/cm?)

g
IN

Current density (mA/cmz)

15
0.0 wt%
0 o3wi%
51 0.6 wt%
[ s 0
0 0.9 wt%
5L
10 +
15|
-20
25 — 1
-1.0 -0.5 0.0 0.5
Voltage (V)
5 l
0
— 0.0 wt% (active layer 1700 rpm)
— 0.3 wt% (active layer 1700 rpm)
-5 | ——0.6 wt% (active layer 1700 rpm)
— 0.9 wt% (active layer 1700 rpm)
0.0 wt% (active layer 2000 rpm)
-10 F—— 0.3 wt% (active layer 2000 rpm)
0.6 wt% (active layer 2000 rpm)
15 _—0.9 wt% (active layer 2000 rpm)
-20

Voltage (V)

ZIHSd 10-2019-0013110



=95
10*
£ 10
2
= 10°
>
7
o
3 10
5
= 10"
=3
O
10
=46

N

e— 0.0 wt% (active layer 1700 rpm)
—— 0.3 Wt% (active layer 1700 rpm)
: 0.6 Wt% (active layer 1700 rpm)
E—— 0.9 wt% (active layer 1700 rpm)
L 0.0 wt% (active layer 2000 rpm)
0.3 Wt% (active layer 2000 rpm)
4 0.6 wt% (active layer 2000 rpm)
F— 0.9 Wt% (active layer 2000 rpm)

Voltage (V)

Solvent : distilled water

0.0 wt% 8 0.3 wt% !

348 52% 57 71°

0.6 wt% .

_16_
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