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Supplementary Information

Device Fabrication:

Five device structures are fabricated stated as below:

1. ITO/PEDOT:PSS(~ 40 nm)/P3HT:PC;;BM(~100 nm)/Al(~120 nm)
2. ITO/PEDOT:PSS( ~ 40 nm)/PTB7:PC7;BM (~90 nm) /Al (~120 nm)
3. ITO/PEDOT:PSS(~ 40nm) /P3HT:PC;;BM(~100 nm) /Ca (~20 nm) /Al (~120 nm)

4. ITO/MoO; (~10 nm) /P3HT:PC7,BM (~100 nm) /Ca( ~20 nm)/Al ( ~120 nm)

5. ITO/MoOj3; ( ~10 nm)/PTB7:PC7,BM (~90 nm)/Ca(~20 nm)/Al ( ~120 nm)
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The patterned ITO glass substrates (sheet resistance = 15 /o) were sonicated in a soap solution,
acetone, and isopropanol for device fabrication. Cleaned ITO glasses were then exposed to
ultraviolet-ozone irradiation for 20 min. In all the devices, the thickness of MoO; was ~ 10 nm,
and PEDOT:PSS was spin-coated at 4000rpm to give a thickness of ~40nm. The active layer is
made from the spin coating of (P3HT:PC7;BM (1:1) and PTB7:PC7;BM (1:1.5) blend, which was
dissolved (25mg/ml in both the cases) in dichlorobenzene. Finally, the Ca (20nm)/Al (120nm)
electrode is thermally deposited in a high vacuum (~8x10-° mbar), over the active layer through a
shadow mask. In all the cases, the active area of the devices was 4 mm?. Further, for the
encapsulation of the device, glass sheet, and epoxy is used. The Current-Voltage (I-V)
characteristics were measured using a Keithley 2420 under 100 mW/cm? simulated AM 1.5 G

solar illumination. The light intensity was measured using a calibrated Si photodetector.
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Figure S 1: The images of active layer (P3HT:PC7,BM, PTB7:PC;;BM) films on a glass substrate

in the dark (a) as well as in sunlight (b) with time.

In the dark, there is no change in the color of the active layer, which supports the negligible dark
degradation in the absorption of the active layer films. There is bleaching of polymer with time
due to photodegradation, as discussed above in sunlight. This bleaching of the polymer can be seen
from the figure, especially in PTB7:PC71BM, which occurs rapidly compared to P3HT:PC;,BM.

Hence the degradation in active layer absorption is mainly happening due to the photodegradation.
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Figure S 2. (a) and (c) Dark and Light Current-voltage characteristics of P3HT:PC;;BM, (b) and
(d) Dark and Light Current-voltage characteristics of PTB7:PC;BM with PEDOT: PSS



(a) 14
& 12
5
<10
£
3.8
2
o 6
o
c 4
o
8 2

—=—O0hr

| ——40 hr
70 hr

| —— 100 hr

—+— 200 hr

—o— 300 hr

[—— 350 hr

. 0.0

0.2 0.4
Voltage (V)

0.6

0.8

(b) 16

2
C
- A A
o O N b

Current Density (mAcm

—=—o0hr
F——23 hr
90 hr
[—— 165 hr
——210 hr
[—— 265 hr
[ ——380hr

0.0

0:2 . 0.
Voltage (V)

Figure S 3. Dark Current-voltage characteristics of P3HT:PC;,BM with (a) PEDOT:PSS, (b)
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Figure S 4. Dark Current-voltage characteristics of encapsulated devices with MoO3 as HTL for
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Table S 1. Photovoltaic parameters for P3HT:PC,,BM with PEDOT:PSS as HTL (Device C)

P3HT:PC,,BM/PEDOT:PS J,. (mA/cm?) Voc FF (%) PCE (%)

S \9)

0 hr 7.68 0.61 58.27 2.73
40 hr 6.65 0.61 54.72 222
70 hr 5.55 0.60 53.75 1.79
100 hr 4.03 0.60 50.45 1.22
200 hr 1.86 0.585 45.95 0.5
300 hr 1.31 0.57 44.19 0.33
350 hr 1.08 0.564 37.75 0.23

Table S 2. Photovoltaic parameters for P3HT:PC;;BM with MoO; as HTL (Device D)

P3HT:PC; BM/MoO; Ji (mA/cm?) Voc (V) FF (%) PCE (%)
0 hr 6.46 0.60 59.16 234
23 hr 6.76 0.59 56 2.24
90 hr 6.18 0.59 55.6 2.03
165 hr 5.53 0.576 533 1.70
210 hr 5.35 0576 523 1.61
265 hr 4.63 0.561  52.6 1.37
380 hr 3.48 0.560  51.8 1.01

Table S 3. Fitting parameters for Device C

Device C
Parameters Fitted Equation bl b2
Isc Jse1(t) = T 5, (0) + byt + bztz -0.0056 8 x 10
Voc Vo @) =V, (0)+ bt -2 x 104
FF FF(t)=FF(0)+bt -8.8 x 104

PCE PCE,.,(t)= PCE,.,(0)+bt+bt* -0.00618 1 x10°




Table S 4. Fitting parameters for device D

Device D
Parameters Fitted Equation b1 b2
Jsc Joer () =T 50, (0) + Dyt -0.00125
Voc Vs (£) = Voen (0) + bt + byt -2 x10* 4 x 107
FF FF,(t) = FF,(0)+ bt + b,t* -6.5x10*  9.8x107
PCE PCE.,(t)= PCE.,(0)+ bt -0.00147

Table S 5. Photovoltaic parameters for encapsulated P3HT:PCBM with MoO; as HTL (Device
E)

Encapsulated P3HT:PC;;BM/Mo0O; J,. (mA/cm?) Voc (V) FF (%) PCE (%)

0 hr 7.57 0.57 58.17 2.51
430 hr 7.17 0.57 56.3 23

650 hr 6.77 0.57 57 2.2

1130 hr 6.7 0.564 56.8 2.15
1850 hr 6.07 0.561 56.6 1.93
3320 hr 59 0.557 56.5 1.86
5600 hr 5.37 0.547 56.8 1.67

Table S 6. Photovoltaic parameters for encapsulated PTB7:PC7,BM with MoOj3; as HTL (Device
F)

Encapsulated PTB7:PC;;BM/M00O; J,. (mA/cm?) Voc (V) FF(%) PCE (%)

0 hr 11.25 0.696 59.3 4.64
75 hr 11.17 0.690 60.0 4.66
120 hr 10.24 0.686 60.1 4.22
650 hr 10.10 0.680 60.0 4.18

800 hr 8.41 0.670 51.3 2.89




Simulation study:

The transport limited photovoltaic response can be described in terms of the quasi-Fermi level

splitting by replacing external voltage with internal voltage (Viuema) through [171,

dJ
I/internal V ( o ) (Sl)

The electrical conductivity o depends on the position of the quasi-Fermi level, which is defined by

[1],

V
o= 2 N ex internal Sz
qHy p{ 7 j (52)

TH

Where, N; is intrinsic charge carrier density, q is Coulombic charge, Vg is thermal voltage defined
as kgT/q

Therefore, a closed-form expression of the J-V curve under transport limited condition can be

o +Js

derived using well-known relations, V. =V, ln[ ] with the assumption J) << J; [2],

N

J=Jp {exp{( V’ Voc )} } (S3)

So, we can rewrite the Eq. (S1) as,

V= Vintema[ + [—dJPH {GXP |:( mter;;[ OC ):| }J
o TH
V. V. vV
Vlntemal dJPH exp (_ internal J{exp (Mj exp (—ﬂj _ 1}
2q Uy N, 2V, Vo Vi
. emal dJ PH { exp[ Vinternal jexp —@j —exp (_ Vintemal ]}
244N, 2V Vin 2V
+ &exp (— VOC ] eXp M] exp [_hj —exp (_ I/vinternal jexp( VOC ]
internal
2qu,N, 20, 2, 2, W, W,
= V:ntemal + d‘]i eXp [_ ij 2 Sinh[ ( internal OC ]
2qll’ld N[ 2VTH

Y

BN



dJ v, . T .
=V, o T {iexp[— L j( e ~Voc )} (Using the simplification sinh(x) — x )

2qu,N, 2V, Viu
= internal + a( internal OC) (84)
where,
:JP—HdeXp(_VOCJ (S5)
2kyT p, N, 2V

Inserting the value from Eq. (S4) into Eq. (2) leading finally [2],

(¥ =Voc)

J=J,,ex ol -1 S6
PH{ p[(1+a)VTHJ } ( )
As we know that at open circuit condition V = Vi, = Voc. Using this condition, Equation 2 leads

to a well-known expressionV,,. =V, ln( ] This is reasonable because the current density is

S

zero at open circuits, and transport issues are irrelevant.

Finally, putting the value of exp [—@j _Is , where J = gdk, N7, o can be rewritten as,

TH PH

d*\Jk
o = G, (S7)

20,V

Table S 7. Value of a for different devices understudy

Time Device C  Time Device D Time Device E  Time Device F
(hr) (hr) (hr) (hr)

0 3.05 0 3.1 0 2.8 0 33

40 3.8 23 4 430 2.9 75 3.34

70 3.92 90 4.1 650 2.95 120 34

100 4.7 165 4.7 1130 3 650 3.85

200 5.95 210 4.8 1850 3.05 800 4

300 6.4 265 4.9 3320 3.1

350 6.8 380 5.05 5600 3.12
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