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Figure S1. Schematic structure of device configuration a). Energy diagram alignment b). AFM micrograph of thick 
AgNW layer, showing representative AgNW morphology.  

 

 

 

Figure S2.  Schematic representation of the deposition process with FCD-GQ (left hand side) and the multi-step 
slow annealing profile (right hand side). The film is spin coated at the final speed (FS) with an acceleration time of 6 
seconds and a spinning time of 35 seconds. At the second 39 the film its washed with 300 µL of Chlorobenzene and 
then dried with a moderately strong flux of nitrogen during 10 seconds with the gun pointed 90 º from the surface 
normal at a distance of 5 to 10 cm. 
 

 

 

Ill. Stats. 

0
10
20
30
40
50
60
70
80
90

100

300 400 500 600 700 800

EQ
E 

[%
]

Wavelenght [nm]

BV1 2000 rpm; Jsc = 17.43 mA/cm^2
BU2 1000 rpm; Jsc = 20.36 mA/cm^2
BU3   900 rpm; Jsc = 20.38 mA/cm^2
BU4   800 rpm; Jsc = 20.91 mA/cm^2
BU5   700 rpm; Jsc = 21.93 mA/cm^2

-10
0

10
20
30
40
50

300 400 500 600 700 800

Di
ff.

 E
Q

E 
[%

]

Wavelenght [nm]

50

60

70

80

90

100

110

120

0 10 20 30 40 50 60 70 80 90

Te
m

pe
ra

tu
re

 [º
C]


Time [min.]

0
2
4
6
8

10
12
14
16
18
20
22

300 400 500 600 700 800

Js
c 

[m
A/

cm
2]


Wavelenght [nm]

BV1 2000 rpm; Jsc = 
17.43 mA/cm^2

Js
c 

[m
A/

cm
2]


Wavelenght [nm]

S
C

 d
e
p

o
si

tio
n

S
o
lv

e
n
t 

in
d

u
c
e
d

 F
C

D

S
C

 d
e
p

o
si

tio
n
, 

1
0
0
 µ

L

N
itr

o
g
e
n
 G

Q

Ill. Stats. 

0
10
20
30
40
50
60
70
80
90

100

300 400 500 600 700 800

EQ
E 

[%
]

Wavelenght [nm]

BV1 2000 rpm; Jsc = 17.43 mA/cm^2
BU2 1000 rpm; Jsc = 20.36 mA/cm^2
BU3   900 rpm; Jsc = 20.38 mA/cm^2
BU4   800 rpm; Jsc = 20.91 mA/cm^2
BU5   700 rpm; Jsc = 21.93 mA/cm^2

-10
0

10
20
30
40
50

300 400 500 600 700 800

Di
ff.

 E
Q

E 
[%

]

Wavelenght [nm]

0

2000

0 5 10 15 20 25 30 35 40sp
ee

d 
[rp

m
]

Time [sec]

0
2
4
6
8

10
12
14
16
18
20
22

300 400 500 600 700 800

Js
c 

[m
A/

cm
2]


Wavelenght [nm]

BV1 2000 rpm; Jsc = 
17.43 mA/cm^2

Js
c 

[m
A/

cm
2]


Wavelenght [nm]

FS

Ill. Stats. 

0
10
20
30
40
50
60
70
80
90

100

300 400 500 600 700 800

EQ
E 

[%
]

Wavelenght [nm]

BV1 2000 rpm; Jsc = 17.43 mA/cm^2
BU2 1000 rpm; Jsc = 20.36 mA/cm^2
BU3   900 rpm; Jsc = 20.38 mA/cm^2
BU4   800 rpm; Jsc = 20.91 mA/cm^2
BU5   700 rpm; Jsc = 21.93 mA/cm^2

-10
0

10
20
30
40
50

300 400 500 600 700 800

Di
ff.

 E
Q

E 
[%

]

Wavelenght [nm]

50

60

70

80

90

100

110

120

0 10 20 30 40 50 60 70 80 90

Te
m

pe
ra

tu
re

 [º
C]


Time [min.]

0
2
4
6
8

10
12
14
16
18
20
22

300 400 500 600 700 800

Js
c 

[m
A/

cm
2]


Wavelenght [nm]

BV1 2000 rpm; Jsc = 
17.43 mA/cm^2

Js
c 

[m
A/

cm
2]


Wavelenght [nm]

0.0001!

0.001!

0.01!

0.1!

1!

10!

100!

-0.5 0 0.5 1 1.5

Cu
rre

nt
 D

en
sit

y 
[m

A/
cm

2 ]

Voltage [V]

60%RH w.o. D-ZnO
60%RH w.    D-ZnO
20%RH w.o. D-ZnO
20%RH w.    D-ZnO

-20

-10

0

10

20

0 0.2 0.4 0.6 0.8 1 1.2

Cu
rre

nt
 D

en
sit

y 
[m

A/
cm

2 ]

Voltage [V]

60%RH w.o. D-ZnO
60%RH w.    D-ZnO
20%RH w.o. D-ZnO
20%RH w.    D-ZnO

0.0001!

0.001!

0.01!

0.1!

1!

10!

100!

-0.5 0 0.5 1 1.5

Cu
rre

nt
 D

en
sit

y 
[m

A/
cm

2 ]

Voltage [V]

60%RH w.o. D-ZnO
60%RH w.    D-ZnO
20%RH w.o. D-ZnO
20%RH w.    D-ZnO

-20

-10

0

10

20

0 0.2 0.4 0.6 0.8 1 1.2

Cu
rre

nt
 D

en
sit

y 
[m

A/
cm

2 ]

Voltage [V]

60%RH w.o. D-ZnO
60%RH w.    D-ZnO
20%RH w.o. D-ZnO
20%RH w.    D-ZnO

Friday, June 5, 15

a)

c)

ITO

PEDOT:PSS

MHP

PC60BM

ZnO

AgNW

- +

-3.8

-5.3

-4.0

-5.9

-4.2

PEDOT:PSS

ZnO

AgNW
-4.8

-5.1
-4.8

M
HP



PC
60

BM


ITOE 
(e

V)


1 µm! 5 µm!

5 µm 20 µm
200 nm

100

0

-100

-200

110 nm

50

0

-50

-110

b)



 
 

 3 

 

Figure S3. Absorbance spectra of bare perovskite active layers deposited at different speeds with the FCD-GQ 
method. Films casted at 600 and 500 rpm show a downtrend in the band of wavelengths below 500 nm.   

 

 

 
Figure S4. a) Diffractions peak intensities corresponding to perovskite films fabricated with and without FCD-GQ 
treatment, resulting in a difference in the (110):(220) intensity peak ratio. b) GIXRD patterns for bare films 
fabricated with the SSE method in ambient conditions (25ºC, 45% RH) using toluene and diethyl ether as 
antisolvents. c) Full GIXRD patterns of PEDOT:PSS film and ITO layer. 
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Figure S5. Photocurrent responses over time of semitransparent devices. All values are normalized by J-V 
characterization. All measurements were taken under illumination with a solar simulator emitting an AM 1.5G 
spectrum at 0.1 Wcm2. a) Current density response for one on and off cycle. b) Consecutive on-off cycles. 
Normalized applied voltage corresponding to the maximum power point (Vmpp) of J-V characterization, c) and e). 
Normalized, measured current density at maximum power point (Jmpp), d) and f). In e) Vmpp is interpolated from J-V 
measured every second and applied to the cell, f) is measured by applying the updated Vmpp. d) is measured under 
initial Vmpp conditions. 
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Figure S6. Variation of metrics over 100 devices, where the gray boxes represent the error within 2 standard 
deviations, and the red line is the average. All values are normalized by the average value. J-V characterization was 
performed under LED illumination under nitrogen atmosphere. 

 

 

Figure S7. Flowchart for the IQE evaluation, on opaque and semitransparent devices, accounting for all cavity 
interference and parasitic absorption effect.  
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Figure S8. Time lapse sequence for solvent-solvent extraction fast crystallization of a thin perovskite layer over the 
structure glass/ITO/PEDOT:PSS. Process was recorded in ambient conditions (25ºC and 45 %RH). Anti-
solvents were toluene and diethyl ether for a) and b), respectively. See also complementary video.   

 

 

Figure S9. J-V characterization for devices made with the DEE method. Comparison between toluene and 
diethyl ether extraction solvents, showing how toluene performs better for in highly transparent devices 
with thin perovskite films. 
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Figure S10.  Optical constants n and k obtained by measuring total transmission and total reflection spectra of a 
peroskite film assisted with FCD-GQ with a thickness of 280 nm. Optical constants were modeled with software 
NIKA (commercially available in: http://lpvo.fe.uni-lj.si/en/software/nika/). 

 

 

 

Table S1. Metrics summary for opaque devices using the FCD-GQ method. Thickness and grain size information. 

ID Grain Size (µm)1 Thickness (nm)1 EQE Mea. (mA/cm2)1 PCE (%)1,2 

FCD-OP1 ~ 72   (70±18) 14.59 (14.54±0.04) 10.12 (10.10±0.02) 

FCD-OP2 ~ 102 (100±18) 15.61 (15.38±0.16) 10.71 (10.47±0.17) 

FCD-OP3 1.41 (0.86±0.24)3 158 (129±18) 17.54 (17.43±0.08) 12.20 (12.04 ±0.14) 

FCD-OP4 2.23 (0.95±0.41) 259 (238±16) 20.36 (20.32±0.04) 14.97 (14.69±0.24) 

FCD-OP5 2.47 (1.65±0.44) 295 (272±17) 20.38 (20.22±0.22) 14.51 (14.38±0.10) 

FCD-OP6 4.13 (1.92±0.73) 310 (298±18) 20.91 (20.89±0.01) 14.43 (14.31±0.14) 

FCD-OP7 6.49 (3.41±1.09) 366 (339±16) 21.93 (21.56±0.32) 15.99 (15.75±0.24) 
1 Grain size statistics were taken over 100 measurements, Thickness values 10 measurements, and PCE and EQE 
values were taken from 12 working devices. 
2 PCE values are calculated using short circuit photocurrent extracted from EQE measurement. 
3 The display of the results is as follows: maximum value (arithmetic mean ± standard deviation). 
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Table S2. Metrics extracted from J-V characterization of opaque devices using the FCD-GQ method under solar 
simulator. 

ID PCE (%)1 FF (%) Jsc (mA/cm2) Voc (V) 

FCD-OP1 11.45 (10.10±0.02)2 75.81 (74.41±1.93) 15.91 (14.78±0.94) 0.96 (0.96 ±0.00) 

FCD-OP2 11.23 (11.03±0.17) 73.63 (73.00±0.43) 16.27 (15.38±0.37) 0.96 (0.96 ±0.00) 

FCD-OP3 12.20 (12.04±0.15) 74.55 (73.03±1.30) 18.79 (18.49±0.30) 0.94 (0.94 ±0.00) 

FCD-OP4 14.97 (14.69±0.24) 78.62 (77.21±0.76) 20.43 (19.87±0.70) 0.95 (0.95 ±0.01) 

FCD-OP5 14.38 (14.51±0.10) 75.14 (73.97±0.88) 20.20 (20.18±0.87) 0.96 (0.95 ±0.01) 

FCD-OP6 14.43 (14.31±0.14) 71.98 (71.70±0.25) 21.30 (20.26±1.93) 0.96 (0.94 ±0.03) 

FCD-OP7 15.99 (15.75±0.24) 76.06 (74.13±1.37) 22.05 (21.93±2.95) 0.99 (0.97 ±0.03) 
1 PCE values are calculated using short circuit photocurrent extracted from J-V characterization. 
2 The display of the results is as follows: maximum value (arithmetic mean ± standard deviation) over 12 devices. 
 
 
Table S3. Metrics summary of semitransparent devices using the FCD-GQ method.. 

ID Thickness (nm) EQE Mea. (mA/cm2) PCE (%)1 AVTa AVTb Ta
550 nm  Tb

550 nm  

FCD-ST1   72   (70±14) 11.55 (11.40±0.10)   7.81   (7.68±0.10) 42 37 27 24 

FCD-ST2 102 (100±17) 14.23 (13.99±0.26)   9.55    (9.47±0.06) 33 29 20 17 

FCD-ST3 158 (129±18) 17.32 (17.01±0.54) 10.81 (10.58±0.17) 28 23 12 9 

FCD-ST4 366 (339±16) 19.10 (18.90±0.14) 12.95 (12.78±0.17) 18 14 4 1 
1 PCE values are calculated using short circuit photocurrent extracted from J-V characterization. 
AVTa is the % average total transmittance measured in device excluding the electrode. AVTb is for full device. Both 
measured in the range of wavelength 400-800 nm. T is the % transmittance at 550 nm. The super index ‘a’ refers to 
devices excluding the electrode and ‘b’ is for full cell. 
 
 
Table S4. Metrics extracted from J-V characterization of semitransparent devices using the FCD-GQ method under 
solar simulator. 

ID PCE (%)1 FF (%) Jsc (mA/cm2) Voc (V) 

FCD-ST1     7.95  (7.47±0.02)2 72.23 (70.47±1.77) 11.83 (11.22±0.59) 0.97 (0.96 ±0.01) 

FCD-ST2 10.15  (9.60±0.17) 72.07 (69.47±2.30) 14.91 (14.27±0.43) 0.98 (0.97 ±0.01) 

FCD-ST3 11.41 (10.88±0.32) 69.38 (65.71±2.36) 19.97 (17.01±1.26) 0.97 (0.97 ±0.01) 

FCD-ST4 12.95 (12.78±0.17) 70.86 (69.96±0.65) 21.44 (19.19±1.44) 0.97 (0.96 ±0.01) 
1 PCE values are calculated using short circuit photocurrent extracted from J-V characterization. 
2 The display of the results is as follows: maximum value (arithmetic mean ± standard deviation) over 12 devices. 
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Table S5. Metrics summary of semitransparent devices using the SSE method. 

ID Thickness (nm) EQE Mea. (mA/cm2) AVTa AVTb Ta
550 nm  Tb

550 nm  

SSE-TE1 84±19    9.54  (9.44±0.10) 33 28 18 15 

SSE-TE2 40±24       4.37   (4.30±0.05) 50 46 45 42 

AVTa is the % average total transmittance measured in device excluding the electrode. AVTb is for full device. Both 
measured in the range of wavelength 400-800 nm. T is the % transmittance at 550 nm. The super index ‘a’ refers to 
devices excluding the electrode and ‘b’ is for full cell. 
 
 
Table S6. Metrics extracted from J-V characterization of semitransparent devices using the SSE method under solar 
simulator. 

ID PCE (%)1 FF (%) Jsc (mA/cm2) Voc (V) 

SSE-TE1       8.12   (7.70±0.38)2 71.77 (70.00±1.55)   11.22 (11.22±0.27)   1.03 (1.03±0.01)   

SSE-TE2     3.55   (3.07±0.37) 65.55 (63.50±1.69)   5.40 (4.79±1.44) 1.03 (1.01 ±0.01) 
1 PCE values are calculated using short circuit photocurrent extracted from J-V characterization. 
2 The display of the results is as follows: maximum value (arithmetic mean ± standard deviation) over 12 devices. 
 
 

 
 

 
Figure S11. a) Comparison between our results and recent progress in OPV1–13 (solid black circles) and the latest 
semitransparent perovskite reports14–20 (solid blue circles) in terms of average visible transmittance. The reported 
average transmittance plotted varies in range being 400 nm to 800 nm the broadest. b) Digital image of a full cell 
fabricated with the SSE-TE approach.  
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