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Figure S1. (a) Optical absorption spectrum and (b) XRD pattern of CH3NH3PbI3-XClX perovskite thin film. 
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Figure S2. EDX spectra of (a) CH3NH3PbI3 and (b) CH3NH3PbI3-XClX perovskites. 

 

Growth of NiO and Cu@NiO thin-films 

To grow NiO thin films, 0.4 M solution of nickel acetate tetrahydrate in 20 mL  methanol was prepared. 

Diethanolamine (0.4 M) was then added drop-wise to this light-green colored homogeneous nickel acetate 

solution. The color of the solution change form to deep-green and finally a blue tint appeared when no 

more diethanolamine was added ensuring formation of Ni(OH)2. This solution was spun on a substrate to 

form thin-films which were annealed at 425 °C for 15 min to form uniform and strongly adherent NiO 

thin film.  

To introduce copper ions in NiO structure, a stoichiometric (5 at%) amount of copper chloride dihydrate 

was added in the nickel acetate tetrahydrate solution in methanol. The rest of the procedure was kept 

unaltered. 
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Figure S3. (a & b) Optical absorption spectra and (c & d) Tauc plot of NiO and Cu@NiO thin films. (e) XRD 

pattern of NiO and Cu@NiO thin films. Inset of (a) and of (b) show photograph of the respective films.  
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Figure S4. (a) Optical absorption spectrum, (b) Tauc plot, and (c) XRD pattern of Cu2O thin film formed through 

SILAR technique. Inset of (a) shows a photograph of the film.  

 

 

 

 

 

 

 

 

 

 

 

Figure S5. Energy band-diagrams of the (a) NiO/MAPbI3/PCBM and (b) Cu@NiO/MAPbI3/PCBM device 

architectures. The dashed line represents the Fermi energy after contact. 

 

 

 

 

 

 

 

1.5 2.0 2.5
0.0

0.2

0.4

0.6

0.8

1.0

(
h

)2
 i
n

 1
0

1
7
 (

e
V

/c
m

2
)

 

 

Energy (eV)

(b)

300 400 500 600 700 800 900
0.0

0.2

0.4

0.6

0.8

1.0

 

 
A

b
s
o
rb

a
n
c
e

Wavelength (nm)

(a)

20 30 40 50 60 70 80

 

 

In
te

n
s
it
y

2  (degree)

(111)

(200)
(220)

(311)

(c)



S5 
 

3 4 5 6 7 8 9
0

1

2

3

4

5

 

 

C
o

u
n

t

 (%) 

(c)

0.80 0.85 0.90 0.95 1.00 1.05
0

2

4

6

8

10

12

 

 

C
o

u
n

t

V
OC

 (V)

(a)

13.5 14.0 14.5 15.0 15.5 16.0 16.5 17.0
0

1

2

3

4

5

 

 

C
o
u
n
t

I
SC

 (mA/cm
2
)

(b)

20 25 30 35 40 45 50 55 60
0

1

2

3

4

5

 

 

C
o

u
n

t

Fill Factor (%)

(d)

0 
m

7.44 µm

7.
44

 µ
m

0 m X”

Y
”

0 
m

7.44 µm

7.
44

 µ
m

0 m X”

Y
”

0 
m

7.44 µm

7.
44

 µ
m

0 m X”

Y
”

 

 

 

 

 

 

 

 

 

 

 

Figure S6. Histogram of (a) VOC, (b) ISC, (c) , and (d) fill-factor of  Cu2O/MAPbI3/PCBM solar cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S7. Surface morphologies of the MAPbI3 perovskite films deposited on different HTLs along with their 

RMS roughnesses. 

On glass without any HTL 

RRMS= 62.7 nm 

On NiO thin-film 

RRMS= 19.4 nm  

On Cu@NiO thin-film 

RRMS= 15.0 nm  

On Cu2O thin-film 

RRMS= 5.3 nm 
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