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Abstract: The CH3NH3PbI3 perovskite has great interest due to good candidate for low cost solar 

cell and photodetector.  The research of this report is to investigate the effect of growth time to 

the morphology of ZnO NRs and its performance of solar cell and photoresponse . The ZnO NRs 

were grown at growth time of three and four hours on the ZnO seed layer using hydrothermal 

method. While perovskite CH3NH3PbI3 were synthesized by one-step spin coating. The 

CH3NH3PbI3/ZnO NRs samples was characterized by x-ray diffraction for structural properties 

analysis and scanning electron microscopy for morphological properties. The The CH3NH3PbI3 

/ZnO NRs samples performance was measured by solar simulator under light illumination. The 

XRD results show that PSC has ZnO and CH3NH3PbI3 phases with small impurities of PbI2. The 

growth time increases the length of ZnO NRs and in combination with CH3NH3PbI3 can enhance 

performance of solar cell and photoresponse. 
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1.  Introduction  

Perovskite is one of the new photovoltaic materials for renewable solar energy [1], due to among the 

abundant perovskite materials with structural form of CH3NH3PbI3 have a band gap of 1.5 eV and 

excellent light absorbing characteristic, low exciton-binding energy, fast photogeneration, excellent 

charge carrier mobility, and long electron-hole diffusion [2]. The structural of perovskite solar cells 

(PSC) consists of Electron Transport Layer (ETL), Light Absorption, and Hole Transport Layer (HTL). 

Each layer plays an essential role in enhancing the PSC performance, such as efficiency and stability. 

Nowadays, the power conversion efficiencies of PSC can achieve up to 23% [3]. However, the instability 

of PSC remains a challenge for application [4]. Perovskite CH3NH3PbI3 ions are easy to degrade in a 

humid environment [5]. Various efforts have been studied to solve this problem, for example by 

modifying the ETL structure layer.   

Among several materials, which are applied as ETL, zinc oxide (ZnO) received great attention due 

to it has a large band gap of ~3.3 eV with large excitation binding energy 60 meV and high electron 

mobility. ZnO in the form of nanorod is more effective in collecting charges due to larger surface area 



IC2MAM 2018

IOP Conf. Series: Materials Science and Engineering 515 (2019) 012089

IOP Publishing

doi:10.1088/1757-899X/515/1/012089

2

 
 
 
 
 
 

[6]. Several methods based on chemical synthesis of ZnO NRs have been reported, for example, 

pyrolysis [7], sol-gel [8], and hydrothermal with  one step or two step method [9,10]. 

Several works have successfully synthesized CH3NH3PbI3 perovskite as photodetectors [11]. 

organolead halide perovskite shows photoresponsivity 22 and 12 AW-1 by shining 405 nm and 532 nm 

lasers [12]. More effort has been made to increase photosensitivity in broadband spectra, such as the 

introduction of a bipolar  MoO3 interface layer between electrode perovskite and the electrode can 

increase photoresponse speed with rising time and decay time of 21.6 and 9.9 ms, respectively [11]. 

Ultrahigh responsivities with low-voltage high-gain based on perovskite in a broadband region from the 

ultraviolet to the near infrared have been  reported by Xie et al. [13].  However, photodetectors with 

low-cost and facile solution process remains a challenge.  

In this study, we report the effect of ZnO NRs morphology in combination with CH3NH3PbI3 

perovskite to the performance of solar cell and photoresponse. The different morphology of ZnO NRs 

produced from the variation of growth time at four and three hours. ZnO NRs synthesized using a two-

step hydrothermal method whereas CH3NH3PbI3 coated by one step spin coating. We use the Cu2O layer 

as hole transport material synthesized by chemical bath deposition.     

2.  Methods 

ZnO NRs were synthesized by the hydrothermal method. ZnO nanorods were grown on ZnO seed layer 

on ITO glass. The ITO glass was cleaned using acetone, and deionized water in the ultrasonic cleaner 

for 15 min. The ZnO seed layer was coated by spin coating with a sol-gel solution, containing zinc 

acetate dihydrate, ethanol, and monoethanolamine. Zinc nitrate tetrahydrate was dissolved by deionized 

water using magnetic stirrer at room temperature for 25 min for ZnO NRs precursor solution. 

Furthermore, the coated ZnO films were dipped in ZnO NRs solution at temperature 90 0C with growth 

time variation at 4 and 3 hours using the hydrothermal method. Then the samples were annealed at 400 
0C for 15 minutes.  

CH3NH3PbI3 layer was fabricated using a one-step spin coating method. Firstly, The CH3NH3PbI3 

solution precursor consists of methylammonium iodide (CH3NH3I), and the PbI2 powder was mixed 

with dimethyl sulfoxide (DMSO) solution and N, N-dimethylformamide (DMF). Then, the CH3NH3PbI3 

solution was coated on the ZnO NRs layer by spin coating for 20 s at 3000 rpm. Then, the anti-solvent 

diethyl ether was dropped on to the CH3NH3PbI3 film. The sample of CH3NH3PbI3 film was preheated 

with the face-up position for 1 min at a temperature of 40 °C and annealed with face-down position at a 

temperature of 100 0C for 10 min.  

Cu2O layers as a Hole Transport Layer (HTL) was prepared by using chemical bath deposition. 

NaOH was diluted by aquadest at a temperature 700C as A solution. Then, CuSO4 and Na2SO2O3 

dissolved in aquadest as B solution. Then A and B solutions were mixed. The ITO substrate was 

immersed in to mix solutions to form a yellow Cu2O layer.  

PSC devices are formed like the schematic as shown in Figure 1 where the layer structure consists 

layers of ITO/ZnO Nanorods/CH3NH3PbI3 and Cu2O/ITO film. PSC device was characterized with 

X'Rert Pro Panalytical XRD for structural properties and SEM (Merk FEI, Type: Inspect-S50) for 

surface morphology. Solar cell performance measured by solar simulator under 20 mW/cm2 

illumination. Whereas, the photoresponse performance measured by electrometer Keithley 6517A.   
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Figure 1. Schematic Illustration of PSC device 

3.  Results and Discussion 

The diffraction pattern of the CH3NH3PbI3/ZnO NRs shown in Figure 1 where sample A and sample B 

are CH3NH3PbI3/ZnO NRs with growth time of 4 and 3 hours, respectively. The XRD pattern analyzed 

by comparing with crystallography open database (COD)  with ID 7218931 for CH3NH3PbI3 phase and 

American Mineralogist Crystal Structure Database (AMCSD) with ID 0011819 for PbI2 phase and ID 

0005203 for ZnO phase. The XRD result shows that the diffraction pattern of sample A and B consists 

of CH3NH3PbI3, PbI2, and ZnO nanorods phases. The Phase of CH3NH3PbI3 appears at 2θ 14.370, 19.970, 

23.460, 24.620, 28.360, 30.220, 40.470, 43.030 can be indexed to (110), (112), (211), (202), (004), (220), 

(213), and (224) planes, respectively. While, the angles at 31.840, 34.410, 36.510, 47.230, 56.540, 60.730 

can be identified as ZnO phase. The 2θ of 12.410 related with PbI2 phase.The diffraction pattern of 

CH3NH3PbI3 perovskite  is in accordance with previous results reported by Yu et al. [12]. The original 

compound of CH3NH3PbI3 perovskite is tetragonal crystal structure and space group of I4/mcm. The 

highest peak of ZnO NRs in Sample A is (101) plane with 2θ of 36.510. While for sample B is (100) 

plane at 2θ 31.840. This phenomenon indicates that the growth time ZnO NRs affect the crystal 

orientation. 

 

 

Figure 1. XRD pattern of the ITO/ZnO NRs/ CH3NH3PbI3 with different growth time  



IC2MAM 2018

IOP Conf. Series: Materials Science and Engineering 515 (2019) 012089

IOP Publishing

doi:10.1088/1757-899X/515/1/012089

4

 
 
 
 
 
 

Figure 2 shows the SEM image of CH3NH3PbI3/ ZnO NRs for Sample A and Sample B. The 

distribution and diameter size of Sample A and B are similar. In contrast, the cross-sectional of the SEM 

image in the inset of Figure 2 shows the different length of ZnO NRs. The ZnO NRs at the growth time 

of 4 hours has length rod around 500 µm. While for a growth time of 3 hours seems not growing well. 

The growth time effects to the length rather than the diameter of ZnO NRs which is similar with the 

previous result reported by Pacholski et al. [15]. Therefore, the growth time of ZnO NRs should be 

longer than 3 hours in order  to grow well.  

 

 

 Figure 2. Morphology of the CH3NH3PbI3 /ZnO NRs with different growth time (a) 4 hours, (b) 3 

hours. The inset is the cross section of ZnO NRs.  

 

The current graph density versus voltage (J-V) of CH3NH3PbI3 /ZnO NRs obtained from solar 

simulator measurement shown in Figure 3.  Based on this graph then can be obtained the solar cell 

parameters performance as summarized in Table 1. Sample A with growth time of 4 hour has a power 

cell efficiency of 0.41% higher than sample B with growth time of 3 hour due to longer rods have better 

in light absorption light [14].  

Table 1. Performance parameters of the ZnO nanorods based on CH3NH3PbI3 perovskite solar cells 

Parameter Sample A Sample B 

Isc  (mA) 0.05 0.07 

Jsc (mA/cm2) 0.03 0.04 

Voc (V) 2.89 1.26 

Fill Factor (%) 0.49 0.36 

Pmax (mW) 0.07 0.03 

Imax (mA) 0.03 0.04 

Vmax (V) 1.88 0.81 

Rs (ohm) 1492 2388 

PCE (%) 0.41 0.19 

 

 .    
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Figure 3. Graph of  current density (J) as function of  voltage (V) of CH3NH3PbI3/ZnO NRs for 

sample A ( growth time of 4 hours) and sample B (growth time of 3 hours) 

 

In general, the performance of photoresponse of CH3NH3PbI3/ZnO NRs measured by electrometer 

Keithley 6517A under on/off light illumination cycle as shown in Figure 4.  The current change in 

sample A is around 10 mA and stable up to the fifth cycle. While the current change in sample B is 8 

mA for the first cycle and decrease to 3 mA after the fifth cycle.  This result indicates that the long rods 

of ZnO play an important role in photoresponse performance. Moreover, time rise of both sample is 

short and similar, whereas time decay of sample A is longer than sample B. Time rise of both samples 

is shorter due to the illumination of light in ZnO NRs produces electron-hole pairs [ ]h e h − +→ + . 

Therefore, excitation electrons from the conduction band to valence band are more efficiently. at the 

same time, the hole will oxidize the oxygen ions on the surface 
2 2[ ]O h O− ++ → . When the light turns 

off, the releasing hole in long Rod that reacted with oxygen ions is more difficult due to the oxidation 

process is also take times to oxidize [22]. Consequently, times decay in long rods of sample A is higher 

than sample B. 

 

Figure 4. Photoresponse of the device ZnO nanorods based on CH3NH3PbI3 perovskite solar cells 
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4.  Conclusion 

The growth time affects the length rather than the diameter of ZnO NRs.  The length of ZnO NRs with 

growth time of 4 hours is around 500 nm. The structure of the perovskite CH3NH3PbI3 layer has been 

synthesized successfully with tetragonal crystal structure and space group of I4/mcm. The best power 

efficiency cell of ZnO NRs/ CH3NH3PbI3 is 0.4%. The ZnO NRs/ CH3NH3PbI3 with the longer rod has 

stable photoresponse. The ZnO NRs with long rods improves both the solar cell and photoresponse 

performance. 
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