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     Perovskite solar cell has emerged to become a key player in the 
photovoltaic community. With such a rapid efficiency evolution 
from 3.8% in 2009 to 22.1% in 2016 using versatile solution deposi-
tion processes from cheap materials and tunable bandgap, per-
ovskite solar cell is very promising in either stand-alone device or 

End of year Closures
ACT - 22nd December 2016 – 4th January 2017 

WA - 23 December 2016 - 9th January 2017

tandem structure with silicon cells to achieve higher performance 
and reduce the cost of photovoltaic modules. Figure 1 shows a 
typical device structure and how it works from the favorable band 
energy alignment of the electron transport layer (TiO2), absorber 
(perovskite) and hole transport layer (PTAA). 
     The organic-inorganic metal halide perovskite structure takes 
the form of ABX3, where A is normally an organic mono-positive 
cation such as methylammonium (CH3NH3) (MA) or forma-
midinium (HC(NH2)2)  (FA), B is a metal cation such as Pb, Sn 
and X is a halide anion such as I, Br, or Cl. The presence of the 
organic cation is one of the major concerns with the stability of 
perovskite solar cell under operational conditions. Moisture, light, 
heat and electrical bias can all have a significant impact on the 
lifetime of the device, which emphasizes the need for finding more 
stable perovskite compositions.
     We partly replaced the organic cation FA/MA by an inorganic 
cation rubidium (Rb) with much smaller ionic size to aim for 
more stable perovskite material. The substitution is expected to 
further tune the Goldschmidt tolerance factor to the vinicity of 
1, which is ideal for a stable black perovskite phase. By studying 
the effect of Rb doping under different amounts of excess PbI2 
presented in the perovskite material, we found:

Structural engineering using Rb cation for stable and high efficiency perovskite solar cells

Figure 1: (a) SEM cross-sectional image of perovskite solar cell (cp-TiO2: compact 
titanium oxide prepared by Atomic Layer Deposition and ms-TiO2: mesoporous 
titanium oxide prepared by spin coating as the electron transport layers; perovskite 
prepared by spin coating as the absorber; PTAA: Poly[bis(4-phenyl)(2,4,6-trimeth-
ylphenyl)amine] prepared by spin coating as the hole transport layer) (b) Vacuum 
energy levels (in eV) of corresponding materials.

•    The sucessful incoporation of Rb into the perovskite lattice, 
which results in the shift in the XRD peaks and the reduction in the 
bandgap of the perovskite material
•    The complete suppression of the unstable yellow phase per-
ovskite and reduction in the PbI2 phase enables the defect-free 
perovskite material with longer lifetime and better electron transfer 
to the electron transport layer

Figure 2: (a) The left shows the SEM images of the perovskite films with 10% 
of Rb substitution. The right shows the CL image of the perovskite films on 
the left picture with a 605 nm long pass filter. The green masks represent the 
location of PbI2 phase while the red mask represent the Rb – rich phase. The 
scale bar is 1 µm. (b) CL spectra of PbI2, perovskite and Rb – rich phases.

•   The improvement in the both performance especially in the 
fill factor of perovskite solar cells. The highest performance of 
18.8% was obtained.
      The excess of Rb doping (≥ 10%) however has a detrimen-
tal impact on the cell performance. As examined from the 
cathodoluminescence study of perovskite film in Figure 2, the 
forming of Rb-rich phase with a broad spectrum is marked 
with red masks. It inhibits the charge transfer between the 
perovskite and electron/hole transport layers and reduce both 
the open circuit voltage and fill factor of the cell.
     More importantly the thermal and photo stability of the 
perovskite cell is significantly improved. Figure 3 show the 
comparison of light stability of control sample and sample with 
Rb addition. The efficiency of the control cell encountered a 
large drop of 30% in the first 10 h and then stabilized with no 
further degradation until 100 h. In contrast, the 5% Rb doping 
cell encountered a softer drop of 10% in the first few hours, but 
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Congratulations to 
everyone, 2016 has been a wonderful 
year of great accomplishments, in-
cluding awards, publications, confer-
ences and networking.  
      This will be the last newsletter 
before the end of the year, all the 
staff at the ACT Node & WA Node 
would like to take this opportunity 
to wish everyone a very happy festive 
season and New Year.  We can’t wait 
to see what 2017 brings. 

Frater Award winners, 
announced at the 2016 ANFF 
Annual Research Showcase. 
(From left to right- Dr Li Li 
(ANFF-ACT), Dr Wael Al 
Abdulla (ANFF-Q), Dr Yang 
Lim (ANFF-Vic), Dr Hemay-
et Uddin (ANFF-Vic), Dr 
Donghoon Chang (ANFF-
SA), Dr Robert Frater AO)

Frater Award
Congratulation to ANFF ACT’s Dr Li Li, on receiving the Frater award at the recent 
ANFF Showcase, in recognition of her efforts and dedication.
The Frater Awards are  named after our inaugural chairman Dr Bob Frater, seen in 
the picture, below.  We would like to congratulate all the 2016 recipients of this award. 

Publications 
With so much research being published we appre-
ciate when you acknowledge when the facilities are 
used.  If you wish acknowledge the ANFF ACT or 
WA Node to all you need is a phrase such as ‘This 
work has been made possible through the access 
to the <ACT Node/WA Node> of the Australian 
National Fabrication Facility’
Or see other phrases on our website, where all publi-
cations that have an acknowledgement are listed. 
http://anff-act.anu.edu.au/HTML/Publica-
tions_2016.html 
If you have acknowledged the ANFF ACT and your 
publication is not on the list please send a copy of 
the publication link to Sue.Berkeley@anu.edu.au.

http://www.anff.org.au/australian-national-fabrication-facility-network.html

Article courtesy of The Duong  & Kylie Catchpole 

CECS, ANU

Sue.
Merry Christmas 

From everyone at the ANFF

Farewell
This month ANFF ACT Node farewelled Jason Stott – MOCVD Technical Officer.  
We wish him all the best.

Continued from page 1

Did you know?
The Australian National Fabrication Facility links 8 nodes and 21 univer-
sities/institution across Australia to provide researchers and industry with 
access to state-of-the-art fabrication facilities.

Figure 3: Monitoring the performance of control sam-
ple and sample with Rb doping under continuous white 
light illumination

then it recovered to around 
the initial efficiency until 
100 h. This enhancement 
can be partially attributed to 
the complete suppression of 
the yellow perovskite phase 
upon RbI doping, which im-
proves the structural stability 
of the material. Moreover, 
Rb addition is expected to 
reduce the generation of 
hydrogen iodide (HI) from 
MA/FA cations under light.
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on, et al., “Structural engineering using rubidium iodide as a dopant under excess 
lead iodide conditions for high efficiency and stable perovskites,” Nano Energy.
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