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Abstract
The perovskite solar cells (PSCs) based on carbon electrode (C-PSCs) are expected to address the instability issues faced by conventional PSCs. Re-

cently, inorganic perovskites have been widely used as the light absorber in C-PSCs, which tended to further enhance device stability. Among

various inorganic perovskites, CsPbI3 perovskite has been showing the greatest promise due to its suitable band gap (~1.7 eV) and high chemical

stability. Benefiting from the progresses on phase stability, crystal quality and surface defect passivation, CsPbI3 C-PSCs have achieved the effi-

ciency of over 15% and exhibited considerable enhancement in device stability. In this perspective, the main advances on CsPbI3 C-PSCs will be

highlighted and the future research directions will be proposed.
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Organic-inorganic hybrid perovskite solar cells (PSCs) have

attracted great attention because high power conversion effi-
ciencies  (PCE,  25.7%)  could  be  easily  achieved  by  low-cost
solution-based  processes[1].  The  great  achievement  in  PCE  is
attributed to the advantages of the perovskite absorber: high
absorption  coefficient,  high  mobility,  long  balanced  carrier
diffusion length and low exciton binding energy[2].  However,
the poor stability has seriously limited their practical applica-
tion.

For  conventional  PSCs  (e.g.,  FTO/TiO2/perovskite/organic
hole  transport  material  (HTM)/metal  electrode, Fig. 1a),  the
high-performance organic HTM is commonly doped with ions
(e.g.,  Li+),  which is humidity-sensitive and is easy to degrade,
while  the  metal  electrode  tends  to  be  ionized  during  opera-
tion,  which  would  migrate  through  HTM  to  react  with  per-
ovskite layer for inducing device degradation[3–4].  To address
these  issues,  the  PSCs  based  on  carbon  electrodes  (C-PSCs,
Fig. 1b) were developed, in which carbon electrode simultan-
eously replaced organic HTM and metal  electrode. Since car-
bon materials are stable, hydrophobic and inert to ion migra-
tion, device stability was well enhanced[5].

Though C-PSCs exhibited considerably higher stability than
conventional PSCs, the organic ions (e.g., CH3NH3

+) in the or-
ganic-inorganic  hybrid  perovskites  (e.g.,  CH3NH3PbI3)  would
be  lost  under  harsh  condition  (e.g.,  high  temperature  and
high humidity), which still  limits the device stability. To solve
this  problem,  inorganic  perovskites  (e.g.,  CsPbBr3,  CsPbI3-xBrx

and  CsPbI3)  have  been  employed  in  C-PSCs[6].  The  inorganic
ions (e.g.,  Cs+)  in the inorganic perovskite well  enhanced the
material and device stability, especially thermal stability.

In 2016, inorganic CsPbBr3 was for the first time used as the

light  absorber  in  C-PSCs.  The  PCEs  of  5%[7] and  6.7%[8] were
achieved,  which  were  comparable  to  the  PCEs  achieved  by
the  CsPbBr3 PSCs  with  the  conventional  architecture.  Most
importantly,  the  CsPbBr3 C-PSCs  exhibited  considerably  en-
hanced  thermal  stability  compared  with  organic-inorganic
hybrid C-PSCs.  Soon after,  great progresses have been made
on CsPbBr3 C-PSCs with the PCE raising up to over 11.08%[9].
Although CsPbBr3 C-PSCs show superior  stability  and decent
PCE  was  reported,  the  large Eg (~2.30  eV)  of  CsPbBr3 means
that  it  could only absorb the visible light  below 540 nm and
the theoretical PCE is only about 16%[10].

For  achieving  higher  PCE,  it  is  necessary  to  find  new  inor-
ganic  perovskite  materials  with  narrower Eg (Fig. 1c).  Fortu-
nately,  gradually  substituting  Br  with  I  in  CsPbBr3 would  re-
duce the Eg. CsPbIBr2 and CsPbI2Br are the two representative
mixed-halide  perovskites,  whose Eg were  calculated  to  be
2.05 and 1.90 eV, respectively[10].  By employing CsPbI3-xBrx as
light absorbers in C-PSCs,  the light absorption range was ex-
tended  and  the  short-circuit  current  density  (Jsc)  was  im-
proved.  As  a  result,  the  champion  PCE  of  12.05%[11] and
15.24%[12] were achieved by CsPbIBr2 and CsPbI2Br C-PSCs, re-
spectively.

Compared  with  mixed-halide  CsPbI3-xBrx perovskites,  the
full-I  CsPbI3 perovskite  owns  the  narrowest Eg (~1.7  eV)[13].
However, due to the small size of Cs cations (1.69 Å), the toler-
ance  factor  (t)  of  CsPbI3 perovskite  is  only  0.81,  which  is  too
low to support a stable perovskite structure at low temperat-
ure[14].  Consequently,  CsPbI3 perovskite  phases  (α, β and γ)
would spontaneously  transit  to  yellow non-perovskite  phase
(δ, Eg=2.82 eV) at ambient temperature[15–17]. Therefore, it is a
great  challenge to  grow CsPbI3 perovskite  for  PSCs  and only

 

Received 25 April 2022; Accepted 26 May 2022; Published online

Perspective 

 

© 2022 The Author(s). Materials Lab published by Lab Academic Press

220029 (Page 1 of 3) Materials Lab 2022, 1, 220029

http://orcid.org/0000-0002-7543-3674
http://orcid.org/0000-0002-7543-3674
mailto:chenhaining@buaa.edu.cn
https://doi.org/10.54227/mlab.20220029


very  low  performance  was  obtained  for  the  initial  CsPbI3 C-
PSCs[18].

To  address  the  above  issues,  two  effective  strategies  have
been  developed  in  our  group.  First,  excess  CsI  was  intro-
duced into the PbI2/CsI precursor solution, which would lead
to  the  generation  of  Cs4PbI6 intermediate  phase.  After  im-
mersing  the  Cs4PbI6 in  isopropyl  alcohol  (IPA),  partial  CsI
would dissolve and the Cs4PbI6 could be converted to stable
CsPbI3 perovskite  phase[19].  On  the  other  hand,  HPbI3 (or
DMAPbI3, DMA+= (CH3)2NH2+) was used to replace PbI2 as the
precursor to induce the formation of DMAPbI3 and Cs4PbI6 in-
termediates.  After  removing DMAI,  Cs4PbI6 was converted to
stable  CsPbI3 perovskite.  By  applying  such  CsPbI3 perovskite
in C-PSCs, a promising PCE of 9.5% [20] was obtained with high
stability.

Though  the  phase  stability  of  CsPbI3 has  been  well  im-
proved,  the  crystal  quality  was  still  low,  limiting  the  device
performance.  To  improve  crystal  quality,  elemental  doping
has been exploited[21]. For B site doping, Sb3+ ions were incor-
porated into CsPbI3 solution[19].  After  deposition,  Sb partially
replaced the Pb in CsPbI3 lattice.  As indicated,  crystal  quality
was improved accompanied with the enhancement in phase
stability.  In  addition to  B  site  doping,  A  site  doping was  also
implemented and alkali metal ions (Li+, Na+, K+ and Rb+) have
been used to partially replace the Cs+ ions in CsPbI3. Interest-
ingly, all these ions well improved the crystal quality of CsPbI3

perovskite  and  hence  elevated  the  PCE  of  CsPbI3 C-PSCs  to
about 11%[22].

For  better  passivating  the  interface  and  surface  defects  of
CsPbI3 perovskite,  a  systematic  and  in-depth  study  on  the
growth  processes  of  CsPbI3 crystals  was  conducted  and  the

solution components  were regulated to obtain stable CsPbI3

perovskite and realize the passivation of excess PbI2 on crys-
tal  defects[15].  By  further  treating the CsPbI3 films with medi-
um polarity solvent (e.g.,  ethanol,  IPA),  the harmful  DMAPbI3

residual could be well converted to PbI2 passivator, which not
only eliminated the negative effects of DMAPbI3 but also en-
hanced  the  defect  passivating  effects.  As  a  result,  CsPbI3 C-
PSCs achieved a PCE of 15.35%[23],  a record PCE for inorganic
C-PSCs. In addition to PbI2,  CsX (X: F, Cl, Br) ethanol solutions
were also used to treat the CsPbI3 perovskite.  The larger size
mismatch between X− and I− ions would induce the more ob-
vious  cation  segregation.  The  moderate  size  mismatch
between I− and Cl− ions allows a partial substitution of I− ions
with  Cl− ions  in  CsPbI3,  and  induces  the  generation  of  2D
Cs2PbI2Cl2 nanosheets on the surface, which considerably re-
duced  defect  density  and  suppressed  carrier  recombination.
As a result, the CsPbI3 C-PSCs achieved an PCE of 15.23%[13].

As stated above, much progress has been made on CsPbI3

C-PSCs in recent years (Fig. 1d) and about 15% PCE has been
achieved, but the PCE still largely lags behind those achieved
by  the  conventional  CsPbI3 PSCs  (over  20%)[24–25].  To  further
improve the PCE of  CsPbI3 C-PSCs,  higher  quality  CsPbI3 film
should  be  prepared  with  enhanced  phase  stability  and  re-
duced  defect  density.  Besides,  hole  selectivity  at  the
CsPbI3/carbon should be improved to enhance hole transfer,
and energy level alignment at the interface needs to be paid
more attention.
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Fig. 1    The device structure of (a) conventional PSCs and (b) PSCs based on carbon electrodes (C-PSCs). (c) Energy band diagrams of CsPbI3-
xBrx C-PSCs[10]. Copyright 2021, Elsevier Ltd. (d) Evolution of the reported PCEs of CsPbI3 C-PSCs[13,15,18-23].
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