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ABSTRACT

In recent years, perovskite solar cells have attracted attention due to their increased
power conversion efficiency, simple manufacturing process, low-cost materials, and
unique properties such as band tunability, high electron and hole mobility, and low
exciton binding energy. Also, the efficiency of perovskite solar cells has exceeded 25 %
due to the high quality of perovskite film, synthesis methods, coating, and appropriate
electrode materials. This article examines the recent progress of perovskite solar cells,
structure, and types of coating methods to understand better and gain complete insight
into perovskite solar cells. In the following, some types of perovskites, holes, and
electron transfer layers are compared, and their effect on solar cell efficiency is
reported. Finally, the types of perovskite coating methods with large and small areas are
discussed, and the challenges and opportunities of perovskite solar cell
commercialization are suggested.
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Figure 1: Three-dimensional structure of perovskite (18).
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Table 1: Some properties of perovskite (10).

Low costs

Properties

The energy gap suitable for the solar

spectrum (1.5-2.5 eV)
Strong absorption coefficient (105 cm™) Non-toxic

Excellent and balanced carrier mobility
(800cm2/Vs)

Fault tolerance

Long term stability
High performance
Bipolar capability -

Long carrier lifetime and emission -
- Low coupling with excitons (less than 10

meV)
PI quantum efficiency (70%) -
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Table 2: Some types of perovskite, hole transfer layer, electron transfer layer and their conversion efficiency.
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Figure 2: Normal perovskite solar cell structure (18).

(a) n-i-p structured PSCs (b) p-i-n structured PSCs
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Figure 3: (a) p-i-n structured perovskite solar cell, (b) n-i-p structured perovskite (51).

(a) n-i-p mesoporous PSCs (b) n-i-p planar PSCs (c) p-i-n planar PSCs
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Figure 4: (a) perovskite solar cell mesoporous structure, (b) n-i-p planar structure, and (c) p-i-n planar structure (53).
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Figure 5: Electrons transfer and holes transfer in a perovskite solar cell (55).
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Figure 6: Energy levels of electron transport materials (ETL) (58).
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Figure 7: Energy levels of hole transport materials (HTL) (63).
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Table 3: An overview of perovskite solar cells, structure, electron and hole transfer layers.

JSC/ PCE

ITO/CuOX/PVSK/PCBM/ Planar
C60/BCP/Ag p-i-n PCBM CuOx 225 07 2016 (74)

ITO/PTAA/SANs/PVSK/ Planar
PC61BM/Bphen/Al p-i-n PC61BM SANs 11 23.46 0.767 20.05 2018 (76)

ITO/PTAA/PVSK/C60/B Planar C60/BCP 2020 (78)

CP/Cu p-i-n

1DA-VAE ¥ (16T \Y /55, sl ) wilsllow (Sele &y yuin



\74 s Ugdw il S Hudl Glachd julus (o) 33/ YR 9 o w9 Z M s

(¥ Jsaz adlsl)
Cellscure -_---
e ZP'B“(C:;’/%S K/Coof Pp'alnﬁr C60/BCP 2PACz 19.3 2022 (79)
Tig;%’&g;}%{_mku Mes;f’_'i’_opmus Cp'TTi%émp' PHT 0.97 23.9 062 144 2016  (80)
Tiggﬁ,’\%‘;/i%m'ﬁ\u Mesr?_?_"pmus Cp'T}?élmp' PTAA 111 25 0817 226 2017  (81)
F_T%/(gfl-g\l/%wp- Mesn"_‘i’_‘:ws Cp'TTi%imp' SpircOMeTAD 1162 2378 0788 22 2018 (82)
spiro-OMeTAD/Au
TiFoTﬁl\C/@E/i(c)i . Mesr?_"i’_oprous Cp'TTi%Zzlmp' Cu,0 1.15 22.20 074 189 2019  (83)
__FTO/ep-TiO,/mp- Mesoporous cp-TiOx/mp- .
T|02/PVSlé//ipL:roOMeTA n-i-p TiO, /SpiroOMeTAD 111 23.81 0.66 17.59 2021 (84)
mpTi('):;I;F?\//cSp}-(-;slgizr/oOMe Mesr?_?_opmus Cp'TTiioozimp' SpircOMeTAD 111 235 077 20 2022 (65)
TAD/AU
Fzgig"gﬁgg'g\’g)fg” MeoRools ma-sn0, A 104 2063 061 13 2023  (48)
S';Trgg,\i/%;\gs/ﬁ Pr:f“i'];r TiO, SpiroOMeTAD ~ 1.01 235 079 2027 2017  (38)
EZ?’FT!-,%T c\)/j/'fg/ Pn'?i’];r Tio2 SCZF-5 111 20.4 074 221 2018  (85)
'Ts?)’ifg%ﬁg’%'%ﬁu"\” Pr:f‘ir_‘gr SN0, SpircOMeTAD  1.16 24.9 081 2356 2019  (86)
szmg,\izﬁ\g;x Pn'f‘irfgr TiO, SpircOMeTAD 132 1532 083 1679 2020  (87)
FTOS:J?E)%?AEEE’/%SK/ Pr:f“i'];r PEDOT:PSS  SpiroOMeTAD 1.1 23.98 079 2056 2021  (45)
S';L‘gg,\iﬂ%%?ﬁ Pn'?i’];r TiO, SpircOmeTAD 1.1 218 073 175 202  (65)
ol 003l g 3gd e el Wl L Jal> (6 glaes az 9970 Collugy Gand s> b Jshe o5 Cuslools plis Clades

MP-TiO, Y (g bsle olss a5 caul oads ool oLt .l oo
oSy p o, Slee p s & (Jodsw g Cwalbes o2l ojlail aiile
3 sty BB Sl s Y S Sllgas olys g, oSh
oSy p soeb o> S ol @8 ju Sy 95 3,90 50 .(FO)
pin g5 Jisle jo CulSusy slasho b
Vo ST L o2y ity slo sk drwgs gl ol sanliwsse
Sele b colllug p Bladaes OVl giluaigy s, oo Hlai 4

oleadly 2 YL

adllae 9,50 yiion @pda Joko g9 (nl ol (55955 P-i-N g9
N IPCE I IRVARSR S R O [0 ISP NP I
sheslaul Jdo 4y Ve jlade o9 ol boylisle ol Lol cans
i 0 ,See 5l alis ) ol P g N g9 conlinls Ll slaasy
WS (g0 S Ll S g A g WS o0 xS el Callug Y

FY)

Cllwg g o 95 Jokw Y p JT sl 36 -Y-F
S iy (saadygn Jshaw 50 03,58 jsboay I olse
ool 5 slacus 5o bose culSug p slaolKiws Pdlol iy,

& Boes a5 st e sl Jsbo a4 Cans 65V o33k sl
s oo Jsb 3 55 MP-TION 2 Sg 5 (b 4 5
ol o935 sl ke (FO) Conl oad a3 b slalal>
St dpde o elede g 0ole (00,5 GRS JJo 4 e
39 oS sl Y o Glsie 4 it (TI0D) el aenSTss
(EQ=3.2eV) o] b slig 1 el 00l onliziul by ylSug
ol OT) cl g5l Qde pailey Bl 4 ln celie
ol )8 958Ul 32,55 (6l CalSasgp b ceslio Wb 515 Bl yaens
35S sasms JUil aY CouiS ols Vb e Sl il culls
ETL $ o)l beuug, o Slas Sgn 50 (onge il
Slod 33 5 93 oo 553 CulSwgyy 51 e b oad W sl 2SI
obed 5l aS WS e Jes cuiSogase Y (G gl 4 cle;
(FTO) j5ishs L oad wip gl a5 Lo (s poins
oh g o« 1ESs WL TIO, slaarY (il by oS o 5 25 5l
Ol gl 5 055
o3z ;o ETL G cwles mhans
S5k b 9eaST6S 595 2 (MP-TIOY) H3950 4Y S g,
5 odion Gl ol a5 il rals Juls JUisl Jsbo

CoculSag s Syse 45 (FF) wil sapdsy SIS

Lol jagl YooY

DA-WAE ¥ (G /1 55) sl ) wilalloe (el &g s



e SOk calw )3 Al LS iy () 2/ O 9 o uwgd ZUS |ysoww

Tobs o 5 (PCL) ™ 55 LS L (PANI) ksl Ly
Solamb 5 0 Shee 35 sl S5 Jool, S plie 4 (PU)
ooliwl b () San o 7 gils (V1) Canl oas U358 g Sang
Coglie b CulSugn 59eb )93 Jsbe (PEG) JoSol5 oLl 5
YL miwiash ) aislu e Sogh ) ol 0 azgs LB
Hloml e, w8 2550 1) O JsSse (naiz wlg (o0 a5 PEG
e s a5 PEG oy (2Spm s g5l Lol il oo
oassn JuSis asols )8 cw)y 3560 |y (MAPDIS) pogel
OLPEG ()5eST ol piz 5 el sl G (e (S350
sl Jslow ;o oaisS lauly S laae 4y ales co dlge ol a5 0ls
s Geimmen (YY) wig B eolaiwl ColSwg p gt )55
o ol 5 e 09 S eaas JLasl sl olgS il
25 Lyl §) o5 Sinss ol 5 Y LTI L slacalSns
b 23S 5 M Lilgans Jlto lsie &l ot (3155 aY
YU cuinS b ok 3 TPMMAY @ St e Ly ) ooliul
oams JLanl an¥ s o plg S ulidla as wisls ail)|
Y e ol @ e cnlply 00,8 S ol 5 52l
690 sl el sl ookl (YY) Cuwl ool et Sgups 9 Jled
~0os8 J=8920-3) (o 098 S5 920-38) (b Goeen
Jueil @l Gl jslaie 4 PCaBM oly a (Js3bokissmss
6l a5 jhilen (FA) Cond oud (3155 CulSKsg Y 5l g 2SI
09958 Al oy (g xSl oams Jlal g colSug Y sla Jogsdl
Syt el Wl o o 00> ot JUinil ¥ 4 JT (s yardy s
L ot LSan 7 Sl 953 5 posly 5008,55 Jsbos lanil o
au¥ 4 '(PS) bl (b s PMMA (Ggyno poily 58 (40458
Sgrte 0530591 Cnd 4 |y 3oy YV 035 6,0 sasas Ll
ol opdle sl o oS g ol Jldd s 4 lend,
4o Lo Jol> gl miial g 098 o0 S9dme S50 yob 4 (9 xSl JLa]
Voc 09t 4 y2nke 45 0,5 (0 D jg0 conlio (sladg Sl Ceons
saias JLitl —allsb lgie 4 PCDTBT ok 5l oyl 093 oo
bl il oo 3 VA @ VEIY 5l leddly g 05,8 solil o i
Slgze & 'PVBI-TFS § PTAA faen (5,500 (5 poub olge (YY)
e Job g ledily S5t sl 0yim oaims JUST Y s (S35

(FR) Sl oals (5155 CalSs y (90855 sl

 Polypropylene carbonate
%5 polycaprolactone

%8 polyurethane

7 Zhao

'8 Sivania

19 poly(methyl methacrylate)
2 Song

2 Polystyrene

50 T olgo slas )5 Laslfws e 5 Mol ioljél 2
L oyde L samo JLisil sl losie 4 (gond ;5 slo sk
534S Sl oad ggiie Jln (F3938) Sl plgae 4 by o9 xSl
sloay wed o oolanal L Y Sy e 4 b oS 5 sloay
5 PTAA P3HT .'PEDOT:PSS wile (s youly 0 ,a5 soms Jli!
ColSmgn 393 Jobw j0 00008 1o b an ((TPD) (L s
slabes o Jolore el alozjl olge cpl (sblse ailons oolawl
ol bwg Yo i S o0 Sl (g pdySllanil (0l
Slgs (pl syl .l 356 sloay JSis ol ¢ 7030
RSP [+ [P PNy INURRCIEE I | SRS L SRVCON SN [C A OO
G55 Lo ol wdgi sl 6,505 o yordy 5l s o
(PAND) o LT L 09 o ool F5e g Caoud sl colSng
s JEsl olul st s 4 a5 cl P g sblo, pory
5SisSI sl ol 53 Vpome coslin (gl 5 (aazma (sl
Slosgs d355, slps ay b G002 593 sl ol 0ile
S S S5 slaelSiws 5 b S o T 5 0025 ool
Olg—edy CulS gy Jlad ay 0 )PA FA(Cwl ool a s §
"PCE0BM 4 SPCTOBM o5 5l ¢, Job liiive 5 ponls sl giog3dl
Y)Y Jelis 60 ¢y Jod siion 95 3 5 35 oo saliiul”
= (V) =By yun g0 (A D) = (Sshagn S S (S5
SV ) - by o o (A ) - S5l 5-Y 5 CBO - (5 )
Szl )0 0,00 camo JLaul g seds g ool 3w CB0 - (£ &)
o, Y Lo Jily8l b as” cul ooy solainl pri-n g4 prdanee
PTB7 (ygmen (6,500 (5 posls sla 509381 (VF) Cal 004y ol por
Vo) el oacsy 5155 JLsd 4Y s PDPT' y m-MTDATA"
5,8 Gl (59938l dlge lgie 4y calisee JT sl oy 5 oolal
L by sbojob g Jo5ois sl e Joho (55l
&l 2l 8L b cl b ColSus o 55 sl e
O (6 andy Slos 5l eolaiwl .ol ppo Lo ] Lol
JTPCDTBTT «(PED "' sl 05kl (PEG) JsSulS ksl L
(PPO)™ (Sl S ohas) b «PVPY T (ogadsm Joes) b

'poly(3,4-ethylenedioxythiophene) polystyrene sulfonate
2 Poly(3-hexylthiophene)

® poly(triaryl amine)

* Poly(N,N'-bis-4-butylphenyl-N,N'-bisphenyl)benzidine
5-('i,'i) phenyl-C60-butyric acid methyl ester

6 (6,6)-phenyl-C70-butyric acid methyl ester

7 Thieno(3,4 b)thiophene-alt-benzodithiophene

8¢ 14 ¢ Tris(phenyl(m-tolyl)amino)triphenylamine

% 3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine

10 Polyethylene glycol

" polyethylenimine

12 poly(N-9"-heptadecanyl-2,7-carbazole-alt-5,5-(4',7'-di-2-thienyl-
2',1'3'-benzothiadiazole))

3 polyvinylpyrrolidone

DA-WAE ¥ (G /55) 6L ) wilalloe (el &g s



s Ugdw Al ) Hudl Gl julus () 33/ YR 9 P iawgd T Dyaoun

oy o i delol

Ty By —1-)-0

PR gy G2 4 gyle g (n fodle (B3 2 (RIS
Collawsny sloan¥ CleS wom) sl a5 Sl Joloxe b ool
23 o9 lasb st sl Bame (35, (ol 2395 oo o3lia
(S G 50 (Jgene jbods 398 o0 oolitnl S oS han
Ay () sleany (69; sl Jelone celis jlade o
Jslno U5 555 o il 2 YU ety by s o] 51 s 05 oo
rhd ol Sl 5 232 5l G ep ol Py (SL2
s 095 adgi ColSamg p podiis Ml slad¥ B 99 o0 iy
5 6B slepeslS e 598 Jlail g (S 4 e o5y
594 S gy & SlaiaY (D) 55 e 03l lags]
Lo (A JS28) 0,5 (oo O )90 lad> 1095 5 (slalo 0S5 )90
OlsS o537 Gt Ol 9 L (RS 2 e e i
ot el lanily (VL 0 S dge ) oled oS g culis
oy YV sgas g, ol 5leslaul Uy a8 iolosl uliae
(A0) ol 00 byl

! Bis(trifluoromethylsulfonyl) imide)
2 Spin Coating

| One -step spin-coating

MAI+Pbl,/DMF

Spreading
5 =/
E L

Annealling

Collwg py FLiS @Y b gy B0 -0
acgezmay o )b (ol O g0 Lol SliiaY sla s,
Ly slad o Sy gy o, 5l oolind b slisay il e lag)]
9 4 pdine yobo 4 (9 5N o Jobo 098 oo ploxl (slal> 090
S gy Jle jeb an (V) o)l (S 4l Cg) ol
3sbsse jlosliiwl L S5U pled Cgm) Cullng slal> 1o
Sleslaiwl U (glads> 1098 gy a5 Jl> 3o sl Pbl; CH3NHsI
sleas¥ L5 05 5 o ploxil Phly g CH3NHgl oolo 99 0 lam g
S osliiul s a8 glaayy oed oy a3 o)l 5 oSy SLlS
4S5 aiws gleoax ol w0 Cans 4 Gl 0 S g
e Job o)l Wgdgo 09 S 0 jd> Sazme S 5 4 e
3 S i e S L lal jogd ey SLESAY 55 558
99 Dy 53 pizred Bl e sld> e S g Slaplid
AN Sl Jige el o S Dgm ) S Sy J ST sl 5o

Jolxe by o sba gy V-0
SLapkd Co) Sl 9y (R R Jslre 2 (e B,
slabs, sl ool by Jodowo Ly g ool culSug 5y S3U
(A0) s oaoibg (AQ) iS5 > o inder wiile calisue
(AY) ,9l,5 Ol «(0F) ladlagr Ol (W) il o iig
5 Lo,y ol 0sd e plodl (AT) SIS 02 b (20 jidsy g

Two —step spin-coating
Pbl,/DMF

Dripping

y
MAI/IPA u

~!___'. Dripping
/)
\/Spinning
1

= e T

VAnnealling

= .

. 7

Figure 8: One-step and two-step spin coating (51).
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Figure 9: Perovskite coating by drop casting method (88).
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Table 4: Coating methods of perovskite solar cells.

I S 2 e
Spin coating MAPbI; 0.16 19.3 2016 (26)
Spin coating MAPbI; 1 0.96 21.89 0.788 16.6 2017 (123)
Spin coating MAPbI; 31.71 13.65 1.25 0.65 11.09 2018 (124)
Spin coating MAPbI; 10 5.13 4.76 0.64 1562 2019 (125)
Spin coating Cs0.05(FA0.92MA0.08)0.95PD (10.92Br0.08)3 11 1.17 241 0.816 23 2020 (78)
Spin coating FA.,CsyPb(l1xBry)s 0.34 1.09 20.3 0.71 15.9 2021 (67)
Spin coating MAPbDI; 1 111 235 0.77 20 2022 (65)
Spin coating MAPDI; 11 1.04 20.63 0.61 13 2023 (48)
Blade coating MAPDI; 1.1 0.95 22.05 0.77 16.26 2018 (123)
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Coating Perovskite Active layer ISC/ PCE (%) | Year
method cm mAcm-2

Blade coating MAPDI; 2019 (126)

Blade coating FA0.83Cs0.17Pb(10.87Br0.13)3 2021 (127)

Slot-die MAPbI3-xCI 151.87 0.679 11 2018 (129)

Slot-die MAPbI, 60.08 12.87 2020 (131)

Slot-die (Cs0.22FA0.78)Ph(10.85Br0.15)3 19.52 2022 (133)

Spray coating MAPDI; 2018 (135)

Spray coating CsFAPbI; 2020 (137)

Spray coating MAPbDI; 13.32 2022 (138)

Inkjet printing MAPbDI; 2016 (116)

Inkjet printing MAPDI; 21.88 0.765 15.74 2018 (30)

Inkjet printing FAPDbIXBr3-x 16.87 12.26 2020 (138)

Inkjet printing CsPb(BrxI1x)s 22.85 17.89 2022 (141)

HCVD CsSnBr3 12.71 2017 (142)

HCVD FAPDbIXBr3-x 0.665 2019 (144)

HCVD Rb0.04Cs0.14FA0.86Pb(Brylly)3 6.243 15.13 2021 (122)

Roll to Roll MAPDI3 19.81 2016 (143)

Roll to Roll (FAPDI3)0.95(MAPbBr3)0.05 0.736 2020 (92)

Roll to Roll MAPDI3 11.24 2022 (147)
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