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Perovskite solar cells: an emerging

RESEARCH: Revid

photovoltaic technology

Nam-Gyu Park

School of Chemical Engineering and Department of Energy Science, Sungkyunkwan University (SKKL), Suwon 440-746, Republic of Korea

Perovskite solar cells based on organometal halides represent an emerging photovoltaic technology.
Perovskite solar cells stem from dye-sensitized solar cells. In a liquid-based dye-sensitized solar cell
structure, the adsorption of methylammonium lead halide perovskite on a nanocrystalline TiO; surface
produces a photocurrent with a power conversion efficiency (PCE) of around 3—4%, as first discovered in
2009. The PCE was doubled after 2 years by optimizing the perovskite coating conditions. However, the
liquid-based perovskite solar cell receives little attention because of its stability issues, including instant
dissolution of the perovskite in a liquid electrolyte. A long-term, stable, and high efficiency (~10%)
perovskite solar cell was developed in 2012 by substituting the solid hole conductor with a liquid
electrolyte. Efficiencies have quickly risen to 18% in just 2 years. Since PCE values over 20% are
realistically anticipated with the use of cheap organometal halide perovskite materials, perovskite solar
cells are a promising photovoltaic technology. In this review, the opto-electronic properties of
perovskite materials and recent progresses in perovskite solar cells are described. In addition, comments
on the issues to current and future challenges are mentioned.
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perovskite solar cells
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B Guangda Niu, Xudong Guo and Liduo Wang*
In recent years, the record efficiency of perovskite solar cells (PSCs) has been updated from 9.7% to 20.1%.
However, there has been very little study of the issue of stability, which restricts the outdoor application of
PSCs. The issues of the degradation of perovskite and the stability of PSC devices should be urgently
addressed to achieve good reproducibility and long lifetimes for PSCs with high conversion efficiency.
Without studies on stability, exciting achievements cannot be transferred from the laboratory to industry

Received 2 14 =
vl 21t Sepiapilvar 20 and outdoor applications. In order to improve their stability, a basic ur g of the
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process of PSCs in different conditions should be acquired wvia thorough study. This review summarizes
DL 20.103/03104994 recent studies of the relationship of the chemical stability of PSCs with their environment (oxygen and
www.rsc. org/MaterialsA moisture, UV light, solution process, temp J and ponding possible solutions.
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Toxicity of organometal halide
perovskite solar cells

Aslihan Babayigit, Anitha Ethirajan, Marc Muller and Bert Conings

In the last few years, the advent of metal halide perovskite solar cells has revolutionized the prospects
of next-generation photovoltaics. As this technology is maturing at an exceptional rate, research on its
environmental impact is becoming increasingly relevant.

Kinetics of Pb and Sn intoxication Assessing the perovskite life cycle
Here, a summary is provided of how Several life cycle assessments (LCAs)
Pb and Sn from OHPs could enter the and similar studies on perovskite solar

human body and how these elements are technology have been reported™ .

pl’OCESSEd. In the case of Pb, the contents Prevention thrcugh encapsulation
of this section are condensed into a scheme  Considering the intoxication hazard

(Fig. 1) for clarity. No scheme is reported  inherent to the current OHPs, effective
for Sn, as the data available in the literature precautionary measures against the
are currently not sufficient to provide a liberation of Pb compounds from a
comprehensive picture. perovskite module are imperative.
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Breakthrough: Phase-Pure
2D Perovskite Films

Fei Zhang'* and Kai Zhu'

Obtaining phase-pure 2D perovskite films will extend the under-
standing and applications in various optoelectronic fields. Recently
in Nature Energy, Liang and coworkers first present phase-pure 2D
perovskites by replacing BAl with BAAc, showing stronger ionic co-
ordination with the perovskite framework) A PCE of 16.25% with
enhanced stability was obtained.
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“Organometal halide perovskites have recently emerged as a
promising material for high-efficiency nanostructured devices. ”
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Many different photovoltaic technologies are being developed
for large-scale solar energy conversion' . The wafer-based first-
generation photovoltaic devices' have been followed by thin-film
solid semiconductor absorber layers sandwiched between two
charge-selective contacts’ and nanostructured (or mesostructured)
solar cells that rely on a distributed heterojunction to generate
charge and to transport positive and negative charges in spatially
separated phases'*. Although many materials have been used in
nanostructured devices, the goal of attaining high-efficiency thin-
film solar cells in such a way has yet to be achieved™'Organometal
halide perovskites have recently emerged as 3 promising material
for high-efficiency nanostructured devices" ' Here we show that
nanostructuring is not necessary to achieve high efficiencies with
this materialta simple planar heterojunction solar cell incorporat-
ing vapour-deposited perovskite as the absorbing layer can have
solar-to-electrical power conversion efficiencies of over 15 per cent
(as measured under simulated full sun].ighl@l’his demonstrates
that perovskite absorbers can function at the highest efficiencies
in simplified device architectures, without the need for complex
nanostructures.|
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high efficiencies with this material”
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“a simple planar heterojunction solar cell incorporating vapour-
deposited perovskite as the absorbing layer can have solar-to-electrical
power conversion efficiencies of over 15 per cent (as measured under
simulated full sunlight).”
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“This demonstrates that perovskite absorbers can function at the
highest efficiencies in simplified device architectures, without the need
for complex nanostructures”
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SARE MAGRAALLGNILEM)

25 R W M A

TR T SCAM B e AR AU N B 1), R AL <6 i Al W B Bk R
FUAEAT FLES AR B K B B A 3t P 2 B 1 e 0%, 8 45 25 B A AT 3 3 A O i £L
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JR RIS RCR L Z A . TR S IR SO R A5 N LA A 2
X B S B e R B e E A AT T AT G GR. BER 4 Tk
SCHY AR A F2 ZEA5 2R AR DRI il 4 5 BR B J= o 7 g B 1) - 1f) 5 it 4%
RBHAE M R 3R AT T 1500 BORCR . fie e U A5 2R 19 f e, R T T 45 K
A J2 AT LUTE o) A0 B0 A5 15 25 0 v AT e 3803 T AN 2R A 2 1 A FLAS
AW B R R S IR L 25 TR L W R b B A T SO R
AATAERE .

2. ETHERE

57 VAR B OUPR A0 8 PR A B 16 ] T R AR PRI S0, X A AR 2
LTI SCH & RA IS SO T A A B0% B85 1A 4 A 45 M F e &=
BEGR NG I I 33X Pl 48 2 AN BEAE D 1 5 1k sl B PR 8 SO 22

(6] 3-191 VAARA A (454K 7 KB AE & . SR AR 3R 69 37 A 2 )
W LA E ) he A BLER .

CALLESRNREGM TR IR Y BLFT &g
ERmAE THRE MNELLFILTBOREARARLRRMKT 240
B ALZHBAAFMEG XL LR ARREFTQFHRITT
Wit BB LA T THCRR G K2, A 8 T & B AR F AR M
B, iR ERRERMEEELEMRARGTRET X, A FTEHEE
HIERBRAOL RS ARG RER G TR,

3. EIXHE

& SCH% B (Graphical Abstract) X Bk Table of Contents(TOC), LK
T 3 Cf e 30 75 B2 95 T JL A f67 46 (0 55D AR 2L N 45, R UM R T
PEIF g th 7 A, IR B 5 1 e I H Y

T BORAR A L P T I 2 SO, WAL T — R R R B 32, B T
Th e A BT b R IS R Y A BRI A AT T IR SO K R T B0 Y
WP, AR T SCFHE, B SO I 2 s L AR R 2
(20T R T v g SO R AT R DL R S — MO TR 38 S CF 2 )
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S0 FORCAEAE ST A 2558 73 o T 5 98 SC A At I8 3 CAndR A8 L AR 25 31 2 A
A4 D — B S A A 91T R BT Ol s S 1Y H Sk 0D L e 3.9 B,

Smart Nanocages as a Tool for Controlling Supramolecular
Aggregation

Pierre Picchett, Guillermo Moreno-Alcéntar+, Laura Talamini, Adrien Mourgout,
Alessandro Aliprandi, and Luisa De Cola*

Journal of the American Chemical Soclety 2021, 143, 20, 7681-7687 (Article) v Subscribed
Publication Date (Web): April 23, 2021

[ Abstract [3 Fulltent 3 roF
~ ABSTRACT
3.9 BISCHRiZR 6
4. KA

KA (Keywords) i A IE SChR AR IE SCHP 2 HY SR 1 BE 6 Sz 18 3C
PR 114 ) ] 2 R 98 SO EE A R R 2 1 ) i A T T SOk Y

KRR,
3ok 7R PR v A RO R 1 DG B R] AT DL R R B O B A 1 4
PR SCHE .

[%13-20) #=# 4 Highly Stable Bulk Perovskite for Blue LEDs
with Anion-Exchange Method ({ 11 8 F 3 3% 3 4 & & 42 52 M 69 KK 45
A A EIE & KR =M E)) 8 it XK B33 A “perovskites, anion
exchange, light-emitting diodes, post-treatment, blue emission” (45 4k
FLAB TR ARHE, BERE,EERI), KH 5 K4 R MNAT
P Iy,

3.2.4 5l

1. 53I5HER

517 (Introduction) A — > 5 2 A AR AL 5 % W] A 8 A4 20X A4 T
P XA AR g 1 4008 P 1) A4 ] R
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2. 53| EEX

X5 HE NA R FEEEORAT .

(D 515 B E USRS R O 5. 8] B 21 8 A ST B F i
A G5 A SR UV O NSO 79 SCHR

(2) F5 B §i /NG5l A7 7 1 [R) R

(3) B A SO TAE 4 A SO e 7 A ) 8, 2 A o] it phe 1 1 3R T
Ve Wb ZEE RO AU . — AR 0 77 A W] BE R 4 1 (W] B At A 8 F Y
JEL AL TT BB AN [ S 1 B 5 AR R B T H O s L

(4) T A figp e 1) 8 Y s, DA K T ik B H b oAl 2 2245 21,

fAT B SR A 0 K st CEA D NS S (SR A% UIA ¢
B /N i S PR i e ) AR I g e ny i . BT LU B 51 E Z T, —
BERRAF I ST BT R B SRR AR RS, 5 M 2 F AR Y B S ) 3 5 i
BN AT 2 0 BAOEX I .

VI B A Efficient planar heterojunction perovskite solar cells by
va pour deposition W57 (B 3. 10) R il 7 DL B GE BT A A8 £ MW
=AD .

(DE\'oIving from the dye-sensitized solar cells, we found that replacing
the mesoporous TiO, with mesoporous Al,Oj resulted in a significant
improvement in efficiency, delivering an open-circuit voltage of over
1.1V in a device which we term a *meso-superstructured solar cell™.
We reason that this observed enhancement in open-circuit voltage is
due to confinement of the photo-excited electrons within the perov-
skite phase, thereby increasing the splitting of the quasi-Fermi levels for
electrons and holes under illumination, which is ultimately responsible
for generating the open-circuit voltage. Further removal of the thermal
sintering of the mesoporous Al;O; layer, and better optimization of
processing, hagled to meso-superstructured solar cells with more than
12% efficiency'™ In addition, CHsNH;Pbl; _ ,Cl, can operate relatively
efficiently as a thin-film absorber in a solution-processed planar hetero-
junction solar cell configuration, delivering around 5% efficiency when
no ucture is involved'”. This previous work demonstrates that
the perovskite absorber is capable of operating in a much simpler
planar architecture, but raises the question of whether mesostructure
is essential for the highest efficiencies, or whether the thin-film planar
@:mjuntticn will lead to a superior technology.

ere, as a means of creating uniform flat films of the mixed halide
perovskite CH;NH3Pbl; _ ,Cl,, we use dual-source vapour depositi
In Fig, 1 we show an illustration of the vapour-deposition set-up, along
with an illustration of a planar heterojunction p-i-n solar cell (see
Fig. 1¢). From the bottom (the side from which the light is incident),

3.10 IXWTFIH
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(6] 3-21] #Leh3 =54,

“Evolving from the dye-sensitized solar cells, we found that
replacing the mesoporous Ti0O, with mesoporous Al, O, resulted in a
significant improvement in efficiency,delivering an open-circuit voltage

of over 1.1V in a device which we term a ‘meso-superstructured solar

cell’.”

N B K TFE Ak R g A f ok, RATE IR A AS5L AL O, KRB
FLTIO,  FHBEMHAEREZR I, N NABLEN BT % B EMRT
1.1V.)

XY
“In addition, CH;NH,Pbl,  Cl, can operate relatively efficiently
as a thin-film absorber in a solution-processed planar heterojunction
solar cell configuration, delivering around 5% efficiency when no
mesostructure is involved. ”
(#5h,CH,NH, Pl Cl, T vA4E A 3 Bk ROk & i ik 7T 4 &
MFEF SR e S P AR e DA, ERANILENE
WFRAY 500 E )

B HEF
“Here,as a means of creating uniform flat films of the mixed
halide perovskite CH;NH,Pbl, ,Cl , we use dual-source vapour
deposition. ”
ORI HARA R AARRA G kR & H 4 FEHRER
#4545 CH,NH,Pbl,  Cl, .
— 3l B A TAF

TEIZG T A e 4TS BRT K B E H b ATk B R SR L B A AL
45K K BH RE FL b 14 el b L B IR A 4 T S AR SCE DI G /N SR RN BEA
S ALJZ T8 B P T S 5 245 DK BH BE HEL v 7 T S 0 L AR /N U ) ——
S T S S 45 K BH R FEL b 10 S8R ARG VA 24 50405 e 51 AR SO A, R
FHOBUIR AR AR i i 6 o Joi o 119 % BROB™ 30 B 12 T F T S o 45 K BH i F 3tk
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3.2.5 SEUSAGIk

1. SEMFGENIER

S 4 (Experimental Section) ) 3 22 H 9 /2 $2 41 J& 4% 19 S50 40717
LRI AT RE 1% H 536 SCIYF 98 P9 258 Rk

Bl o ZoR e g 4 L B A T E A M, AU A CRES A, HAh At fE
FA MK, R FW S B R AT ) 2 R A2 . A Kk 3 I8 SCRE IS B
A A A A BETE MR b R E — 25 B 5T AT 2 3 A 48R 1 AN 7
& AL SO AR R B T R RNE L. LA, il SO0 s
0% 1) S 5 A LU [) A7 AR 6% 35 2 1 TR) A sl 28 DL S B 25 R . TS g
T R S IO A, PO BN EE Ok DA L s R R AR S S R
ANGERE SN

2. KW T IERLB

S RN 7 s 20 A0 45 2 AR R L LS TR AR DL S B Y T
AT AR Al 3-22 1 3-23 Fiw .

[41 3-22]1 “The neat CsPbl, precursor was prepared by dissolving
260 mg of CsI (99. 999% , Sigma-Aldrich) and 461 mg of Pbl, (beads.,
99.999% , Sigma-Aldrich) in 0. 8ml of DMF Canhydrous, 99. 8% .
Sigma-Aldrich) and 0. 2ml of DMSO (anhydrous, =99. 9%, Sigma-
Aldrich). ”,

(99.999 % & 25 % 44 %k £, Sigma-Aldrich & 25 &89 £ = ) 7, & A
DMF #= DMSO #8 & £ 85, BARSE TEAG 4 E )

[ 3-23] “PEDOT: PSS films were coated on the FTO substrates

with a spin-rate of 4000 rpm for 30 s and then annealing for 30 min

at 150°C.”
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(PEDOT PSS # Bk T FTO 4 & £, % %% & 4000rpm, 5% 7%
B 8] 30s. MG 2 150°C 49 78 & T A» #E K 30min.)

“The morphology of the films and devices was examined on a
high-resolution field emission SEM (Hitachi SU8030).”

(BT B HHAHN SEM R R IEF KBS HB R, P,
Hitachi SU8030 A& ey £ = HARF.)

3.2.6 SRR
1. £ R

D S5 R 1EH
45 (Results) #4332 2 e 7n B8 A & B, m] DU B T I R SR A 1 T2

O 45 AT EE L IF LA — 8 R IZ BN 5 Bk

2) HRMER

8 ST B I PR A R A 0 I RO T OE S L O Y A
A DATRCPE B S CULRR S #b se A E) B, H B 2 52 50 45 31 19 K & 2% W00 52 90 K40
TE 2L i e A BE RIS, OB R A T R e 2 BT AR A L LT 0
R

J B 1 S B PRI LA — i o g L AT R A G IR 1 L &1 21
B I — BT B T I AR () A Y %) A B S R ] — A IR) A, G i) 3-24
FroR .

[513-24] B 3.11 4 6 #& iz 4 & F 2 4t (SEM) B FT 285k 89
— KA. 6@y BENFERFESS 5 A A abedie AT H
W RE — AN AL, B A A8 AR K ) & 00 A5 Ak A T AR BL T AR SR Rk R
HH e R ET IR ERATREA

S5 L 3 1 11 5 R 22 D) S AR EL G B 0 L PR 4R — AR R R 2R AT A AL
WAL, IG5 L R R B 7 SRR OB Y A v 1 P AR R A 4 B
LSRR A AT AR, X S AR T AR M g% B A R A o
POEEEMIA AR B EE A O T AR X SE R,
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Vapour-deposited Solution-processed

c d
Ag

Spiro-OMeTAD

Perovskite
Compact TiO,

FTO

Glass

Vapour-deposited

Solution-processed

3. 11 AHOCIBRAY 6 i /) P AT 20 & 1 Ao o T

2. it

D g ryfEH

118 (Discussion) 5 243 A F1 i BEECHE B W 25 R 8 5 O HLB 2 A 4
— AR RAT 4 5 R A S R LB AR, — IR SR Y
B S R 30 5 S B AT A B AT TR Y R

2) PHg Ry oK

W LLEE RAR 43 Fr 412 fit A9 G0 48 S 440 . BSR4 2 9 . B /Y 43
B A SR A A 1Y, AN RE A 25 15 A8 N RE 58 AR IR SR By g R . SCHR R
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REME NS  MIARBE L & E B G AR SCk . — 0 T, SCHR 19 i B AN — 5 58
SRR s I3 — 7 T, SCHR Y SE IR AR MR RN FTBE S5 e SC  sE e AR T
PRI SRR rh A BB A o3 b O REAE S (8] 4560 0 L T 18 SC L A0 S 56 B i A R B
HHRIESE
TFTE IR 20 SR 38 30 5 0 448 SRR S AR RN T A A I 0 L R T A SR BT A 1 TR
LA 0 3 KA T A 32 Y AH N REAE S TR Y A, R A IE B Y
DN SRS A AT LAY AH A RAB L SRl 28 1A 0 W TE 4 SR IE B R 1) 5 BRI . 24
IR AN BERE R 18 SCHT 2 I, 6 AR 22 BOHR AR BAT BT 2 L IR AR A TFIY
SRS — MR D AT B0 — i R S5 R, — i AT R .
VI H A Efficient planar heterojunction perovskite solar cells by
vapour deposition WL SCHEE TS E 2 (&L 3. 12) R 617 LA s B (% B
THREMEN = .
) — ——
~In Fig. 1b, we compare the X-ray diffraction pattern of films of
CH3NH;Pbl; _ Cl, either vapour-depgsited or solution-cast onto
compact TiO,-coated FTO-coated glassThe main diffraction peaks,
assigned to the 110, 220 and 330 peaks at 14.12°, 28.44" and, respect-
ively, 43.23", are in identical positions for both solution-processed and
vapour-deposited films, indicating that both techniques have pro-
duced the:same mixed-halide perovskite with an orthorhombic crystal
structureﬁlotably‘ looking closely in the region of the (110) diffrac-
tion peak at 14.12°, there is only a small signature of a peak at 12.65
(the (001) diffraction peak for Pbl,) and no measurable peak at 15.68"
(the (110) diffraction peak for CH;NH;PbCl), indicating a high level
of phase purity. A diagram of the crystal structure is shown in Fig. 1d.
The main difference between CH3NH3Pbl; and the mixed-halide
perovskite presented here is evident in a slight contraction of the ¢
axis. This is consistent with the Cl atoms in the mixed-halide perov-

skite residing in the apical positions, out of the Pbl, plane, as opposed
to in the equatorial octahedral sites, as has been theoretically predicted'.

E 3.12 e Xmgs RAmie

(6] 3-25]1 692 R At = Hl,

“In Fig. 1b, we compare the X-ray diffraction pattern of films of
CH,NH,Pbl,  Cl, either vapour-deposited or solution-cast onto
compact TiO,-coated FTO-coated glass. ”

(B 1b ¥, & M1 & T A MR R E R &K H &
CH,NH,PbL,  Cl, ##t4 XRD #4545 i Bt e FTO/TiO, 3 %
KL

— AR
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“The main diffraction peaks, assigned to the 110, 220 and 330
peaks at 14. 12°, 28. 44° and, respectively, 43. 23°, are in identical
positions for both solution-processed and vapour-deposited films,
indicating that both techniques have produced the same mixed-halide
perovskite with an orthorhombic crystal structure. ”

(3F T 3 i ak ik Ao AR AR B 09 54k 7 R R AT AT
(14.12°,28. 44" %= 43. 23" A1 #F B F 110,220 = 330 £7 4% #9452 B 2
A LA B R AR SRR G A A EX R AREHGRERE
SEER A ,)

B 57 Fo it
“Notably, looking closely in the region of the (110) diffraction
peak at 14.12°,there is only a small signature of a peak at 12, 65° (the
(001) diffraction peak for Pbl,) and no measurable peak at 15. 68°
(the (110) diffraction peak for CH;NH,PbCl,) ,indicating a high level
of phase purity.”
(H AR, Ae T 14,1278 (110) A7 A B 22 AUALUA — AR 09 4
T 12.65°89% (3 B F Pbl, (00147 444 ) 5 B % A W2 45 T 15, 68°
#9%& (3F 2 F CH,NH,PbCl, # (110) #7445 , LA 2 Z ey AR 4k & )
— F B ARG R IR A LA

TEZ LSRR T4 e 1 6B WI 4 1b J& CH,NH,PbI,_ Cl,
B XRD % L 45 51216 FTO/TiO, 334 IS b i b SO DT AR B2 1A TR
TE TR H A e il A B R R . B L H AR XRD 33 &1 A9 R, L B G A R
R 3 TR B A ST A s 4 6 Ak 1 R IR 5 A S 06 ) 7 R ABL 43 BT A
Bodl , BEW] —3 HAG AR R 00 TE 38 f AR S5 1 . e Ah L 38 A — AN X DL 5E %% 11 B A
B SRR R LT 12, 6571 AN /NI X R T P, AT, %8 3
B 285 RIS V8 P 25 0 O, 32 B L A BT aE Y i R A B ELE AR T A
A ¥
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1. ZiEWER

2548 (Conclusions) , B &% 5 B B9 B 57 B0 AR, 140 B 33X 26 By SR X6 431 33 1Y) 52
M, X TAEMSCF — 264l

2. ZFRERHENEX A

e MR B AL Z Ak, R 2k B R AT SES AN, S E A W
iff 14 DX 53]

(1) R T A RO BRI, 5045 10 2 A0 i R I S M & 2 IR
HL AL . G598 — A F RN BRI, AT DL S Z5 15 T TE AN, X ERoHE o3 b 1%
Y, A AT ST A

(2) FEM SR A TAER N E A 2, a5 &, 8w
S0 45 T R B TAR M — 40, JC IR 18 SC BB i U Y R) 8 B AR 3 R Ok
1 AR Bk,

LABE H Sk Efficient planar heterojunction perovskite solar cells by
va pour deposition FIIECLEIE (B 3. 13) 6T VAU GEER T AR EER
WA

U'We have built vapour-deposited organometal trihalide perovskite
solar cells based on a planar heterojunction thin-film architecture that
have a solar-to-electrical power conversion efficiency of over 15% with
an open-circuit voltage of 1.07 V. The perovskite absorbers seem to be
versatile materials for incorporation into highly efficient solar cells,
given the low-temperature processing they require, the option of using
either solution processing or vapour deposition or both, the simplified
device architecture and the availability of many other metal and
organic salts that could form a perovskite structure. Whether vapour
deposition emerges as the preferred route for manufacture or simply
represents a benchmark method for fabricating extremely uniform
films (that will ultimately be matched by solution processing) remains
to be seen Finally, a key target for the photovoltaics community has
been to find a wider-bandgap highly efficient ‘top cell’, to enable the
next step in improving the performance of crystalline silicon and
existing second-generation thin-film solar cells. This perovskite tech-
nology is now compatible with these first- and second-generation
technologies, and is hence likely to be adopted by the conventional
photovoltaics community and industry. Therefore, it may find its way
rapidly into utility-scale power generation.

K313 KL
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“We have built vapour-deposited organometal trihalide perovskite
solar cells based on a planar heterojunction thin-film architecture that
have a solar-to-electrical power conversion efficiency of over 15% with
an open-circuit voltage of 1. 07V.”

(MK AAARBRENET AL B = Qh SR, Fik—F
HERTFEFREERENGKEREEE, KHFT 1.0TVHFREE
AR AL 1506y 2h F B Ek )

—RUEETENUERFLE L

“A key target for the photovoltaics community has been to find a
wider-bandgap highly efficient ‘top cell’, to enable the next step in
improving the performance of crystalline silicon and existing second-
generation thin-film solar cells. This perovskite technology is now
compatible with these first- and second-generation technologies,and is
hence likely to be adopted by the conventional photovoltaics

community and industry. ”

(RRFM — MRS A RBFRET N HRAE TR R E
AT —FRI kAo ILA H RGP R M2k ey A, X — 454K
FHRBME H—Ffh ZREREARABFE S, B LARA TR A %89
KR A T R AR A D

— R R PAL A BT —F 3 %)

TESSIE TR A B S0 S T8 SCS Y 20 OR BRSO DO RRE
] A B BRAT Y ThT S T 45 45 4 A K BH BE HL I TR AR A TR 1500 I RIOR
SRIG A T SR B E LR R — 283 3l SR ORI 3k — 4% B A 1] 7% F AR
55— A AU RE AR IR ARA AT REB Tl TR . 3R ok 6
BB BH REFL B AT O ¢ TR L 7 5t A Ak i A A I K B R R A
G545 A B SR KB AE R It DT 3 — 28 3 0 2 — AU 28 AR B RE A Tt Y
PERE. RGBT SCE A58 SRR W TR J7 1) L T AL 4598 9 23 1 B
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3.2.8 BH Lk
1. & XHB1ER

T e I8 3L A B N A I HE A 43 SR Y AT L 51T SCRR Y
B 5 0 FOUL 55 T AR R R A VR Ak B A A R AR A A A 2
K H T WK, 7% SCHR (References) A TN EH] :

(1) JBRIESCHIBEFE LA . 58 TARHRA AhoR M — > A8k i 4 il
JEAE AT B A R AR B S Rl 2517 90 8% L TR 1k i DR A N A 30 i ke 19 1)
A N SR AT TAE AR A 2 T AR BB B Al X 41
TEE I 51 5 W23 I # L

(2) DGR NA TAE . 275 SCHK RE BV HRE AR SCHY I 58 R 5 Hir A
B R DX TR s I 2 A 2 AR R BB TN

(3) BEH A AP AL AR . 51 275 SOk X AT A58 80CR 59
R 7 H Ak S A P02 BB Al AR Y R BE

4 GICRTIAE . 80 2 25 SCHR AT LATE 3914875 1 R 8L O[] — Bk 52
ABUICRN 5 16) (9 BRI B3 4 36 5 22 SCHR AR B o T G 28 R A A G SCHR BB
XFESCH R BT SCA PR A VIR AR T S R RIS R FE A A B SR AR
IR

2. BEXBHMPEK

2275 SCHR AR TE 7 12538 % R T WU 9 A5 o, B4 5 | P Ay SC R 78 18 SC
o HE LAY 2 S5 U SR AR R 2 5, O A8 IE SCH 1 RIS B A sl A AR i A
FEbR BT L AR B A R 2 25 SCHR AR 3 4 IR AR S B A R SOk T
& 3. 14 fis,
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[46] 3-27Y A5 % A o A Sk 741 .

Many different photovoltaic technologies are being developed
for large-scale solar energy conversion' %, The wafer-based first-
generation photovoltaic devices' have been followed by thin-film
solid semiconductor ahsorber layers sandwiched between lvm
charge-selective contacts’ and d (or
solar cells that rely on a distributed heterojunction to generate
charge and o lnnspurl pnml ve and negative charges in spatially
d phases**®. h many have been used in
nanostructured devices, the gu] ofilulnl.ng high drm-m:}' thin-
film solar cells in such a way has vet to be achieved™. OIynomﬂal
halide perovskites have recently emerged as a promising material
for high-cfficiency nanostructured devices® "', Here we show that

I Green,M.A ry of the fi 51 50 years. Prog
Photwoit Res. Apol 13, 447-455 (2005}

Graetzel, M, Janssen, R A J, Mitzi, . B & Sargent, E H. Materials interiace

enginsaring for sclution-processed photowoltaics. Mlatu »maoa.mmna;

. Chopra, K. L. Pauon, PLD. & Dufta V. Thinfim solar cebs

Phekvolt Res. Apol 12, 69-92 (2004}

. O'Regan, B & Gritzel, M. A kow-cost, high-efbciency solar cell based on dye-
sarvsllized colloidal TiO), fims. Madure 353, 737- ?no:mn
. Halls, J. L M. etal

MNaturs 376, 498-500 (1995)
¥ G, Gao, J. Hummelen, J.C., Wudi F. & Heeger, A. | Polymer photovoltaic cells
retwark of Db

A

Science 270, 1789-1791 (1995)
71 Green, M. A, Emery, K Hishikawa, Y. Warta, W. & Dunion, E. D. Solar cell efficincy
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3. 14 G 25 149 2 25 SOk

AR 7 ) M e 4 T A SCHR L R T R T s B g — T AR
M AR5 SCRR B35 8 2 A SURE X5 SCHR 31 0 2 25 SCHR IR A 88 0 2508 T 476
PR B R B R R S B XA S O7 SRR EEE S LT 5
M N SRR R R — 7 AR AR AT 5 HRA SR el .

[ 3-28] Day (1979: 31) reports a result where '33. 3% of the
mice used in this experiment were cured by the test drug; 33. 3% of
the test population were unaffected by the drug and remained in a
moribund condition; the third mouse got away'.

(Day(1979: SDARE T — A & R“E XA 5 5o b 4% A 89 R A 33.3%
MK Y G R 33300 R ARG HHhit L TaaRks
FEZRERLBT)

s s S LAY N A 5220 3 SCHR, IS AT SR N A AT sl .
3.2.9 Ik

o0 o N S SR LTS 8 I (B AN N T R U LI o

(1) Eift,

H (Acknowledgements) 3= BB FE 4 19 9¢ Bh DA R AE B 5T 33 2 AN e S
BG O Bea T4 A B A SN
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ABSTRACT: We report photovoltaic performances of allsolid state Sn/Pb halide- [T
based perovskite solar cells. The cell has the following composition: F-doped SnO,
layered glass/compact titania layer/porous titania layer/CH\NH Sn Phy,_,1,/regi
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open dircuit voltage 0.42 V, fill factor 0.50, and sl
reported. The edge of the incident photon to curen ency 060 nm,
which was 260 nm red-shifted compared with that qul-l,NH,Pb[,pemsh salarnr.ll&
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“ Solution-processable organic-inorganic hybrid perovskites have

attracted attention as light-harvesting materials for mesoscopic solar cells. ”

CFT 28 3 ) - 09 7 AU~ T B Z A 45 4K B AR S A WL 45 M) K TE AR & ok 49
KBTI AT A8 X E D

“Perovskite semiconductors have attracted tremendous attention
beginning with their incorporation into photovoltaic devices by
Miyasaka et al. in 2009. ”

(BT F F RN 2009 F 4 FH A F ALK EF AR, FIARAA
MR KIE,)

“The hybrid organic-inorganic perovskites have attracted intense
attention for thin-film photovoltaics, due to their large absorption
coefficient, high charge carrier mobility and diffusion length. ”

(CAM-FAAIEAAGRET B TREA RO BKAZAR SOEATESE
Fer K EEEEARABIIRT BRI XIE)
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