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All-solid—state Mesoscopic Solar Cells: From Dye—sensitized to
Perovskite

Rong, Yaoguang Mei, Anyi Liu, Linfeng Li, Xiong Han, Hongwei*
(Michael Grdtzel Center for Mesoscopic Solar Cells, Wuhan National Laboratory for Optoelectronics, Huazhong University
of Science and Technology, Hubei, Wuhan 430074)

Abstract As one of candidates of the next generation solar cells, mesoscopic solar cells offer a wide application prospect
due to the advantages of abundant raw materials, simple fabrication process, high power conversion efficiency and so on.
This review presents a brief overview on the progress of solid-state mesoscopic solar cells in new materials, new technologies
and new concepts from dye-sensitized solar cells to perovskite solar cells. In 1998, Gritzel group firstly incorporated sol-
id-state organic hole transport materials spiro-OMeTAD into dye-sensitized solar cell, and fabricated an all-solid-state
dye-sensitized solar cell. Though this device only obtained an efficiency of 0.74%, all-solid-state dye-sensitized solar cells
became an important direction in the field of mesoscopic solar cells. In 2012, Park group and Grétzel group employed a per-
ovskite absorber (CH;NH;)Pbl; as the sensitizer, and spiro-OMeTAD as the hole collecting layer, developing an
all-solid-state mesoscopic solar cell, which was also named perovskite solar cell, with the efficiency of up to 9.7%. Since
then, mesoscopic perovskite solar cells based on perovskite materials quickly become a hot topic in the field of solar cell.
Presently, the highest certificated power conversion efficiency of perovskite solar cells has reached to 20.1%. As a milestone
in the development history of mesoscopic solar cells, perovskite solar cells still have many challenges in material developing,
interface engineering, and device stability, and are expecting new breakthroughs in the future.
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Figure 1 The development history of mesoscopic solar cells from dye-sensitized to perovskite
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Figure 2 The typical structure of all-solid-state dye-sensitized solar
cells, from bottom to top: FTO conducting glass substrate, TiO, compact
layer, TiO, nanocrystalline layer (dye-sensitized), solid-state electrolyte,
Counter electrode™*!
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Figure 3 Schematic diagram of working principle of all-solid-state
dye-sensitized solar cells based on hole-transport-materials
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Figure 5 The chemical structure of dyes used in all-solid-state dye-sensitized solar cells: (a) N719; (b) Z907; (c) D102; (d) K68; (e) C220; (f) Y123
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Figure 6 The structure of monolithic all-solid-state dye-sensitized solar
cell based on carbon counter electrode!*™!
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Figure 7 Solar panels consist of 80 large-area monolithic all-solid-state
dye-sensitized solar cells
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Figure 8 The development history of the power conversion efficiency (PCE) of all-solid-state mesoscopic solar cells, the red-circled data is certificated
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Figure 10 All-solid-state mesoscopic solar cell based on perovskite (CH;NH;)Pbl; and spiro-OMeTAD, and its cross-sectional meso-structure. (a) Digi-
tal image of all-solid-state device. (b) Cross-sectional structure of the device. (c) Cross-sectional SEM image of the device. (d) Active lay-

er-underlayer-FTO interfacial junction structure®”’
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Figure 11 (a) Left: Schematic representation of device structure, where the mesoporous oxide is Al,O;. Right: Cross-sectional SEM image of device
incorporating mesoporous ALO;. (b) Schematic illustrating the charge transfer and charge transport in perovskite-sensitized TiO, solar cell and a
non-injecting Al,Os-based solar cell?Y
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Figure 13 Tunability of the FAPDI,Brs., perovskite system. (a) UV-Vis absorbance of the FAPDI,Br;., perovskites with varying y, measured in an inte-
grating sphere. (b) Corresponding steady-state photoluminescence spectra for the same films. (c) Photographs of the FAPbI,Br;., perovskite films with y
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Figure 15 (a) Device architecture of the perovskite solar cell based on PTAA as the hole-collector; (b) XRD pattern of the annealed perovskite film. The
inset shows a SEM image of a surface of perovskite upper layer; (c) solvent engineering procedure for preparing the uniform and dense perovskite film*!
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Figure 16 (a) Scheme of TiO,/CH;NH;Pbls/Au heterojunction solar
cells, (b) ideal model for single heterojunction solar cells with J; (the light
induced constant current), Jp (the current of PN junction diode), Rs (the
series resistance), Ry, (shunt resistance), and J (the current flowing
through the external load) ©*
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Figure 17 (A) Schematic of the hole-conductor-free fully printable
mesoscopic perovskite solar cell. (B) Energy band diagram of the tri-
ple-layer device. (C) The crystal structure of CH;NH;PbI; perovskite
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Figure 18 Cross-sectional structure of hole-conductor-free fully printa-
ble mesoscopic perovskite solar cells based on carbon counter electrodes
using spheroidal graphite (a) and flaky graphite (b)?*
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Figure 19 (a~c) SEM images of graphite powder with different parti-
cle size of ca. 500 nm, 3 um and 8 pm; (c~f) Top-view images of carbon
counter electrodes using graphite with different size!*
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Figure 20 (a, b) Structure scheme of the assembled carbon framework;
(c, d) TEM images of the assembled carbon framework viewed in (110)
direction®®
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SR, BRULZ A6, MEN—Fh R K AR i s
P, BHERAT K P A FE b R RS e 1 RO A PEAT) 75 S 4% S
9’_[::[97~102].

TERATTTH, Green ZEstE5EEA A FHAE Hith 5 £ 7
Ak 0 T A T A B A B AT T VR L .
A, 7 B A B i etk G 1) 4 T 2SR FH 1T BRI SAR TR
FR, 78 2.5 /NS KE FTO S HEBEEFE A N8, Ffd
FAR 2 SRR 2 BT, i AN T 115 E0/F
o, HARRIFEMEI U FTO 5 HIEAR | 2228 & BHEA R
T HR S o ) £ AR G 4. FRARIE, 2013 SE KRtk
EBORPHRE R AL 72 EIUEEK, P
FL I 20 13.4%, KRR FLECAS 9 0.54 27T/ FL. 3]
2017 AFAEAR, TP HE T AR K PH RE F I IR R H FR A2 K
FRAPBEG A 68 FEou/ Tk, [FIRPRE AR P8R 2T
B 17.2%, IXH R i A B TR O A vt 1 3
AN K E 0.38~0.41 2 70/ B2,

FRUEES KA K B i FE v wT DA P B 7 R 1 ) %
T, HRXFEAR R R PR 851 i 1) 46 A, [RLAY
PP AR = i 1) RS 2 B b T A B DR AR A
191 T 2 G0 45 Ak A K B i H b FIT SR P 1) 22 A% B A R
spiro-OMeTAD ¢ %f B il % B & Ja AR5, 3502 LSl
P AL B ARG 17 2T 4 BRI AR B BRAN X FAR I T8 2
TARS A R A A R OK BH B8 B it B 1R 7E T2 Rk
SEEMBLE, Y& R T T 3% B K BH RE FLIB IR R 5K,
TG 58 A i Al G AT KA K BH B FEL vt BAR 19 A8 1 A 3%
R, RN E AR K PH B8 FRV BT T R AR —
IR,

St EEF, H RS ERT A P 6 AN 4k 4 K
FH 36 FH VH P 1) 85 A7 7E — AN () 1Y i) i —— 6 T %0 34

Acta Chim. Sinica 2015, 73,237—251



F F R

BAHFMESE TR, BHil, MENEHaFIERIE
KL HEE M T A AT B2, R G AR s AR FE R B R
3 H R G BAT 8 R ER e, Rk B A
)57 B i1l (European Restriction on Hazardous Substances,
RoHS). HIRAEA ZE AL, Hl A0 B K B 58 HL it
FEAXT VLTS RoHS A6 Cd & & BAKT 0.01%M)%
FUER . S0 A5 ERE ABH A rth,  FE T 0 10 R A7
e ™Ig, 05 RoHS FrilE i) Pb & BRI T Cd
TR L. B, FERT O BRI TE A T R 2 K
JEI Wb IR H.

YE R — Pl B ARG e de i, 55K K
FH e R 75 2L 2L % R AR PEANT AME, (H2 B RIS
BRI K FH g FELth ) AR e YIS FL AR, U R PR
SERIES BT K FH A it S H A SRR 1 e e
AR TIE 19.3%, (R RIS AR CRA AU, At
P A7 AE B 2 1) e UG 4 M RE 2 k). W FE 3R 0, 44K
A K BH B H i 1R RS 5 R T R 5 2 A A3 &% A ST DL
Be SRR 9%, T IEAMUAOR B T2 M sgm, RIAER
B B 3 T2, SRR e AT 2 52 FoAth R 3 1 5
M. Han 25 FTHE 3T (5-AVA)(MA) 1y Pbl; [ TE 257
A& 4R R Y T BRI S B0 K BH e AR B H R i AR
EVE, XV RER BT ERH O BHE BT oA FLA
Bheb, AN ARAE 2 A AR E Dy 2 R E R, 1S
AR R A S AR, XA ALE AT R A
A9 2 i3k — 2P AR TH A LS KA K B A F it M e SO R
Fae Ve 2o 2, EHRH MR, SR, BT
e R ST I A 1 2 07 R A G . SR, 54K
T EIABEAURBR T MAPDL, S84k, AWK BH fig Fth
WaRfEfiE Bt B S e e v B m AR A RN 5 AR
e

ST E 22, A ERAT K BH e HL b BT R 3 H 1) 2
B ARBAST Gy &AL, A5 S ERE K B BE HLit
—& R, AT TN BRI R, AEARRAH K
— BRI B B, A A ERAT A BH A LB R 2 A WK FH R
PV 40T ) 2 A DK BH e R vl &0 4 BRI Oy R ) A
.

EE BN

RARA, HE,2009 57 AL KXKFHAMERRFF

+$45,2014 57 A AEFHBERF-RAACERELT(F)

R EFAL. 2014 59 A 245X AR ARF R LFEMNNAL
FPOHAH LS. ZEA AR ALK G .

Acta Chim. Sinica 2015, 73, 237—251

© 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Mg, MEATR A, 2013 46 A e b A KA
B IRFEELF LS 2013 £ 9 | AL PHIE KF-
KL L E R EBEF) R P40, £ 2 RAABA AN
K FE AR W .

) MRk, WA A, 2010 £ 7 A EEPHIE KRFLE S
WL FEHRFFEF4, 2010 49 ARALFHERF-KX
KEEREREF) GRS 2R TAABRANUAR
AE .

FH, 54,2003 £ 6 AT BABEKF &S THAASE
LI REMIEE L, 200847 AL XAKRFLFEL
SFAEFREEFEL L P 2008 £ £ 2013 F AL A
HXF-KIOGL LB R LB E(F)ANF L5 ZA )2 T,
B AR RA FAAC K B AL b, 2013 R A Th £k 0%
332 T3 [Z(EPFL) Prof. Michael Graetzel i## 20\ F 1 )5
BERTAE, B TARBA LA K8 AL .

/!!T ! o l

HEM, FPAERF- KL LR REREF)HRIK,
WA 5. 2000 57 | A XA KRFHE S5 THEFERKES
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F545,2005 47 A ARRKRFWEAF SRREREE LS
1%, 2006 F 4 A £ 2008 F 4 A 28 KA T Monash X5 WF
W B AR TR, 2008 £ 4 F Ao A P AHE kK F-K LB E
REBEHF). 72000542, —AMRFNIKEEE BRGHFR
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