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Abstract : This review article summarizes the recent progress of quantum dot (QD)-sensitized
solar cells based on mesoporous TiO, thin films. From the intrinsic characteristics of nanoscale
inorganic QDs with various compositions, it was possible to construct a variety of 3rd-gener-
ation thin film solar cells by solution process. Depending on preparation methods, colloidal QD
sensitizers are pre-prepared for later deposition onto the surface of TiO, or in-situ deposition
of QDs from chemical bath is done for direct growth of QD sensitizers over substrates.
Recently, colloidal QD sensitizers have shown an overall power conversion efficiency of ~7%
by a very precise control of composition while a representative CdS/CdSe from chemical bath
deposition have done ~5% with polysulfide electrolytes. In the near future, it is necessary to
carry out systematic investigations for developing new hole-conducting materials and controlling
interfaces within the cell, thus leading to an enhancement of both open-circuit voltage and fill
factor while keeping the current high value of photocurrents from QDs towards more efficient
and stable QD-sensitized solar cells.
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Fig. 1. (a) Schematic band diagram of InP QD/TiO, interface and bulk InP (Reprinted with permission from ref. 9). (b)
Photographs of PbS-sensitized solar cells before and afeter injection of typical I'/I'; electolyte.
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Fig. 2. (a) J-V characteristic of a QDSSC with 3.4-nm InAs QD sensitizers under different illumination intensities. (b)
IPCE of a QDSSC using 3.4-nm InAs QD sensitizers while the inset IPCE from a QDSSC using 4.5-nm InAs QDs.

(Reprinted with permission from ref. 14).
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Fig. 3. (a) J-V characteristic of a QDSSC with CdSe QD sensitizer under different illumination intensities. (b) IPCE from
different sizes of CdSe QD sensitizers (Reprinted with permission from ref. 15).



A71583)%), A 1849, A 13, 2015 41

=

§%/8,2Cu,S

TiO, cClses

Current (mA)
w

NREL"%'VSV“‘*'n Characterization Team

L —

Efficiency = 5.13%

Vo = 0.5402 V

I, = 3.9047 mA

Jse = 17.565 mA cm2

Fill factor = 54.10%

Imax = 3.2326 MA

Vipax = 0.3530 V

Proax = 1.1410 mW

Spectrum: ASTM G173 global
Device temperature: 30.0 + 5.0 °C
Device area: 0.2223 cm?

Irradiance: 1,000.0 W m—2
ol 1 v 1y
-0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6

Voltage (V)

L —

O O O O O O O 1 O

Fig. 4. (a) Schematic of the CulnSe,S, . QDSSC architecture and (b) J-V characteristics of a CulnSe,S,., QDSSC

certified by NREL (Reprinted with permission from ref. 19).

Table 1. Recent progress in colloidal QD-sensitized cells reported by Zhong group

(# of lefz;ence) Journal QD sensitizers used RZ%EZZ?}:;“
2012 (18) ACS Nano CdS/CdSe Core/Shell QD 5.32%
2013 (20) ACS Nano CdSe,Te, Alloyed QD 6.36%
2013 (21) J. Am. Chem. Soc. CdTe/CdSe core/shell QD 6.76%
2014 (22) J. Am. Chem. Soc. CulnS; /ZnS core/shell QD 7.04%
2015 (23) ACS Nano ZnTe/CdSe core/shell QD 7.17

(linker moleculeys WA A7 AL o Z gt
7 lo] =EA &l &=, A2 S0 B

<] ool
rﬂ ML

HlaA vgge] Al BE FRolE Al 2
7hes AREAR WA X3 ool Tio.eke] 3

3 A Fedvhe Fold 2 zelE Boli 9l
o} o]t &2 WS o]83t Zhong #} Bisquert
25 #E AFE F5k] Tabel 13 22 Y™
w9k AE sk, & golE 34 (core)/
A (shell) +24 F=E (alloyed) 28& 7K &
Bol= A 7HeAl NS Falo] 5-7.4%2] A
e &8 B0

2.2 CBD oz Fd|El AXH HEX 0I8

1990t =58 FuYo] FyE E=2ol= Jeie]
SR I= g, 38k 7|8k 2 (chemical bath
deposition, CBD)S 1980\ AtHHE] Eo| ARE-E|o
eItk CBDHE ZF whEAl 2o ATA|
(precursor)’} Holle slefzeolx 29}, g pH
Ak, WA 58 ZAEske] Theksk 7]X] (substrate)
ol kxH Fo Hkg AJ7to] o= AR 7|7 Avhd
e e WAl R4S A A oK
Hzolth. s, o2l CBD WO FulE W
A B RAR FAA 2 Yefolm WS u

Reaction

Adsorption

D cation 3] anion Bouanum dot

Fig. 5. Schematic of SILAR process for depositing QDs
onto the substrate.

AUSE Bste] AUsh 2¥o] Erkss| B, 7]
Fe] Eo b of2} Wk shekx AAoIA] yhe
Edo] FAECR HEAA A v A7ty
He sl
A& o] &F FA/MHEH (successive ionic layer
adsorption and reaction, SILAR)S =1 o]&o] %33}
£ 29 wAHeE Yolest goles /1A BR
ol F2MEeshe HES WESE (Fig 5) H37t
=& PbSH CdSE2 &< g3l HlwA Ads] x
Ao A wel AAY BT

ol#]gh SILAR %ﬂ% 01%8}04 v z¥e 23 Tio,
el PbS YAA AL F, 718 A A
A el Splro-OMeTAD§ AN ZAE Ao o=

A%

e
(o]
N

UN
rulo
02‘~



42 J. Korean Electrochem. Soc., Vol. 18, No. 1, 2015
A% on] Qe ABE BT I F, oA el o AEE BRw X g 2dels] w4
BAZIE AR ol HAF AddA ZREAVD) Sk FE Aol 71z dajdd] AFAe HES g

E 7uke] o] Aoz AgE § Stk A
o] H¥E ¥ 2009 SILAR Ho=z A=e Pbse}t
CdS AR 7S ejekdx] o] #3 Axdar) 2Ry
Atk (Fig. 6)* Fig. 6914 HXZo] zbzte] §4 H
9 el axbzel 3 e 888 HYowy,
SILAR ®lo2 A7 A 7-eAle] 7sAS 2
AFAL 7] A3l F2ol= JHZE wER 4
Z}-o] ol o] 853, SILARS 7H&CBD o= &
HE GRS F718 BAo] dsiA] Rtk A
Zto] AAUAINE, o] st AFE F3l] ¢ Ymr]E <
2A YN A AT A7 wddol 7
SAZ oz AFshet oA 23A HAA A
o|A] gtk AL HogFE Aol

fi
pu

E9h, SILAR W zlo] AgHoz 71d 9o
Hake wiEAl de AT B A2 A

PbS/cobalt(li/lll)

T T T
600 700 800

Wavelength (nm)

T T
400 500

1
900

T HollM Al Mgl loid o g3He)x, 714
I F&she At ol AAA A HelM = ExR
PFgE A3E A& F Jdvke ol Atk SILAR

S &AFor FEAMES A7) wEel
IRl FAolg F7)E ke ol 2 A
e 5ol whHo, Zoleog AMRE 27t A T
FEo] 33} o)L (S7, sulfide)d] A EHo F=2
CdSH PbS7F 2 HIZE @ 4= wlof] §ISlth?) gl
25 tE ZIAYelE FR/A A yol= (Se?,
selenide).} FFTO|= (Te?, telluride)Z FFale =
3o A3} 20099 Lee, Y-L. 2537 Lee$t 2
TEE R osl® oju Hr shssA =AU
o A WA BiE CdSeE FH|sh= 7129 CBD
Hol|A o]z} Lol AAE TE 33z Uy
@2 theoll SILAR #AE S0=AelA oF 60%4

CdS/cobalt(li/y

T T T 1
550 600 650 700

Wavelength (nm)

Fig. 6. (a) Schematic for preparing PbS- and CdS-QD sensitized photoanodes and IPCE data from (b) PbS-QDSSC and

(c) CdS-QDSSC (Reprinted with permission from ref. 27)
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the corresponding films (left inset) and TEM images of CdSe QDs/TiO, particles after six cycles of the SILAR process
(right inset). (b) Comparison of IPCE data for CdSeS-, CdSe6-, and CdSeS5Tel-sensitized cells (Reprinted with

permission from ref. 28).
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