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ABSTRACT: Over the last two decades, quantum dot (QD) solar cells have attracted much attention due to the unique properties of QDs,
including band gap tunability, slow hot electron cooling, and multiple exiton generation effect. However, most of the QDs employed in
photovoltaic devices contain toxic heavy-metals such as cadmium or lead, which may limit the commercial application. Therefore,
recently, heavy-metal-free QDs such as Cu-In-S or Cu-In-Se have been developed for application in solar cells. Here, we review the
research trends in heavy-metal-free QD solar cells, mainly focusing on Cu-In-Se QD-sensitized solar cells (QDSC).
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J-V : photocurrent density-voltage 2| A B R A] o] Bt Lok A] AT Bl A A7t
T FES ot gl 53] AR 9] gol3t =Y (band-gap) £

Subscript A, =2 5 Al U5 QA= A4 (multiple exciton generation)
o] #Ao] BHzlrlo] Gl ol okl A gk z)= 7 &

QD  : quantum dot N 3= 5to] A AlRre] 7Fssh] wlmell AAIAQ] S

QDSC : quantum dot-sensitized solar cell A= 2 AR E A

CISe : copper-indium-selenide URIA.C.% CdS, CdSe, PbS, PbSe 50 11-VI 5, IV-VI 51

CBM : conduction band minimum EA vt AR A B FRA| o T2 2EE o] Rl 2T

PbS A4S -85t semiconductor heter-junction solar cell,
CdSexTerx YAHS 283 OkXW 6% HFHA(QDSC)
S0] 8-9% 7} 38%* % LS Hol= 74_&11_510412}

IPCE : incident photon-to-current conversion efficiency

SILAR : successive ionic layer adsorption and reaction

PL : photoluminescence
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Fig. 3. CISe %xI&™ =3 7|0 = conduction band, valence
band oL X| &&| (A2M ™M : TiO, conduction band
minimum). Reproduced from ref. 3 with permission of
the PCCP Owner Societies
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Fig. 4. CISe ¢¥X}™ = 7|of }= QDSCQ| IPCE spectra (a) &
J-V curve (b). Reproduced from ref. 3 with permission of
the PCCP Owner Societies
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Fig. 5. ZnS SILAR cycle 3l4=0j| I} CISe QDSC2| J-V curve
(a) & IPCE spectra (b). Reproduced with permission
from ref. 4. Copyright (2015) American Chemical Society
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Fig. 6. ZnS SILAR cycle &40 [[}£ CISe QDSC2| recombination
resistance (a) 2! time decay PL spectra (b). Reproduced
with permission from ref. 4. Copyright (2015) American
Chemical Society
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