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ABSTRACT: Third-generation photovoltaics are of low cost based on solution processes and are targeting a high efficiency. To meet the
commercial demand, however, significant improvements of both efficiency and stability are required. In this sense, interfacial engineering
can be useful key to solve these issues because trap sites and interfacial energy barrier and/or chemical instability at organic/organic and
organic/inorganic interfaces are critical factors of efficiency and stability degradation. Here, we thoroughly review the interfacial
engineering strategies applicable to three representative third-generation photovoltaics - organic, perovskite, colloidal quantum dot solar
cell devices.
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Fig. 1. Optical engineering by plasmonic MNPs. (a) Schematic
of a plasmonic OSC. The device structure is glass / ITO
/ PEDOT:PSS with MNPs / PCDTBT:PC70BM (or PTB7:
PC70BM)/TiOx/Al. (b) The EQE (squares) and absorption
(circles) of a Type | control device (black) and a plasmonic
device fabricated with AQNPs embedded (red). The blue
line represents the normalized extinction spectra of 50
nm AgNPs in PEDOT:PSS. (c) The EQE (squares) and
absorption (circles) characteristics of a Type Il control
device (black) and a plasmonic device fabricated with
AuNPs embedded (red). The blue line represents the
normalized extinction spectra of 50 nm AuNPs in
PEDOT:PSS. Reproduced with permission”. Copyright
2014, American Chemical Society

714 B0 S-Udto] 943t AHZH R FHIc g5 AW
EA 2L n-type MoOy'”, VO,'", W05, Cu0,? So] who)
A 3L, p-type & 2= NiO, V2 CrO, o] Qlrk. HolF
HABHES 37 @7 W7 918l 8 ST AR Sl
W3t A7t @ol A=Atk MoO«&] 73-HNH4)sM07024~
4H05 A4 = o]-8-5}0] 2F80°C of| A o/ d&3t Al
7} Ha1E] 9] om o] ZA S E MoOE 0]-83}0] 7.75%5 7]
23}9]thFig. 2)'7. 71 2]of| = WO, S W(OC3Hy)s & A2
Z 0]85}0] 9F 150°C A2 S 74 6.36%2] T2 B3l
tH?. ENIOE Z20]5 e YRR FAJ5T0] I Lo 4]
29 Hale =3 o] 7RsslacH?. CH;Re0: 2 A1LE
2 & o] 8510 ReOx S 8574 0 & Al &}sto] 72t o) 8.3%
AL R A AZro] g 7= ST

o)

2.1.3 Ja4E 2Al0|E

224 o] a8 2AFO| =(Graphene Oxide, GO)+= At
o A=g 2sto] MET 1714 B4E 28s)] olst
7) whgol AEAR 27} wo] AE ek T2 o]
B 4 S48 Ro]7) uho] W71 S4S AN
SEENTEEEEEE EERRESETLEE S
177} ol AEl i Ik, F& ok SAjol= BES A
23t 5o E

] ==
7g ool 220 ol A EA 2l Sl EdAIA =2



100 H.H. Lim et al. / Current Photovoltaic Research 4(3) 98-107 (2016)

il

2718 B9 BES AR 71 ek
ae Aol =) A4S 2ushY o AW BUR A

§o| B 419 A, 1ok S Aol =8 ALk Bopnt HelS

Sh ] C=07} F4=lo] 1ef
H

3l A ato] oF5.21 eV ] Y35 2= Cl-GOE

14
=
4
m>~
2
4
i
iy
o]
~
0
%v
i
=
i
L
%
[r
il
<
o
T

MoO.2+ E3t5te] Bop A H8-2 FAPAIZLom, o] 1 e}
U Aol =7 ATBAL) BB URO] FUS Bof ey
3 e Aaph mnsgle”,

N
N

I
2
Mo

== A Z)(Cathode Interfacial Materials)
= A 42 4= AW S22 AXE AdsiH

A ZEY FEE e 72 ek o] & Y3l ¢uty o g g

AEH

B 5& LUMO level 2 -2 HOMO level- & ZH=t}.

221 /7| M=

SAAWEYR LG §1EL AR, Lol uve} &
2 of| o] 27] 7}A] thFSHAl A= IEE 5= A S E = AR
T 252} 22 2 = bathophenanthroline (Bphen)™”, triazine X}
pyridinium-based 152", amino acids™, bathocuproine (BCP)™

5ol &EHA St BAHELE A EA 242 alpha-sexithiophene

Al ] -

P3HT:PCBM

PEDOT:PSS
ITO

P3HT:PCBM

—
(=)
~—

WO, Layer
Thickness

1 ——PEDOT.PSS
—&—0nm

(Bare ITO)

1-0—5nm
—8—10nm

| —&—14nm
—&— 20 nm
—&7— 26 nm
—9—30nm
——38 nm

Current Density (mA/cm?)

0.0 0.1 0.2 0.3 04 05 06 0.7
Voltage (V)

Fig. 2. (a) Schematic diagram of P3HT:PCBM bulk heterojunction
cell structures using ITO/PEDOT:PSS and ITO/sWO3
substrates. (b) Current density-voltage curves of solar
cells employing various thickness of sWO3 layers and
PEDOT:PSS layer as hole extraction layers. Solar cells
measured under 1 sun illumination (AM 1.5 G, 100 mW/
cm?). Reproduced from Ref'®. with permission from the
Royal Society of Chemistry
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Fig. 3. (a) Chemical structure of CI-GO. (b) AFM height image
of a CI-GO fi Im on mica. (c) Tunable work function of
CI-GO by photochemical chlorination. (d) The high work
function of CI-GO is constant in glove box for more than
450 h. (e) High-resolution XPS C1s spectra of CI-GO. (f)
Cl 2p peak intensity as a function of increasing UV
treatment time. Reproduced with permission'®. Copyright
2014, Wiley Online Library
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Fig. 5. Solar cell components and architecture. (a) Chemical
structures of the two fulleropyrrolidines (C60-N and
C60-SB) used as cathode modification layers. (b) Device
configuration, consisting of indium tin oxide (ITO), poly
(ethylenedioxythiophene): poly-(styrene sulfonate) (PEDOT:
PSS), an active layer, a buffer layer, and a cathode,
where PEDOT:PSS is the hole selective layer (HSL)
and anode modifier, and Al, Ag, Cu, or Au is the cathode.
(c) Active-layer components, with PC71BM as the
acceptor and PTB7 or PCE-10 as the donor. From [Z. A.
Page et al., "Fulleropyrrolidine interlayers: Tailoring
electrodes to raise organic solar cell efficiency", Science
Vol. 346, No. 6208, pp. 441-444, 2014.]. Reprinted with
permission from AAAS
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of energy levels (relative to the vacuum level) of each
functional layer in the device. (c) XRD patterns corres-
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and e) Top-view SEM images of perovskite films at
stage Il (d) and stage lll (e). From [H. Zhou, et al,
"Interface engineering of highly efficient perovskite
solar cells", Science Vol. 345, No. 6196, pp. 542-546,
2014.]. Reprinted with permission from AAAS
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Fig. 9. Possible nature of trap sites and proposed passivation
mechanism. (a) Loss of iodine at the surface of the
perovskite leads to vacancy sites (hollow boxes) and a
resulting net positive charge residing on the Pb atom
(shown in green). Photogenerated electrons are then
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the charge and rendering the crystal more stable. (b)
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bond, effectively neutralizing the excess positive charge
in the crystal. Reproduced with permission®®. Copyright
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