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Fig. 1. Schematic diagram of photonic crystal: (a) One-dimensional; (b) two-dimensional; (c) three-dimensional.

(a) —4k; (b) —4k; (c) =4
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M2 PSBTBT:PCBM 1K R (a5 f4fr, #eb4h
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PSBTBT:PCBM 1Mz I 06 i 1 3 FBl K 24 580—
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/N4 N = 81, £E 580780 nm B TAEHF N,
(WO3/LiF)® i s 5 #4225 100%. & 2(a) s iy
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(a) (b) 100 0.5 (¢) 100 ——
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K 2 (a) #l#A (WO, /LiF)N 1) STOSC; (b) NHBUARFER (WO5/LiF)N [ S i (c) NBURFHER (WO,/LiF)N )35 i3 13
Fig. 2. (a) Structure of STOSC with (WO3/LiF)"; (b) reflection spectra of (WO;/LiF)"; (c) transmission spectra of (WOg/LiF)M3l.
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(WO, /LiF)® i) STOSC s {4 B A fx = ) PCE #
Jso, X AER] T 2.46% 1 7.90 mA /em?, 5%A
IDPCs Wy#sfFAH L, 204 1 28.1% F1 31.67%.
Yu & D30 g8 1 (1) PCE Il Jgo 32 w85 19 5 A 4%
i (WO3/LiF )N FE g 14 A Ry 43 A X S e, 1
P E AR X B o 5 PSBTBT:PCBM Ay
Wi W DT e Y 580780 nim, #i 580780 nm Y A
SHCRLRESZ 2B, B s RLE T Z , TEE)E
XSGR T IEPEZROERI R, S
F+ T #14EH PCE M Jgc.

* 1 /A (WOs/LiF)Y ) STOSC #{EH 4N
TERESHL 19

Table 1.  Detailed performance parameters of STO
SC devices without/with (WO3/LiF)¥ [13],

TR BT T (fl

COES (mgsgr/rﬂ) Voc/V  factor, FF) /% PCE/%

F1DPCs  6.00 0.64 50.0 1.92
(WO3/LiF)*  6.39 0.64 50.1 2.05
(WO,/LiF)*  7.01 0.64 50.4 2.26
(WO,/LiF)*  7.51 0.64 48.7 2.34
(WO,/LiF)*  7.90 0.64 48.7 2.46

HBARK (WO,/LiF)N il & T 4 T PSBTBT:
PCBM 4 & A4 25 ) T8 RE A 2 3 F+ STOSC
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TUREW )-RAR O EER (8710 PEDOT:PSS)
% WA STOSC 4 @ s i, LAIEAE
G A ST HL. 1DPCs #1145 T STOSC HYJIEHE,
ELREERIINPE 3(b) BiR. SEH I, R 454
f) STOSC #FHK PCE 4 5.20%, fx K Jso H
12.25 mA /fem?, by B [7) 28 844 (19 5 = {H. PCE
1 Jgo BRI R £ 22k 1DPCs [ in A #8447~
A T ARSI O R, R 1DPCs 7E M I 5t 4%,
REA SOt 5 15 P 2 A el

IDPCs i 1] LAJH 45 STOSC Ky i85 §f & {6 7%
i BRI (0 L B2 R, R LAY STOSC 23411415
PR (2,38 AR TR Y, 1DPCs B A AT DL $
TR E SRS, RS LB 2R, AR,
FIRAL S 1IDPCs # %L, W MoOg, WO,, LiF il

TiO, 254 £ 1 B4 2 1DPCs, HAEFF STOSC 1Y%
R0, 21 €0 0 v P € 9 T P 8 (1180 e LA
PAgekta. Liang 55 1 FIH&)Z 1DPCs, FEARD
HAbERamg iy 3emt T, BLIARAT T BB o 2k
ffr) STOSC #sf4. %A &)z 1DPCs 19 STOSC
ZERINIE 4 iR . &2 1DPCs f T 1DPCs Hil
JIKER 1DPCs PIEBsT4H AL, P #FRH Ti0, F1 Si0,
il %, WiFh PCs G T8 Fhul K BAb. 35 T
)2 PCs BH R A 360 nm, Ji)E PCs B
K 580 nm, il £ HY STOSC fY 38 H & (7, 15 1 ;
& EZ PCs ALK 400 nm, IK)Z PCs
LGB R 650 nm, il £ 19 STOSC 132 HL AL {,
Mekth; WETZ PCs (LD K A 470 nm, IS
JZ PCs LI KR 760 nm, #4589 STOSC HY
b2 NS EA R

(a)

e
<
i
17
-
3]
©
‘=
)
=
]
=
Ay

Kl 3 (a) (TiOy/SiOy) 5 8 i Y 4 4 i W OB R (L
R A 200 nm); (b) Hl %A (Ti0,/Si0,) 1 STOSC #4114
Fig. 3. (a) Cross-sectional scanning electron microscope im-
ages of (TiO,/Si0,) (Scale 200 nm); (b) the structure of
STOSC with (TiO,/Si0,) M.
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E.) [
g 3
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< =

[ J | J
[ !

Top 1DPCs Bottom 1DPCs

K4  HAZJZ 1DPCs B STOSC 454 19
Fig. 4. Configuration of the STOSC based on tandem
1DPCs [,

Zheng 45 1200 1] F 58 B L P TR FRY IR IR 2K 2
IHAE T 2 E—4E 7 Mk F-1DPCs, -6 H
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RANFRA R A /8 4 T 2 AL F AR R A R AR
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H Jgo #H R HE5R, AT T4 [ BIERE R, BT
w84 (PTB7:PCBM) 1y STOSC By Jsc
BT 15.28%, #aFi PCE ik ®) 8.2%, i
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Fig. 5. Device structure of all-flexible STOSC with F-
1DPCs 120,
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PCE. fHT STOSC Ry ML (5, 15 H i o Pk = 2R
YT EB SRS, R At IR ] LIEa g,
9 1DPCs BHPY T — @ W K iE L 25, Sk T
MR, TSR T OB R BB 5

Bk T 1DPCs, — 2L}l (microcavity, MC)
A B A 25 R B 0T DAl STOSC #4119 i
PE R WRH Ag/ITO/Ag = )2 MC 45 Bt 4
JE FAR, AT RAARAS SE oy HL s 2l (38 STOSC
PEF R {HAHE T 1DPCs, ITO 245 % F Wt ik T
AT RS, WA B R T H MC 45932 A
S £ BE R SRR, SR SR
2. 53hh, —SeA R H A2 AR, I ATT-2 45,
AT LA S50 g 4 P AR S I e e [0, (HX e A
R H AN TE SR AR B, B BUSASH = BN
FHEE, MELAERE R AL & . AR, il &

(b) PTB7:PCBM][70]

Experimantal CIE

03 04 05 06 07 0.8
T

460 51
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(a) ZEF ARG WM (b) =T 5 05

Fig. 6. Corresponding CIE coordinates of all-flexible STOSC 2: (a) With polymer F-1DPCs; (b) without polymer F-1DPCs.
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Fig. 7. (a) Device structure; (b) simulated absorptivity spectra in the PBHT:PCBM layer with different periods of 1DPCs 23],
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Fig. 8. Scanning electron microscope image of 2D photonic
crystal slab in PSHT:PCBME7,

Jo 45 25 R FH Z AL B AL SR (anodic alumin-
um oxide, AAO) il & T 2/NAIE R B4 24
0K KL F (Au nanoparticles, Au NPs). Au NPs
1 AAO FHIAINE 9(a) ATz, T 2546 A9 5]
B OSCs g F£5 0 an el 9(b) frzs, Au NPs-AAO
WIRTETGPE)Z . 5 Au NPs-AAO 1) OSC
ML, &4 Au NPs-AAO WUZMERAEHH
Jso M PCE, 43R T 52.01% Al 41.12%. HAk
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Fig. 9. (a) Distribution of Au NPs in AAO; (b) the OSC device with Au NPs-AAO 5.
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Fig. 10. AFM morphologies of ZnO and UV-resin templates with MEN 2 (a) ZnO; (b) UV-resin templates.

JRPH A28 Au NPs FE R s 308 T =i
T 45 B O AR AN AU R . 2 5 T
PR ILIRASN B3 Ad Au NPs J& (4 B 37 J5 i 48
9, AR TG PEE P A B B SR Au NPs
AT LLBEAR AAO JA B 7R 1Y ZnO J2 R FE A 22,
TR T 4, B9 ZnO 2 TERE S, 5
Ah, BT Au NPs-AAO Wik 7E OSC i 14 1 1%
2, Au NPs 1R BEEEHER T ASHGLE R
SR RAR RIS, I T ORI RE ).

#* 2 /A Au NPs-AAO i OSC #afh a0t
B

Table 2.  Detailed performance parameters of OSC
devices without/with Au NPs-AAO 9.

B (AT Jso/ (mA-cm2) Voo/V FF/% PCE/%
JEAu NPs-AAO 3.98 061 43  1.07
# Au NPs-AAO 6.05 0.61 51 1.51

Zhou 55 290 DRI iy IR A 45 1) A5 31 SRURK, 42
BT — OB A ) 45 AR O R 9 OK 4544 (moths
eye nanostructures, MEN), B4 MEN # ZnO #1
52 AP [ Ak AR RS AR 1Y ) ) B fUBR (atomic
force microscope, AFM) JEZ K] 10(a) A&l 10(b)
iR, 51 MEN J&, ZnO (43 1 3 77 HUOBLRE B A
(0.98 + 0.02) nm 48K (6.43 + 0.07) nm. 5| AW
MEN () #8458 a1 15 11(a) BT /8. Zhou %5 29 4
HH MEN &1 40 81 85 /8% 35 FEf. (ITO/glass
substrate) HLH #5104 external MEN, 4 H
FH MEN &#fi ZnO HLF&4mZ g0 8 internal
MEN, ¥ Wi 25 #8 H MEN &1 1 #4814 12 7 dual-
side MEN, J& MEN &4 i) #5412 % w/o MEN.
U A g A %) P O 2 B - R R G (T J-V
Hh£k) A/ FRC%E (external quantum efficiency,
EQE) hZaniE 11(b) ME 10(c) Fras. SEEiEH,
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Fig. 11. Device structure with MEN, the J-V characteristic curves and the EQE spectra of the four devices *l: (a) The device struc-
ture with MEN; (b) the J-V characteristic curves; (c) the EQE spectra.
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Fig. 12. Structure with an active layer of 2DPCs, the J-V characteristic curves and the IPCE spectra of the OSC device B%:
(a) The structure; (b) the J-V characteristic curves; (c) the IPCE spectra.
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MEN % fili 85 28 43 1 4 =5 7 18.25% il 20.24%.
Zhou 5506 PCE 1 Jgo $EFHHYEIALEZE S MEN
MIMAGE T OSC #a i 2 e ke 1. B
MEN 1) ITO/glass substrate Lk 7] DL 78 2 A 3%
(R S5, B BT Il g R G 2 oh T T
TR R EA MEN [ ZnO 2N 50k 1
SEAEFR T BN, TRl Pk T R A
BRI, DR T IR )2 1R
WehE 7y, dEmR SRR PCE A Jgc.
AT ZH 78 2DPCs OSC #8419k ik
Jr T IF R T — R TAE, it EE oA f S e it
58 KB 2DPCs L5194 B T FAIK OSC i 4- %k ASft
A BE B BOL St T 3T PTB7:PC;BM
2DPCs OSC ##f4, #HE5HanE 12(a) iR, 161
JZ 1 2DPCs 45 #4381 99 K R ED Y 7 ikl 4. 24
2DPCs 14 350 nm., & B4 30 nm B, #344

PEREAAE, P2 PCE I3k 7.74%, HEHERN R
i 11.4%, PiE J-V I 5 A S a6 F-H -+
FEALROR (monochromatic incident photon-to-ele-
ctron conversion efficiency, IPCE) i1k nf& 12(b)
FE 12(c) fras. FATPRER R BEXT A A Y
SSUASAE I AT 2DPCs 5 R G HUR U « 2R 1H
S BT UOCI RSO, R O 2SR T, AN
PIASTECA B OSC 241 Jgo 75 E4E 5.

4 BAEERZ

ARILEHFTNAT PCs g L LI TAEHLHL,
FEPEAINA T 1IDPCs I HHE k. Hak, i
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Abstract

With the rapid development of photovoltaic industry in recent years, organic solar cells have attracted
much attention due to their advantages of low cost, light weight, capacity of batch production, simple
production process and flexible performance. However, there are still some limitations hindering their
commercialization process, including low photoelectric conversion efficiency and poor transmission color
rendering. The introduction of photonic crystals provides a new way to solve these two problems. Starting from
the optimization principle of photonic crystals, the effects of both one-dimensional photonic crystals and two-
dimensional photonic crystals on organic solar cells, especially the short circuit current and photoelectric
conversion efficiency, are systematically summarized in this paper. Then, we focus on the reasons for the
performance improvement of organic solar cells based on one-dimensional photonic crystals and two-dimensional
photonic crystals. The results of the experiments and characterization show that the performance improvement
is mainly attributed to the photonic crystal acting as the reflector in the device. Photonic bandgap, a vivid
property that the photonic crystals have, can block the light transmitting organic solar cells at a certain
frequency. So, the light within the photonic bandgap is reflected back into the device, thus promoting the
secondary absorption of light by the active layer which can result in the stronger light absorption capacity of
the active layer, and then improving the performance of the device. In addition, the reason why one-dimensional
photonic crystals can be used to regulate the color rendering of semitransparent organic solar cell is described in
detail. This is of great significance to photovoltaic construction industry because semitransparent organic solar
cells with excellent color rendering property can be widely used in it. However, due to the limitation of photonic
crystal optimization mechanism, the reported applications so far have failed to improve the filling factor and
open circuit voltage of the device, and due to the limitation of its own structure, three-dimensional photonic
crystals have not been reported to be used in organic solar cells. Finally, by combining the existing research
progress of organic optoelectronic devices, we look into the future research direction of organic solar cells based
on photonic crystals.
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