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Fig. 1 (Color online) Schematic structures of (a) organic elec-
troluminescence (OEL) device and (b) organic solar cell
(0SC).
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Fig. 2 (Color online) Schematic structures of bulk hetero junction
(BHJ) organic solar cell (OSC).
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Fig. 3 Carbon K-edge absorption spectra of F8T2 and PC;;BM. A

downward arrow represents the 7* resonance peak of fulle-
rene.
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Fig. 4 (Color online) AFM (left) and STXM (right) images of the
same F8T2/PC;BM blend films: annealing temperatures
(T are (a) 40°C, (b) 190°C and (c) 240°C. STXM images
are obtained at 284.6 eV. Right arrows represent 1 ym.
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Fig. 5 Cross sectional (a) TEM and (b) EELS sulfer images of
F8T2/PC,BM organic solar cell annealed at 80°C.

L PCBM DR FE K I AN 7 + VO EFIFH L 7z
LA A=V VT ThHDH, RETHERD LT, KK
D X BRILAN 7 BV AL D AX 7 B IV
ST, EFEORERERETH I ENTES,
BT, AFXHEEL TERRELZFHETT, BB
BT DORFWEEHH T L ENTES, LA ->T, &
TFREOREFUA A=V VT HBTOITENTE S, Bz
X, &S FOEBICWAT R EE & EE 2 FE T, X AR
WL AN B IVIEIRA KR E L B, STOERMA A—
VI RARETH D, BEEAEELTIE, D/A RmLEHIC
B B &5 F OBCAME DR T OfFHEL R OB BN K &
B EY, COBWRT, BSOS AR O R
3, FRERGEMORSEREFINICEETH S5, LG, A
HXHEEL THEXZFIHAINE, AV VOmE R
THTERMED, LT, MRA A=V VT H2ITD
ZEMTES,

3. BREIED STXM BELBSh S5

3.1 kSRR

STXM #2213, wH, SisNyg AV 7LV EICasL 7=
IR ICR LTI 9, PF @ BL-13A TiE, ZFwijIC, X
FHMETA VTV EORKMIEA AL, <V v aA
LAOFEHFH%Z L » > T 5, F8T2/PC/BM R &BED
STXM#ZE 1751213, BEHEAE AV TV v EIZh#d
HLENDDH, £, KEWETHSHPSSw# A/ a—1T
L 725K Fic, F8T2/PC,BME&EA Ay a— 1 L
7o BAKOEXZI71nm TH S, IR TL055 D B
PR i L 728810, IRERZ 1mm PYHICYM L, K
7z, PSS HEML, Eilr SHANRE KA I30K
IZEPS, Z LT, ATV TKEDREER %9 <
WL 72, EBRICHH L 72 AV 7 L, 500 um U5,
JEX50nm TH 5,

3.2 RAALVOBEBHBHARES

%7, F8T2/PC;BM EAIED STXM {4 (Fig. 4) 70 5,
BENER IS 5, £/, STXM O KT
T IEBRE T o, 7= TANY PV AE A R
THELY F AL VOB#ZRS (L) L7z, BREKD
L (~270nm) 1%, Tuwm=40-190°COHPICITIF—ETH
5700 PED, Tawm<200CO4%MHT, F8T2/PC/BM EE&
PO AA 34 RBEL LR\, 2OV o 7otk R4
IV T afERKBREmITE L <, F8T2/PCxBM &
IR BRI % A8 L /BB EROT TV EIC
HEEZBNS,

3.3 RAASVAHADHFESL
WIT, BHEIEO XFEWIL A7 F V& T ' BT
L, &R AL VAOT7S— LV VIREHEZIHET 5, 22T

316 © #4gtH Nov. 2016 Vol.29 No.6



R 1 EEREB X RIEHE (STXM) pR<HA TR

BELATNERSV0IE, Z OHTORHE DM 5 1)
IZ—k (F—#HE), tWw> s Thsb, &C, F8T2/
PC/BM H KIS EAMOKIEH iR E 7515 [Fig. 5(b) ] % K
%E, Fr—fE (BOE) 3EO Efr 6 TiE T
BLTWABIERGND, 250, FIFr—HigidiBEE AR
I Th b, LrLahs, 77/ 2—fHE (BRHE
) 3ESFOWIENIA TS, T, 778/ 2—
FIRD AN FIVIFEE S RN Tld v, s, F
F—HKDO T -V VRGHOARZFMT 5 Z LIT L7,

Fr—ko7 55—V ViREH (@) &, F—#Eko
ANRYT PV (¢exp) & F8T2(¢p) 38 LU PCHBM () D
ANRYT PIVBEGFICHRL T, FHiiL 72e D& D, AXZ b
WORIHES (dea=Cpop+Cada) & AVT, FHMPRIEL :

F<CA; CD) :Z €xp (d’exp - ¢cal)2

DI B L D10 Cp & CA BIRE L 720 ép & da 13,
240°CTHEVLIE L 7= F8T2/PCBM B A D F F — kK &
T 7Y TR—EBOART FVTH D, AT B IV RO
—#l% Fig. 6(a) ICR ¥, X IEFERT — X (dexp)> FERRIE
T4 v T4 VT ORR () THBo Pexp DB
121 PCBM O m* B b s L 7o (R REl) 2
BN, FIF—fHBIC7S—VUPREL TSI &N

(a) donor donolain

ol Twm= 150C
Q
_CE 3
I x ¢exp
2 |0T60p F W T
< 031000A T T
(I)cal.
Ll L P
280 290 300 310
Photon Energy (eV)
8
g
O
3
g
<
L e L L '
280 290 300 310
Photon Energy (eV)

b TDT 4y T VTR, Cp=0.76, Cy=
03123 8B 6N, FF—HEO75—VViREHE [2=Cp
/(Cp+Cp)l 1F, 29% L75%,

Fig. 6(b) {2, FF—fIKDOAXRY FIv%E T, OBIFE L
TRT o Tan D EFITHE, oSBT G L 7oiE (K
D) AL b, ST, Tw O LEFITEEY, & ME
TLTWBIEREWRT S, LD AT IV 1T
W, F T IR L T @ R L 72,

4. F/@BEEIRINF—-TBME L DHE

Table 112, STXM M7 58 LN F A A VOB
RS (L) LFFr—HEROT7S—VVREEL (@) B
WUENRFE (Ty) 18l CHEE L 7o, @ ICBIL Tid, 1068
FRD AR PV BEEREL, B & R %
L7z, Table 1iCi3, R U LR TIERL S 17z F8T2/
PCxBM /L 7 Ao BUR B O PCE &4, HEOD
FNA ABPER L, “P¥fE & B2 % Ef L /2, Fig. 7
2, @L, M & () PCE% Ty T/ay kL7,
LiZ T liFEAEKELR, i, &1, TaD LR
I, DL MICEA T 5, PCE &, Tu® EFICHE
W, b5, 2oX>ic, F8T2/PCHBM /S)L 7 A5 1
BIKBS BT, & OWAICHEW PCE A AT 5, 2h
i3, FF—HBHNO 75—V VREEHAEESL & LICH
WA COBRMSEDENGE S0, +E2 DN,

IV 7 T aBEREGEM T, — &I, FAAL VT A X
PSS 7% L PCE RS 5, Thid, F AL VDN

S5 ERTFARECEET HERNEELH-OTH
%o f5, HFIREGH E PCE L OB %R L 7202 13
OTHTH A, JHIE, BIHRETEF AL VYA ADE
ELARWRATwmTH L L, BXU, 2 TREGHOFET
EBRROLNTWAEC L, DD THS, Fxid, FALV
H A AHZEAL L 7o\ FST2/PCHBM iE& K & STXM O A
X7 PN R A G DR SL LT, 5FEAGH L PCE
EOMBEPHOBIZT AT ENTE T,

Table 1 Length scale (L) of domain structure, Fullerene ratio (¢)
in the donor domain, and PCE for F8T2/PC,,BM solar cell
against annealing temperature (T,,). Data were cited from

Fig. 6 (a) Carbon K-edge absorption spectra (crosses) of donor Ref. 12.

domain of F8T2/PC;;BM blend film annealed at 150°C. A -

downward arrow represents the 7* resonance peak of fulle- Tan (C) L (nm) ¢ PCE (%)
rene. Solid curves are results of the spectral decomposition, 40 260+ 50 0.38+0.08 2.17+0.04
which was performed by least—squares fitting of the observed

spectra (dey,) With the linear combination of the F8T2 (¢p) 80 280+50 0.29£0.08 2.12£0.04
and PC;;BM (¢,) spectra. (b) Absorption spectra of donor

domain of F8T2/PC;;BM blend film against the annealing 110 240+30 0-30+0.05 1.92:+0.09
temperature (7,,). The spectra were normalized at 285 eV. 150 290 £ 50 0.27+0.07 1.37+0.01
A downward arrow represents the n* resonance peak of

fullerene. Spectra were replotted from Ref.12. 190 250+50 0.29+0.09 1.25+0.06
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Fig. 7 (a) Length scale (L) of domain structure, (b) Fullerene ra-
tio (#) of the donor domain, and (c) PCE for F8T2/PC;,
BM solar cell against annealing temperature (7,,). Solid
straight lines are the results of the lease—squares fittings. Er-
ror bars of PCE are within the symbol size. Data were replot-
ted from Ref.12.
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Abstract The power conversion efficiency (PCE) of F8T2/PC,,BM bulk heterojunction solar cell steeply
decreases as the annealing temperature (T,,) increases. With use of the compact STXM installed
at BL-13A of PF, we systematically investigated the nano-level structure of F8T2/PC,BM blend
film against T,,. We found that the length scale (L) of the domain is nearly independent of T,,. The
spectral decomposition in the donor domain reveled a correlation between the Fullerenes mixing
(®) and PCE in the F8T2/PC,,BM bulk heterojunction solar cell.
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