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v it 10.36% - 3% PV2000 BHI fie > 3 iz 5§ L8 i f WAL AL

¥ ¥ * slot die coating ~ spray coating ~ gravure & B ji| 3 iF o % % B 17 A ¥
A o5 d 3 PV2000 BH) i # & 5 & ¥ iF 250~300nm - Aip ik 4w W AR
25 *ﬁ+mﬁiﬁiiiir+oPV2000 BHJ ”Tﬁll‘t‘? H k ~ & #4482 &
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PffBT4T-20D, PCE 10.5% [PC71BM] PDTP-DFBT, PCE 8% [PC71BM] PBDTTT-EFT (PTB7-Th), PCE 9% [PC71BM]

EH o. 5:“ Jianhui Hou et al.,
Macromolecules 2014

PCE 10.6% [PFN] cert. 9.94%
Yong Cao etal.,
Nature Photon 2015

Cert. PCE 10.36%

EH
PBTf4T-20D, PCE 10.4% [PC71BM] Yang Yang etal.,, 5™ x\_R /{ PBDT-TS1,
Cutler b 5, Cabrn Lk Macromolecules 2013 s o PCE 9.48% [PC71BM]

Jianhui Hou et al.,
Chem. Mater. 2014
Cert. PCE 10.2%

PTB7, PCE 7.2% [PC71BM]

OR
S, S [by China (NIM)]
F e Ly 5 #Tn SCI. CHINA Chem. 2015
S OR
ROOC R = 2-ethylhexyl
Luping Yu et al., PDBT-T1
J. Am. Chem. Soc. 2011 PCE 9.74%
PCE 9.28% [PFN-OX] »n [PC71BM]

Ry = n-Octyl;

Yong Cao et al., R; = 2-Ethylhexyl

He Yan et al., Nat. Commun., 2014 ACs Appl. Mater. Inter. 2014 PDET-T1

Yanming Sun_Adv. Mater. 2015

M2 > pEizdnd PUFAF X ERHH

Ry

PV2000(# 1): B & % kHp p o> @B F g p-3 8 »F L $42
- 5 kT orF 5 %2 B Newport :n# i 10.36% 0 4 p % @ * 2§
ArE A PR FE R e A A B H MBI PES G RS E T RP
*100nm ¥o B g 7o i 8] iF > PV2000 ¥ 4 * 250-300nm - F BF 3 R
BV A F TEFERZAHET G A EENHELI L LEF T
2 aa 4 o ARITME G > EAFRBLERFE SR
PV2000:PC60BM s+ % iT ek 8 ~ 2 v o af# 2 100°C 2 + (@) 3)» & & »%
80°C/65%RH =+ 5 Bl#FEHE B T » L 10 [ & g P oy iM% 4 (8 4);
I ® ok z e % i (light soaking)@# 5% % % & 1 > PV2000:PC70BM #1 4 iF e &
;A2 A 100mW/em? i R s+ T o i 20,000 ) B E R 9 10% (@ 5)

- XA T8 ERMHEE AR o AF - ERYEZ A ARERITS G 0
Y »_écfi i (slot die coating)™ ;% #r#] i* % = 2. PV2000:PC60BM =~ i L % »%
& = 2 B Newport :n#% 7 & 7.56%(F »c & # 23.7cm?) > 5 p w2 % k7
af»ﬁr(ﬁrﬁ%‘] 6777 ) o A PET A > 2R BN REE T ol
(screen printing)# ¥ * ;% » #r% & 2. PV200:PC60BM X i P #it {4 k& 3
w2 eI v E 5% m1529250m’4zr§]7w-ro§]85!'17
T L 2 Y PV2000 >t x F T v X $ X (roll-to-roll) @ A2 o7 %
st‘:.ﬁg °

RS

"S
\J}aul

\m » ensx
>
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21 BaFLEHLBALAIT PV2000 =~ 2 5 2 B>
Acceptor Architecture \Voc[V] Jsc [mA/cm?] FF [%] PCE [%)]
PC60BM Conventional 0.82 14.7 66.1 7.9
PC60BM Inverted 0.81 15.0 68.0 8.2
PC70BM Conventional 0.81 15.4 67.0 8.6
PC70BM Inverted 0.81 17.1 75.1 10.36**
*H A 7 EF A EETHROPV RS

** The Certified PCE value by Newport for Single Junction OPV
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100 jh.'_- -

o]
o
1

PV2000:PC,,BM, E
inverted architecture 1

3218 (light Soaking)
EERE :

~ 100EE / FHEKYEERS
BIR . £ExEYE

PCE / PCE,, [%]
s 8

20- HL BRI’ :

I . E TS ]

R S P FS oY Py
Time [h]

W 5 PV2000:PC70BM F ;¢ = ¢ light soaking ] 3#

Technology and Application Center

PV Lab

Newport Calibration Cert. # 1331

QD Newport

[ACCREDITED)
Calibration Cert. # 2893.01

DUT S/N: 1331 D2

Newport Calibration #: 1331

Manufacturer: Raynergy

Material: OPV

Temperature Sensor: None, back sheet of device was held at 22 °C to give 25 °C at the junction for a 3 °C gradient.
Environmental conditions at the time of calibration: Temperature: 24 + 3 °C; Humidity: 40 + 10 %

The above DUT has been tested using the following methods to meet the ISO 17025 Standard by the PV Lab at Newport
Corporation. Quoted uncertainties are expanded using a coverage factor of & = 2 and expressed with an approximately
95% level of confidence. Measurement of total irradiance is traceable to the World Radiometric Reference (WRR) and all
other measurements and uncertainties are traceable to either NIST or CNRC and the International System of Units (SI).

The performance parameters reported in this certificate apply only at the time of the test, and do not imply future
performance.

Efficency [%] 756 = 0.17 [ V oc[V] 4036  + 0.056 | I sc[A] 0.06796 + 0.00124

P_max [mW] | 179.17 + 3.85 | V_max[V] 3.029 + 0.033 | I max[A] | 0.05916 =+ 0.00072

FF [%] 653 + 1.0 | Area[em”2] [ 23.707 + 0.085 | M 0988 + 0.004
Methods:

I-V: ASTM E948-15 Standard Test Method for Electrical Performance of Photovoltaic Cells Using
Reference Cells Under Simulated Sunlight

W6 X kHFHEpLHEMFREEGHTOPV i £% A Newportin@E 2
BB E R k& 7.56% (active are 23.7cm2)
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W7 2B LHAPETHERAEAF Y » 2R B AREY Fioper fir
+ N, o2 & 2 PV200:PC60BM L 5 B #c sk § 8 (i saF v
i# 5% > 3 % ¢ ff 29.25cm?)

W 8 Belectric # * PV2000 & PET i+ & v 1

s
g s L8P t*_%l’e‘-"a*" e

o @ 9 #1770 PVA00O i = kgt o @ PR N ¥ - 34 P Al g
PSR A S Bw P AR FEE ST > 2 PV4000:PC7T0BM ¢
#lirhFE N A # L ¥ d ) PCE 10% ™ F (% 2) # % & Jsc ¥ 8 &
20.8mA/cm? ; g H o w g 250-300nm B e 7 oA i o i H iF o pE
R g ﬁlﬁi? B TRE o EkEAHMET G A H 7}9#&’3? PV2000 >
PV4000 £ + § B %= »]z W (500 850nm) % € i M (1.52eV) s & k2 ¥ 3§
& ?—TB‘* /rS i P AR E R ¥ Ak N & i (tandem ceII):%ﬁa’
- R R ETEH T o

sl
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1.0 -
4 08 4 PV4000
<
T 0.6
N
£ 0.4 -
S 0.2 -
0.0 LA L L L | et
300 400 500 600 700 800 900
Wavelength (nm)
B 9 PV4000 2 UV-Vis Spectra

£ 2 B F kS B AT PVA000 F & A i g 2%

Acceptor Device \oc [V] Jsc [mA/cm?] FF [%] PCE [%]
PC60BM Inverted 0.73 18.27 66.7 8.83
PC70BM Inverted 0.73 20.80 66.8 10.1

*RP A & AT EET EHIFOPV &

Frorp o N A fullerene #42 § # %, F - & B d ¢ photo-induced
dimerization %2 thermal-induced phase separation 7 4§ = |+ > p 5 B "% * 3
oo B NAFAFZERHE BURFRFRLE R 2 ARELEE R
E 7 f A o A NGB AT L EM PR HENIS G 0 NV2000 % B 5 3
P SRR kR RS g 2 R Newport 3 E 6.7%5 A & 0 5
p —e‘l‘f 7 fullerene 2. ¢ > B > H a3 WERIT A T EFHF P HE BN ARG
N-2| & » + 2 FHHE(2 e HEFEEF FILFBH L > 9 01
cm?/Vs (FET) » 5% kRl 3a % % B or » o B o 8 iF k2 4 & & 3+ 200°C
T v @ 10 A~ 4502+ o fp 3t PC60BM 2 PC70BM(@t 448 B » B & 110 %
140°C) » NV2000 #r# fe ek j& (i 8 & £ 3 { & ch# 48 T4 o

42 3 B F L EHBALAI NV200 F =2 i &

Donor Device Voc [V] Jsc [mA/cm?] FF [%] PCE [%]
PV2000 Conventional 0.83 11.2 65.3 6.1
PV2000 Inverted 0.83 11.5 70.3 6.7*

* The Certified PCE value by NREL for All Polymer blend Single Junction OPV
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FWEE TR 2 PR A

W FE Lk HR g 0 5 & 2010 8 M FE kT
#*zﬁi 1% 3 £ % 0 R F T ALINEFE ERELR P ORAP L A

CEREBRRERTGEAAMBETA AT I OEAREEAIREF AL
f?ﬁﬁﬁifﬁ’s&’"ﬁ P RPN AL BATR AT P AR A R H®
wEFiE 8% b AR P R RE LAY Wi P W Solarmer »
Mitsubishi ~ Merck ~ HKUST -~ Polyera & o @5 3 B Ik # e F &
9-10% 1 F chiT & » + L FMH e 2B LI REC T2 AT R
SOUREH ORPRET R ARTHEERY B RAEG R RA o F RS
;_ila’)%ﬁ&@féf?:“*’yé(OPV)aﬂ*“:}jqﬁé] SN FV R AR
2 RF 2 PR RPHF 2T IR KD

AP 2B FRAFIHBEFEN FE A2 OPV AR & 5 A
Ap o P R FEREED DARERIE S DA RA 2 G F Y
FRA AT - R F R o AL S 2 TR in 10% PCE OPV £ H8 H
AR » 2 OPV 2 R & A LM R P AP p 3 HlHjFe
%ﬁé’-’ﬁéﬁ:ﬁrﬁ?&\ tidc % 4 2 & 5 %7 o pom 2015 & A7 NREL i & 3 ¥ &
(single junction) OPV =~ i* ﬁ?@ah’é e 5 11.5% > % d F ik B~ §F He Yan #f
Wi, L HPHLEHLIFLI PP DY AT FPREZLES DROTH - FHA
ToAPREFHFRFRFEIFRHKN 2 F NI E P AF
FMHF Z PP 2R ERF FES AR EFREE 2 4 FF
Bl B 5 fREL CFFEGRABEE SN T URF R G

% & o ni_?é’.‘}“"“."135%%;%‘\9%']@1%2’ w PET A#F ®irgity %
R AR gt ks c e A N Alg A F X ERMYRE . S P

i

,%‘1 fullerene 2 * > 4& > & OPV £ 5 0% 2 &M # RO N-3 3 &~ 3
E P S
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£ 4 233 10% PCE OPV & § 48 44 42 3t k. jm @
P PTB7-Th"” PBDT-TS1" PffBT4T-20D PV2000
w01 | Jianhui Hou Jianhui Hou He Yan
HESE | Gmpsm) | RRAER) |(BER) Polyera
Luping Yu (¥ Bz | Luping Yu (¥ Bz | He Yan & gl
M ELEL) w < 8) %k R
Inver. 9.94%((;%3&) | Conv. 10.2%
iclilg\f Y. Cao (¥ B R & 5 (CB- ) ; Conv. py ii)lo'%% Inv o 10-36%
T1)FH* PEN | 9.47% (214 73 &) 170 i
A A % A g 0-xylene CB/DCB =1/1 o-xylene
/p’?ﬂ,J UL CB(; % p’gﬂ) ?}E—-%{,%fjﬂ]) (/\ — ,\,\.) jli_ %\fé‘ﬂ)
S RT, MeOH post o
wwERE  |RT treatment 110 °C RT
AR RT RT 110 °C RT
W 80-100 nm 100 nm 250-300 nm 250-300 nm
% & @#s | Spin coated PFN . . .
% (ETL)J (Y. Cao) Spin coated ZnO Spin coated ZnO Spin coated ZnO
Tk @ rﬁ%l Vacuum thermal Vacuum thermal Vacuum thermal Vacuum thermal
/%; (HTL) MoO3; MoO; MoO; MoO3
PC61BM Inver. 9.6% Inver. 9.4%
ERER (3%DIO) w/o additive
2t fullerene | Inv. 3.0% H. Yan Inv. 5.31% Inv. 6.3% Inv. 6.7%
e (SF-PDI2 /|- %) | (PPDI /|- & %) (SF-PDI2 -] %) [ (NV2000 % » &)

(@) p = 2015 & #7 NREL 22 & % single junction OPV ~ i g »cF 5 11.5% ¢ He Yan
1T HM 4RSI PP By A T J_/Fimgiz% °
(b) PTB7-Th 2 PBDT-TS1 4474 p Luping Yu #c# 7% 412. PTB i 5] % » &

-‘ﬂi,-‘ /z: ‘f‘__:, il

25 OPVXERHPLEAHEFAR
DR Heliatek BASF Merck Solarmer o F
Wil | (she BE O paete | sete | sete | aets
sheet) (roll-to-roll) | (roll-to-roll) | (roll-to-roll) | (roll-to-roll)
FES A % i Y Y Y
EyTop: 12% 7~8% 8~9% 9~10% >10.3%
(tandem cell) | (single cell) | (single cell) | (single cell) | (single cell)
4 # (3 7%
fed b (5 Lrs ) i+ i+ (z&pH~ | B-82F53
7 100nm % #2) | A ~ 300nm)
B (E
A= & ® LR LR L 0 £ R
2 A%E)
Zfullerene P & & & 2
f ’ﬁ B H H [
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PR LS - LR PSP RERD T ik
T AR A F PN RRT G RE PFRT R AT ERRF TR
HPA RS fride WA - F S PRI NS RFRLR R FALALE W
% (Internet of Things) % & # * § % % » F % 4 &t 7 2 7 (Smart home) 2 4F
iPES % K E (Smartoffice) s * 0 R - AL AR R F A RN R H®
BT R RS LRSS DT - AT s X PR
HPABRF L AF AT L EME RN 2 Ty 2 RFL 2R
TR Rl ERUAEYRRE M AR R EF OPV Bl et e fiweanp
FHEOPV HRI @ e B D PP E 3 BT A BATE A L
o (T ARSI RER RPN T e

I~3Tp

1.Design Rules for Donors in Bulk-Heterojunction Solar Cells—Towards 10%
Energy-Conversion Efficiency, Adv. Mater. 2006, 18, 789-794.

2. Polymer-Fullerene Bulk-Heterojunction Solar Cells, Adv. Mater. 2009, 21, 1323-1338.

3.A Review on the Development of the Inverted Polymer Solar Cell Architecture, Polym. Rev.
2010, 50, 474-510.

4. Polymer solar cells, Nature Photonics 2012, 6, 153-161.

5.Aggregation and morphology control enables multiple cases of high-efficiency polymer
solar cells, Nat. Commun., 2014, 5, 5293-5300.

6.New Class of Semiconducting Polymers for Bulk Heterojunction Solar Cells with
Exceptionally High Performance, Acc. Chem. Res. 2010, 43, 1227-1236.
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