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Introduction
> . We have already reported the three-fold improvement of OPVs performance by introducing the Cul
Substrate Co—e\{apqrated BHJ film . - interlayer between co-evaporated ZnPc:C60 BHJ film and substrate.l?
Merit: High charge separation efficiency
Demerit: Low charge transport efficiency B%P/Al - —T /e Table Summary of solar cells performances.
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It is well-known that molecular orientation of ZnPc I I I I ' ’_&‘ ) ) : ) - ) ) ) )
molecules in single film on Cul substrate are [ Substate ] | Sut?sl#ate ‘ We estimated that the hlgh_er light ébsorptlon coefficient was obtained by lying-down molecular orientation
controlled to lying-down orientation due to T-d control of ZnPc molecules in ZnPc:C60 film. ) )
interaction between ZnPc molecules and Gul.[1 Fig. (L) standing-up orientation ZnPc However, information of the ZnPc molecular orientation in ZnPc:C60 films has not been obtained by XRD
(R) lying-down orientation ZnPc and TEM measurements owing to its low crystallinity.
This work Experiment
Infrared reflection absorption spectroscopy (IR-RAS) is enabled to measure the Sample Preparation
molecular orientation (parameter:Sil) in amorphous ZnPc:C60 film. Vacuum Chamber Vacuum Chamber
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\\ ! Ry PEDOT:PSS/ITO (PEDOT:PSS substrate) was performed under in-situ
. ) — R: out-of-plane/in-plane intensity ratio - Cul (5 nm)/PEDOT:PSS/ITO (Cul substrate) conditions during evaporation.
Fig. The image of IR-RAS measurement Rr: out-of-plane/in-plane ratio in KBr pellet I * ZnPc (20 nm)/Cul/PEDOT:PSS/ITO (ZnPc substrate)

Molecular orientation in single ZnPc film
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Fig. (a, b) IR spectra of single ZnPc film on PEDOT:PSS and Cul substrate. (c) Orientation . (degree) §
parameter S for each film thickness Fig. XRD spectra of single ZnPc films
The value of On PEDOT:PSS substrate, ZnPc molecules with high crystallinity stacks
[‘ 0.73 on PEDOT:PSS substrate molecules each other and are formed standing-up orientation because of Orientation identification by IR-RAS measurements is considered to
+ -0.13 on Cul substrate weak interaction between ZnPc molecules and substrate. be useful since XRD results agree with the orientation state
|S=-0.5 if the molecules are completely parallel | On Cul substrate, ZnPc molecules are formed lying-down orientation due to evaluated by IR-RAS.
i S =11f they are completely perpendicular i m-d interaction between ZnPc molecules and Cul.
Molecular orientation in co-evaporated ZnPc:C60 BHJ film Solar cells performance
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Fig. IR spectra of ZnPc:C60 films on (a) PEDOT:PSS substrate, (b) Cul substrate, and (c) ZnPc substrate
The controlled lying-down orientation of ZnPc molecules in the co-evaporated

08 ZnPc:C60 films leads to higher Jsc and PCE of solar cells.
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- 02 P o e ssenre®) ZnPc:C60/PEDOT:PSS - 0.57 ~10 nm: mainly controlled to lying-down We premsely investigated the ZnPc molecular orientation in the co-evaporated

< 00 d f“f:”f"f‘f{"”; ZnPc:C60/Cul sub m-d 0.25 orientation ZnPc:C60 BHJ films by per“formlng in-situ IR-R/-\S measurements.

s e ZnPc:C60/ZnPe sub T 0.07 20 nm-~: standing-up orientation increase « ZnPc molecules were precisely controlled to lying-down orientation onto Cul
i 20w ZnPa/Cul sub md 013 and ZnPc substrates. )
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Fig. Orientation parameter S for each e substrates were controlled to be more lying-down orientation than those on Cul
film thickness /'S 1‘ substrate.

TI-Tr interaction between ZnPc-ZnPc molecules is stronger than m-d
\ ’ BHJ \// T-T interaction = interaction between ZnPc molecules and Cul.
‘ I S A 4\ 1 T1-d interaction ) ) « T7-T interaction and T1-d interaction could be able to control the molecular
BHJ = e e e e ] non-interaction : : i i
\ I / / ‘ cul l cul j orientation of ZnPc molecules at a few nanometer thickness in co-evaporated
Substrate ‘ s L ZnPc:C60 BHJ films.
ubstrate ‘ Substrate ‘ * The thicker co-evaporated ZnPc:C60 BHJ film is facilitated to weaker
non-interaction m-d interaction T-17 interaction = molecular orientation control.
The co-evaporated ZnPc:C60 film is influenced more weakly by molecular orientation control than single ZnPc film. Reference
However, ZnPc molecules in co-evaporated ZnPc:C60 BHJ films are also influenced by molecular orientation [1] C. H. Cheng et al, Applied Physics Letters 083305 (2010).
control, and more strongly controlled to lying-down molecular orientation on ZnPc substrate than on Cul substrate. g} \S' e;i‘;y:h?gt“; %;"g’-ﬁﬁz"g@iﬁ;ﬁfﬁ (')-eg‘ze;iggo'éggg;)z (2012)
T-T interaction between ZnPc-ZnPc molecules is stronger than 1-d interaction between ZnPc molecules and Cul. [4] M. K. Dobe, J. Appl. Phys., 55, 3354 (1984) '
[5] J. Lee et al. Materials Research Bulletin 58 132-135 (2014)
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