This article was downloaded by: [Renmin University of China]

On: 13 October 2013, At: 11:07

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl20

Effect of Co-evaporant Induced
Crystallization on Needle Growth of
Phthalocyanine Thin Films

Toshihiko Kaji # , Satoru Nakao * & Masahiro Hiramoto #

% Institute for Molecular Science , Okazaki , Japan
) P e Published online: 02 Sep 2013.

To cite this article: Toshihiko Kaji , Satoru Nakao & Masahiro Hiramoto (2013) Effect of Co-evaporant
Induced Crystallization on Needle Growth of Phthalocyanine Thin Films, Molecular Crystals and Liquid
Crystals, 578:1, 63-67, DOI: 10.1080/15421406.2013.804376

To link to this article: http://dx.doi.org/10.1080/15421406.2013.804376

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,

and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &
Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions



http://www.tandfonline.com/loi/gmcl20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/15421406.2013.804376
http://dx.doi.org/10.1080/15421406.2013.804376
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Renmin University of China] at 11:07 13 October 2013

Mol. Cryst. Lig. Cryst., Vol. 578: pp. 63-67, 2013 .
Copyright © Taylor & Francis Group, LLC e Ii,),’ ‘!‘E)[EM%CEEHCIS

ISSN: 1542-1406 print/1563-5287 online
DOI: 10.1080/15421406.2013.804376

Effect of Co-evaporant Induced Crystallization
on Needle Growth of Phthalocyanine Thin Films

TOSHIHIKO KAIJL* SATORU NAKAO,
AND MASAHIRO HIRAMOTO

Institute for Molecular Science, Okazaki, Japan

Needle growth control of metal-free phthalocyanine (H,Pc) films was performed by
using a recently proposed method, “co-evaporant induced crystallization.” Nominally
200 nm of HPc films were grown on indium tin oxide (ITO) coated glass substrates with
substrate heating of 70 and 40°C. The morphologies were observed by using scanning
electron microscopy (SEM), and the crystallinities were confirmed by X-ray diffraction
(XRD). Various lengths of needles were observed in the H;Pc films grown without
co-evaporant. With co-evaporant, in contrast, rather uniform and shorter needles with
larger diameters were grown. These results suggest that the co-evaporant enhances
rather 2-dimensional-growth than 3-dimensional-growth of organic films.

Keywords Organic photovoltaics; organic solar cells; phthalocyanine; thin film growth

Introduction

Structure control of organic thin films is important for fabricating high performance organic
electronic devices, such as organic transistors [1] and organic solar cells (OSCs) [2].
Especially, needle growths of organic semiconductors sometimes roughen their film surface
and the electronic devices composed of such films lose their robustness [3]. Recently, we
have proposed a new method of organic film growth, “co-evaporant induced crystallization,”
and succeeded in crystallizing donor-acceptor blends, the key part of OSCs, based on small
molecules by using a liquid as a non-sticking co-evaporant source during vacuum deposition
of the blend film and showed striking enhancements of photocurrent [4]. In this study, this
new method is utilized for controlling the needle growth of H,Pc thin films.

Experimental

Nominaly 200 nm of H,Pc thin films were grown on ITO-glass substrates by the apparatus
depicted in Fig. 1a after air plasma treatment. The deposition rates for the H,Pc were 1.0
A-s~!, while the deposition rate was kept at 0.2 A-s~! for the co-evaporants. The substrates
were heated to 70 and 40°C during the deposition. Water cooled quartz crystal microbal-
ances (QCMs) were used to monitor the deposition rate independently after calibrations. In
this study, we examined three polydimethylsiloxanes (PDMSs) with different chain lengths
as co-evaporants: C3HyoSiO(C,HgSi0),SiC3Hy, where n~13 (PDMS13), 41 (PDMS41)
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Figure 1. Apparatus of this study. (a) H,Pc film growth. (b) Molecular structure of PDMSs. (c)
Volatilization temperature measurement. (d) Volatilization temperature measurement result of a co-
evaporant, PDMS41, under arriving rate of 0.2 A/s.

and 87 (PDMS87) (see Fig.1b) since the PDMS41 drastically crystallized H,Pc:Cg blend
films in the former study [4]. The difference of the chain length results in the change of the
volatilization temperature. At room temperature, these all co-evaporants are liquid oils in
the vacuum system, while typical pressure of our system was about 1x 107> Pa.

The measurements of volatilization temperature of co-evaporants were performed in
the same vacuum system used for the film growth, using temperature-controlled QCM
equipped with a tungsten heater and a thermocouple (see Fig.1c). In Fig.1d, while elevating
the temperature of the quartz crystal, deposition rate of the co-evaporant on the crystal
gradually decreased, despite the arriving rate was kept at 0.2 A-s~! by monitoring with
another QCM. After the equilibrium at 0 A-s~!' was performed, finally, the direction of the
deposition rate was inverted from increase to decrease, i.e. emission rate became larger
than the arriving rate of 0.2 A-s~!. Above this critical temperature of inversion, which we
denote as volatilization temperature, the co-evaporant will not condense on the substrate.
The volatilization temperature of each co-evaporant was the following: 26°C for PDMS13;
48°C for PDMS41; and 103°C for PDMS&7.

(@)

No Co-evaporant PDMS41

Figure 2. SEM images of 200-nm-thick H,Pc film grown at 70°C without co-evaporant/with
PDMS41. (a) Cross-sections. (b) Film surfaces.
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Figure 3. SEM images of 200-nm-thick H,Pc film grown at 40°C without co-evaporant/with
PDMS13. (a) Cross-sections. (b) Film surfaces.

The morphologies and crystallinities of the grown films were observed by SEM and
XRD with a field emission scanning electron microscope JSSM-6700F (JEOL) and a powder
X-ray diffractometer RINT UltimallI (Rigaku), respectively.

Results

Figure 2 shows SEM images of H,Pc thin films grown at the substrate temperature of
70°C with and without a co-evaporant, PDMS41, which volatilization temperature, 48°C,
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Figure 4. Surface SEM images of 200-nm-thick H,Pc film grown at 40°C with PDMS87. (a) First
scanning. (b) Second scanning. (c) Wide-scanned image after the continuous observation.
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Figure 5. XRD pattern of 200-nm-thick H,Pc film grown at 70°C without co-evaporant. The inset
shows FWHM of the a-H,Pc(200) peak at different growth conditions.

is lower than the substrate temperature of 70°C, so, it is considered not to remain on the
substrate after the deposition. Various lengths of H,Pc needles are observed in the film
without co-evaporant. With PDMS41, in contrast, rather uniform and shorter needles grew.
This difference implies that the co-evaporant itself does not induce the needle growth, and
that the needle growth is caused by the substrate heating, which is conventionally known
effective for the crystallization of organic thin films [5-7].

For the clarification of each effect, co-evaporant and substrate heating, we again grew
the 200-nm-thick H,Pc films, at lower substrate temperature of 40°C. Here, co-evaporant
with lower volatilization temperature of 26°C, PDMS13, was utilized not to be condensed
on the substrate at 40°C. The SEM images in Fig. 3 clearly show that this temperature
lowering successfully suppressed the needle growth of H,Pc films compared to the growth
at 70°C in Fig. 2 and confirm that the needle growth is the effect of substrate heating. From
grain size comparison in Fig. 3, the effect of the co-evaporant is clearly noticed as the grain
size enlargement typically from 20 to 50 nm.

We also grew an H,Pc film with PDMS87, which volatilization temperature is 103°C,
obviously higher than the substrate temperature of 40°C, and should be condensed on the
substrate. Only with this film, we found a curious phenomenon during SEM observation
where fast expansion of H,Pc film occurred (see Fig. 4). This might be because of the
electron-beam irradiation of remained PDMS liquid. Since this did not occur with other
films, it is confirmed that such residual PDMS exists only in this case.

Finally, crystallinities of all these films were confirmed by XRD as shown in Fig. 5.
Different from the case of blend films [4], almost all films showed high crystallinity enough
to saturate the full width at half maximums (FWHMs) of «-H,Pc(200) peak [8].

Conclusion

We have demonstrated the needle growth control of metal-free phthalocyanine (H,Pc) films
by using a recently proposed method, “co-evaporant induced crystallization.” High temper-
ature of the substrate induced needle growth of H,Pc, while the co-evaporant acted for the
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enlargement of H,Pc grains in horizontal direction and made the needles rather uniform and
shorter. These results suggest that the co-evaporant enhances rather 2-dimensional-growth
than 3-dimensional-growth of organic thin films.

*This manuscript has not been published elsewhere and has not been submitted simul-
taneously for publication elsewhere.
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