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EPITAXIAL GROWTH OF 'ITF F n M S  ON ALKALI HALIDES 

N.ARA-KATOl*, K.YASE2 and A.KAWAZU1 
1Dept.of AppLPhys., The Univ.of Tokyo, Bunkyo-ku, Tokyo 113, Japan 
2Dept.of Polym.Phys., Natl.Inst.Mater.Chem.Res., Tsukuba 305, Japan 

Abstract TTF films deposited on three kinds of alkali halides were studied by 
atomic force microscopy(AFh4). In t h s  study it was found that TTF displays 
epitaxial growth below room temperature. On the other hand, it has been reported 
that TTF does not grow at room temperature by vacuum deposition. 

INTRODUCTION 

In order to apply organic thin films to electronics and optical devices it is necessary to 
control the constituent molecular orientations within a thin film]. For these reasons it is 
very important to understand the nucleation and growth mechanisms of organic films2. 
Vacuum deposition is one of the promising techniques to fabricate thin films with the 
desired crystal structures. On the other hand, it has been reported that TTF does not grow 
at room temperature by vacuum deposition3. 

Figure 1 (a) shows the structure of a TTF( tetrathiafulvalene ) molecule. TTF is an 
important electron donor often used in thin films. TTF is both a parent compound of 
TTF-TCNQ, one of the first organic metals, and also a basic compound of BEDT-TTF, a 
compound from which many organic superconductors have been derived. Figure 1 (b)-(d) 
show the molecular arrangements of the crystal, which were determined by X-ray 
diffraction, projected onto the ab-plane, ac-plane and bc-plane, respectively4. The crystal 
is monoclinic, belonging to space group P21/c, with lattice constants of : a = 0.7364 nm, 
b = 0.4023 nm, c = 1.3922 nm, p = 101.42'. The molecules form stacks along the b- 
axis, along which the crystal has the largest conductivity 4. 

microscopy(AFh4). In this study it was found that TTF epitaxially grew on three kinds of 
alkali halides below room temperature. 

TTF films deposited on three kinds of alkali halides were studied by atomic force 
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FIGURE 1 (a) Molecular structure of TTF. (b) Molecular arrangement projected 
onto the ab-plane. (c) bc-plane. (d) ac-plane. 

TTF single crystals parchased from Tokyo Kasei Kogyo Ltd. have needle-like shapes 
with typical dimensions in the range of 0.5-2 mm long, 0.05-0.1 wide and 0.01-0.05 
thick. The crystals were sublimated at the temperature of 70°C in a quartz crucible and 
deposited on the three kinds of substrates, NaC1, KC1 and KBr,which had previously 
been air-cleaved and annealed at 200°C during 1 hour in a pressure of 1 x 
temperature of the substrates were kept from - 1 OOOC to 20°C in 5 x 10-4 Pa during 
deposition. The substrates were fixed onto the holder, which was controlled by an 
electric heater and filling the liquid nitrogen in thetrap outside. The sample's temperatures 
were measured by a thermocouple. After the deposition the substrates were annealed to 
20°C at the rate of 10"Clmin and kept at the temperature for 10 min in N2 gas atmosphere 
and then they were taken out from the chamber. AFM observation was performed in air at 
room temperature by using NanoScope I1 and I11 (Digital Instruments, Inc., Santa 
Barbara, CA, USA). 

Pa. The 
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RESULTS AND DISCUSSION 

The incident molecular fluxes to the substrates were precisely controlled. The evaporation 
rate of TTF as a function of the temperature was obtained by using the 
therm~gravimetry~. It is around 1 x 1022 [molecules/m2~s] at 70°C. The incident 
molecular flux to substrate would be R = - 1019 [molecules/m2-s], after it was corrected 
by Clausing's factor of crucible and the I/R2 distance correction factor (R:the distance 
between the aperture of the crucible and the substrate)6. 

halide for 5 minutes at the substrate temperature of -20°C. For these substrates the films 
consisted of islands which longitudinal axes were parallel to the two equivalent < I  10> 
directions of alkali halides.The dimensions of typical islands are 1 - I0 pm in length, 0.3-2 
pm in width and 0.5-1 pm in height. These anisotropic shapes are similar to those of the 
single crystals grown in solution. It suggests that there is strong intermolecular 
interactions between TTF molecules stacked along the b-axis. This means that TTF films 
grow parallel to the surfaces of alkali hailides. The number of islands which did not align 
along the < 1 1 O> direction increased as the substrate temperature was lower. When the 
temperatures of these substrates were - 1 OOOC, most TTF islands arranged randomly with 
round-like shapes and did not show the axial relationship between molecular crystals and 
substrates. 

Figure 2 shows AFM images of TTF films deposited on three kinds of alkali 

The critical temperatures at which TTF films were able to be deposited on the 
substrates depend mainly on the kinds of substrates, incident fluxes and substrate 

FIGURE 2 AFM images ( 13.4pm x 13.4pm) of TTF films deposited for 5 
minutes at the substrate temperature of -20°C. (a) NaCI. (b) KBr. (c) KCI. 
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FIGURE 3 AFM images ( 125pm x 125pm) of TTF films deposited for 5 
minutes at the substrate temperature of -10°C. (a) NaCl. (b) KBr. (c) KC1. 

temperatures. For the flux R = - 1019 [molecules/m~~s], those were -1OOC for NaCl and 
KBr and 10°C for KCI, respectively. Figure 3 show AFM images of TTF films deposited 
for 5 minutes at the substrate temperature of - 10°C. The characteristics to the NaCl and 
KBr substrates are dendritic aggregation of islands. These aggregations are observed only 
when the substrate temperatures were -10°C for the NaCl and KBr substrates. These 
results could be interpreted as follows. The substrate temperatures, - 1 0°C are high 
enough to move and aggregate for TTF islands, but not high enough to coalesce each 
other moving around. And higher temperatures than - 10°C are too high even to reach 
critical sizes for TTF clusters. On the other hand, all islands grow epitaxially on the KCl 
substrate. 

Figure 4(a) and (b) show AFM images of TTF films deposited on KCl substrates 
for 10 minutes at substrate temperatures of 0°C and IO"C, respectively. All islands grow 
epitaxially at these temperatures and TTF are not able to be also deposited at hgher 
temperature. No dendritic aggregation of islands could be observed at various conditions 

FIGURE 4 AFM images (50pm x 50pm)of TTF films deposited on KCl 
substrates for lominutes at the substrate temperature of (a) 0°C. (b) -10°C. 
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for KCl substrates. This means that TTF islands were absorbed on KCl substrates more 
stably than on NaCl and KBr substrates. Figure 5 shows schematic diagram of epitaxial 
growth of TTF on these three kinds of alkali halides depending on substrate temperatures. 

The differences between the stability of TTF islands on substrates and these 
critical temperatures could be explained by considering the differences of the surface 
energy and interfacial energy. In general, from a thermodynamical point of view, when 
usual atoms or molecules are deposited on several substrates, the larger the surface 
energy of substrate is and the smaller the interfacial energy is, the stronger the binding of 
the film to the substrate is. The value A = 0s - CFS is a order of the strongth of the 
binding of the film to the substrate. ( os : the surface energy of substrate, q s  : the 

interfacial energy between a substrate and a film. ) From the experimental results the 
following relation is obtained. : A(NaC1) - A(KBr) c A(KC1). Since the surface energies 
of three alkali halides were estimated as oS(NaC1) = 0.438 Jm-2, oS(KBr) = 0.229 Jm-2 
and oS(KC1) = 0.264 Jm-2, respectively7, the following relations are obtained. : 
ms(NaC1) > oFs(KBr), qzs(NaC1) > o~s(KC1). The relation between mS(KBr) and 
qS(KC1) can not be obtained only from these disussion. 

Substrate DA : Dendritic Aggregation 

NaCl 

KBr 

KCI 
I I I 1 I I 

-30 -20 -10 0 10 20 

Substrate Temperature ("C) 

FIGURE 5 Schematic diagram of epitaxial growth of TTF on three kinds of 
alkali halides depending on substrate temperature. 
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