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EFFECT OF SEVERAL, ORGANIC BUFFER LAYERS 
ON "F-TCNQ EPITAXIAL GROWTH 

TSUTOMU SUMIMOTO, SHIGEKAZU KUNIYOSHI, KAZUHIRO KUDO 
AND KUNIAKI TANAKA 
Department of Electrical and Electronics Engineering, 
Chiba Universi& 1-33 Yayoi-cho, Inage-ku, Chiba 263, Japan 

Abstract The orientations of TTF-TCNQ films co-evaporated onto 
several kinds of organic buffer layers were investigated. The c'-axis of 
TTF-TCNQ was normal to the substrates. However, the direction of the 
b-axis was random on CaFZ and cadmium-stearate LB film deposited 
CaF, substrates. The b-axis of TTF-TCNQ evaporated on polytetra- 
fluoroethylene (PTFE) rubbing layer arranged across the rubbing direc- 
tion, but the film contained many grooves due to PTFE rubbing. TTF- 
TCNQ films on calcium-stearate/PTFE buffer layer had flat surface, 
even though the degree of the b-axis orientation was not high. 

Introduction 

The preparation of highly-oriented organic thin films by the vapor phase deposi- 

tion is one of the important techniques for organic electronic device applications. The 
molecular orientation and the anisotropy of the organic thin films result in unique elec- 

tronic and optical properties. A single crystal of "TF-TCNQ which is well known as a 

one-dimensional conductor shows a highly anisotropic electrical conductivity. The 

electrical conductivity along the stacking axis (b-axis) is 2 or 3 orders of magnitude 
higher than that of a- or c*-axi~I-~. If the TTF-TCNQ thin film with the b-axis ar- 
ranged along a single direction in the sample surface is obtained, it will be useful to 
apply to the electronic devices. In general, the molecular orientation of the evaporated 
film strongly depends on the surface condition of the substrate. From this point of view, 

surface modifications of the substrate by physical and/or chemical methods are impor- 
tant. Thus,the introduction of organic buffer layers on the inorganic substrate is a 
promising technique to arrange the functional molecules in the desirable manner. 

The molecular orientation in the surface direction has not obtained on the glass 
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226 T. SUMIMOTO ET AL. 

substrate. Even on the alkali halide substrates such as KCI, bioriented micro-grains 
were observed4. Therefore, it is necessary to introduce some treatments of the substrate 
surface in order to align the b-axis of “F-TCNQ in the same direction. One of the 
promising techniques is to introduce well-oriented organic buffer layers such as 
Langmuir-Blodgett (LB)  film^^.^, rubbing polymer films’, evaporated organic films8, 
etc. 

Experimental 

We have prepared three types of organic buffer layers on the calcium fluoride 
(CaFJ substrates as shown in Fig. 1. CaF, substrates were used to evaluate the molecu- 
lar orientation using infrared absorption measurements. First type is 5-monolayer 
cadmium-stearate (St-Cd) LB film deposited by a conventional vertical dipping tech- 
nique and they have the Y-type structure. Second type is polytetrafluoroethylene 
(PTFE) layer rubbed onto the CaFz substrate kept at 130°C. PTFE layer was prepared 
by a same manner as reported by Wittmann et al.’. Highly-oriented PTFE layer was 

obtained in the rubbing direction, but the PTFE surface was rather rough due to the 
rubbing by force. As shown later, many grooves with various heights along the rubbing 
direction were observed in SEM images. Third type is two-layered organic buffer film 
consists of St-CaiPTFE. The main aim of this type is to prevent the surface roughness 

and defects. The St-Ca layer is chosen to reduce the surface roughness without losing 
the highly-orientation of PTFE layer. Schematic diagram of molecular structure of St- 

Ca is shown in Fig. 1. It is known that the fatty acids like St-Ca exhibit two possible 
molecular orientations, the normal growth and the lateral growth, by changing substrate 

Fig. 1 The structures of the organic buffer layers and the chemical 
structures of the materials used as buffer layers. 
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EFFECT OF ORGANIC BUFFER LAYERS 221 

materials, substrate temperature and growth rate during the evaporation'. We prepared 
the St-Ca buffer layers by evaporation to establish the lateral growth. 

n Onto these organic buffer layers, 

TTF-TCNQ thin films were deposited by 

using a co-evaporation technique in vacuum 

around Torr. Schematic diagram of the 
co-evaporation system is shown in Fig. 2. 
TTF and TCNQ were sublimed from two 
crucibles and these temperatures were 
controlled independently. Substrate tempera- 

(pi+) BUFFER LAVER 

ture during evaporation was room tempera- 

ture and deposition rate was about 70nmlhr. 
The film thickness was about 200nm. 

Fig. 2 Schematic diagram 
of co-evaporation system 
for TTF-TCNQ growth. 

We investigated the molecular orientation of those samples by X-ray diffraction 
(XRD), scanning electron microscope (SEM) and Fourier-transform infrared absorp- 
tion (FT-IR), including infrared reflection absorption spectroscopy (RAS). For RAS 
measurements, Au/Cr coated glass substrates were used. The wavenumber region of 

FT-IR measurement was from 4000 to 1000 cm-'. 

Results and Discussion 

I. St-Ca buffer layer 

First, we describe the molecular orientation of St-Ca buffer layers to help a clear 
understanding of TTF-TCNQ thin films. XRD patterns of St-Ca evaporated films on 
(a) glass substrate and (b) PTFE layer are shown in Fig. 3. As the diffraction planes 

shown in the figure, XRD peaks observed at low angle region 2 k 7 "  'and those at higher 

angle region 2b21"  correspond to the normal growth and the lateral growth of St-Ca, 

respectively. XRD results indicate that the lateral growth exist dominantly in the St-Ca 
film on PTFE layer, while the normal growth is dominant on glass substrate. 

SEM images of St-Ca evaporated films on (a) glass substrate and (b) PTFE layer 
are shown in Fig. 4. We could see the rod-like images in both SEM images. According 
to the results by Yase et aL9, these rod-like images correspond to the domains of the 
lateral growth. XRD patterns and SEM images indicate that the lateral growth of St-Ca 
is dominant on the PTFE layer. Furthermore, the lateral growth arranged in the single 
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228 T. SUMIMOTO ET AL. 

direction is observed only on 
the PTFE layer and the 
direction of long domains is 
perpendicular to the PTFE 
chains (rubbing direction). 

Schematic view of the 

molecular arrangements for 
the normal growth and the 
lateral growth is shown in 
Fig. 3. Since St-Ca mole- 
cules have an anisotropic 

growth due to the interac- 
tion between the long-chain 
of the molecules, the lateral 
growth region tends to 

extend in the longitudinal 

direction against the long- 

chain of St-Ca molecule. 
Therefore, rod-like micro- 
grains in Fig. 4(b) are 
formed on the substrate 

surface. 

>- 

51 W I- 

z 
I 

i f .  , , 1 

2 3 4 5 6 1’121 22 23 14 

26 (degree) 

P T F E  r u b b i n g  

Fig. 3 XRD patterns of St-Ca films 
and the schematic diagram of 
the molecular arrangements 
on (a) glass substrate 
and (b) PTFE layer. 

(a) On glass substrate @) On PTFE layer 
Fig. 4 SEM images of St-Ca evaporated films. 
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TCNQ/CaF, sample is 

from (00n) plane are seen. 
This result indicates that the 
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11. 'ITF-TCNQ co-evaporated films 

3 

0 0 z z 
0 

h 

N 0 

s s. 
Y 

*E 
, l  

$ 

229 

/glass. Intensity of the peak around 

2200 cm-' which is assigned to the 
CFN stretching mode is large in the 

RA spectra compared with the 

transmission spectra. It indicates that 
TCNQ molecules are rather standing : against the surface. The FT-IR W 

n 

w 

5 results also indicate that the c*-axis 
of TTF-TCNQ is normal to the sub- a 
strate. SEM image of the sample e? 

% 
3 surface is shown in Fig. 7. 

32M) 2800 2400 2000 I800 1600 

WAVENUMBER (cm-1) 

Fig. 6 FT-IR spectra, (a) transmission 
spectra of TTF-TCNQ/CaF, 
and (b) RA spectra of 
'ITF-TCNQ/Au/Cr/glass. 

Fig. 7 SEM image of TTF-TCNQKaF,. 
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230 T. SUMIMOTO ET AL. 

The random network of the rod-like micro-grains along the b-axis of TTF-TCNQ 
crystal is observed in the SEM image. It is proved by these measurements that the c*- 
axis of TTF-TCNQ is controllable without any buffer layer, but the b-axis is random 
in the substrate surface. 

XRD pattern and SEM image of 'ITF-TCNQ/St-Cd/CaF, are almost same as the 
TTF-TCNQ/CaF, sample. In the case of TCNQ evaporated film', the molecular orien- 
tation was strongly influenced by the St-Cd LB buffer layer, and the TCNQ molecular 
plane arranged to be parallel to the substrate by the introduction of St-Cd LB film. In 
the TTF-TCNQ films, however, the orientation of c'-axis is normal to the substrate 
and which is independent of the St-Cd buffer layer. 

XRD results of TTF- 

TCNQ/PTFE/CaF, show almost the 
same patterns as TTF-TCNQ/CaF, 
sample. On the contrary, SEM image 
in Fig. 8 indicates that the rod-like 
TTF-TCNQ micro-grains arrange 
across the rubbing direction of 

PTFE. These results indicate that the 
b-axis of TTF-TCNQ arrange in 
perpendicular to PTFE chains. Fig. 8 SEM image of nF-TCNQpTFE/CaF,* 

However, the grooves with about 
2pm wide along the rubbing direction are observed in Fig. 8. This is probably due to 
the striped FTFE layer by rubbing. Thus, the TTF-TCNQ/PTFE has many defects and 
which may be a serious problem for applying to molecular electronic devices. 

The grooves due to the FTFE rubbing were not observed all over the surface of 
'ITF-TCNQ/St-Ca/PTFE/CaF, by SEM. It indicates that the flat surface was obtained 
by introducing the St-Ca buffer layer. However, the intensity of (OOn) peaks in XRD 
pattern of this sample were weak compared with that of TTF-TCNQ/PTFE/CaF, 
sample. Moreover, the SEM image indicates that the orientation of the micro-grains is 
random in the surface direction. The control of both the surface flatness and orientation 
of the b-axis in the lateral direction is not easy at the present stage. However, highly- 
oriented TTF-TCNQ thin films will be obtained on the St-Ca/PTFE buffer layer by 
controlling thicknesses of each layer and deposition parameters of TTF-TCNQ film 
such as growth rate, substrate temperature, etc. 
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EFFECT OF ORGANIC BUFFER LAYERS 23 1 

Conclusion 

We have examined the effect of several kinds of organic buffer layers on the 
formation of high-quality TTF-TCNQ thin film. XRD patterns and IR spectra show 
that the c'-axis of the evaporated lTF-TCNQ was normal to the substrate for all the 
sample examined here. The b-axis of TTF-TCNQ arranged in perpendicular to the 
rubbing direction of PTFE layer. However, the surface roughness of TTF-TCNQ film 
due to the rubbing grooves of PTFE layer was observed. The flat surface was obtained 
in the 'lTF-TCNQ/St-Ca/PTFE/CaF2 sample. In the present stage, however, the orien- 
tation of the b-axis of TTF-TCNQ was weak compare with the TTF- 
TCNQ/PTFE/CaF, sample. To obtain high-quality TTF-TCNQ epitaxial layers, the 
control of the thickness, deposition rate and substrate temperature for both the organic 
buffer layer and 'ITF-TCNQ film is important. 
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