회전 자기조립법을 이용한 정렬된 구조의 다층박막 제작

조진한, 차국헌, 이기봉1
서울대학교 응용화학부, 포항공대 물리학과

Fabrication of Highly Ordered Multilayer Films Using Spin Self-Assembly Method

Jinhan Cho, Kookheon Char and Ki-Bong Lee1
School of Chemical Engnieering, Seoul National University,

1Department of Physics, Pohang University of Science and Technology
Introduction

   Ultrathin multilayer films have attracted much interest for their wide applications such as sensors, integrated optics, friction reducing coating, biological surface, light-emitting devices (LED), or surface orientation layers [1]. Most of these applications require preparation of stable and well-organized films with fast fabrication processes. Several years ago, Decher et al.[2] presented the layer-by-layer self-assembly (SA) method to fabricate multilayer thin films consisting of anionic and cationic polymer layers. This layer-by-layer self-assembly method is principally based on the self-diffusion process in which charged polyelectrolyte chains are adsorbed onto an oppositely charged surface due to the electrostatic attraction. As a result, the adsorption time, proper control of pH, polyelectrolyte concentration and amount of added ionic salt should be considered in order to increase the surface coverage of a polymer layer adsorbing onto a substrate. In addition, without thorough washing using a flow of pure solvent after the adsorption of a polyelectrolyte layer, the weakly adsorbed polyelectrolyte chains significantly increase the surface roughness of the multilayer films, yielding poor film quality. Consequently, optimum conditions for both adsorption and careful washing steps are required in order to prepare well-defined multilayer films. 

In present study, we report a fabrication of multilayer films using a spinning process as an alternative to fabricate well-organized multilayer films in a very short process time. Poly(allylamine hydrochloride) (PAH) and poly(sodium 4-styrenesulfonate) (PSS) were, for example, used as a cationic and an anionic polymer, respectively. Inorganic cadmium sulfide (CdS) nanoparticles carrying negative charges at the particle surface were also employed in order to demonstrate the quality of the internal structure of multilayer films prepared by the spinning process

Results and Discussion

The extent of desorption can also be quantitatively measured when the spinning speed is increased at a fixed solution concentration. Figure 1(a) represents a log-log plot of the average absorbance per bilayer as a function of spinning speed for several polyelectrolyte concentrations. We found that the absorbance, linearly proportional to the film thickness, decreases with the spinning speed with a scaling exponent of 0.34. The absorbance per bilayer as a function of initial polyelectrolyte concentration is also shown in Figure 1(b). With the spinning speeds tested in present study, the absorbance per bilayer increases with polyelectrolyte concentration with a scaling exponent of 0.74 up to a limiting concentration of 10 mM above which the absorbance per bilayer reaches the plateau value. The resulting absorbance can be related to spinning speed ( and initial concentration Ci as follows:

A ( ( H ) ~ ( -( Ci(,  with ( = 0.34 and ( = 0.74   (0 < Ci 
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where A is the absorbance per bilayer and H is the bilayer thickness.

On the other hand, many theoretical models and experimental results based on the spin coating of monolayer films of thickness ranging from millimeter (mm) to micrometer ((m) have shown that the film thickness H is proportional to the - 0.5 power of the spinning speed and the 1.5 ~ 2.47 power of the initial polymer concentration with consistency [3,4]. These differences in the power exponents for both the spinning speed and the initial solute concentration given in the case of the ultrathin multilayer films could be explained, though not fully understood, by the strong interaction such as electrostatic force between a sublayer (or a substrate) and a coating layer and the facile elimination of weakly adsorbed polyelectrolyte chains. As the thickness of a film layer is increasingly smaller, the interaction effect between a sublayer and a coated overlayer is more important and therefore significantly reduces the elimination rate of adsorbed layer caused by centrifugal and air shear forces. Conversely, as weakly bound layers increasing with increasing the polyelectrolyte concentration are thoroughly eliminated by the washing step, we believe that the value of power exponent ( depending on polyelectrolyte concentration is smaller in the case of ultrathin films than that given for relatively thick monolayer films.

In order to investigate the internal structure of spin SA films, we prepared negatively charged CdS nanoparticles with a diameter of about 20 Å and then investigated the internal structure of (PAH/CdS)20 multilayer films exploiting the significant electron density difference between a polyelectrolyte layer and an inorganic nanoparticle layer. As shown in Figure 2, the multilayer films clearly exhibit the Bragg reflection peak as a main peak (at ~ 3.4 degree) and the small oscillation peak originating from the internal structure and the total film thickness, respectively. It is particularly striking to note the existence of a Bragg peak even in the (PAH/CdS)20 film composed of alternating nanoparticle layer of 20 Å in diameter and PAH layer of 6 Å in thickness, which strongly indicates that each layer in the multilayer films forms an densely packed layer carrying a sharp internal interface in spite of the ultrathin film of the organic layer. In addition, the dense packing layer of CdS was confirmed using AFM. However, in the case of a (PAH/CdS)20 multilayer film prepared by conventional SA method, the average bilayer thickness is about 6 Å, and this bilayer thickness is yet much smaller than even the average CdS nanoparticle size of 20 Å. This disagreement between the bilayer thickness and the nanoparticle size for a film prepared by the dipping method is believed to be caused by the insufficient surface coverage of respective layers, and this further causes less electron density difference between organic and inorganic layer, as mentioned in several papers [9-11] This distinct difference in the multilayer structure shown in the spin SA and the dipping SA films clearly indicates that the spin SA method can easily provide the well-ordered internal structure which cannot be achieved in the case of the dipping SA even with high ionic strength of polyelectrolyte solution or multiple organic layers between inorganic particle layers.
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Figure 1.  (a) The effect of spinning speed on adsorbed amount of PAH/PSS bilayers by spin SA method. (b) The effect of mole concentration ranging from 1 mM to 10 mM on adsorbed amount of PAH/PSS bilayers. Each point in the figures indicates the average absorbance per bilayer of 20 bilayers.
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Figure 2. X-ray reflectivity curves of [(PAH/PSS)n/(PAH/CdS)1]m ( [n + 1] x m = 20 or 21 ) films prepared by the spin SA method. The increase of bilayer number of (PAH/PSS) from 0 to 4 causes the increase of d-spacing between polyelectrolyte and nanoparticle from 2.6 to 12 nm. The arrow symbols in the figure indicate the Bragg peaks of such internal structure.
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