Methylsilsesquioxane 의 반응 aging 정도에 따른 구조적-열적 
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Introduction

As devices continue to be scaled down in IC (integrated circuits), the dimension of wiring pitch decreases and the number of interconnect levels increase simultaneously [1-9]. In addition, as IC technology moves into the deep sub-micrometer regime, the signal propagation delay in the interconnect becomes an appreciate fraction in the total time delay [1,2,4,6,8,9]. Problems with interconnect resistance-capacitance (RC) delay, power consumption, and cross-talk become more significant as feature sizes in the integrated circuits approach to < 0.15㎛[1,2,6,8,9]. Integration of low dielectric constant materials will partially diminish these problems. Low dielectric constant interlayer dielectric (ILD) materials are required to meet these demands. Implementation of low-K materials is developing more slowly than many suppliers originally expected. IC fab’s hesitation to use the materials and numerous technical challenges have resulted in the delay of low-K material adoption. Low K materials consumption will gradually increase and by 2003, the global low-K material market should reach $150 million and expand rapidly [3].

Development of materials with low dielectric constants of < 3.0 with stability at > 450℃ have been focused on [2,9]. Current chip manufacturing processes require the insulating materials to be thermally stable to at least 400 ℃ ( including high Tg ), to have lower moisture absorption, to have good adhesion to metals and passivation coating ( oxides and nitrides ), to have mechanical toughness to prevent crack propagation, and to exhibit coating hardness to withstand the rigors of chemical mechanical planarization (CMP), to name just a few of the requirements [3,6,9].
Although there are a wide variety of low dielectric constant materials, based either on spin-on deposition or chemical vapor deposition (CVD) process, having been developed or reported, a commercially available spin-on polymer (SOP), methylsilsesquioxane is one of the most promising materials for intermetal applications [1-9].

Methylsilsesquioxane polymer, (CH3SiO1.5) exhibit good adhesion to silicon, CVD oxides, and aluminum. After curing, films of methylsilsesquioxane are very resistant to ambient moisture with little or no variation in the dielectric constant over the relative humidity range of 40 to 80%. Furthermore, methylsilsesquioxane provides superior flow and excellent gap fill capability down to small gaps of 0.06㎛. The out-of plane dielectric constant of methylsilsesquioxane has been determined by capacitance-voltage to be 2.5 at 1 MHz [1]. Fully cured PMSSQ shows intrinsic dielectric constants between 2.7 and 2.9 and low moisture absorption and exhibits good thermal stability to 500°C and high mechanical hardness. Increasing the porosity of poly(silsesquioxanes) can decrease their dielectric constant, while maintaining the other desired properties [1,2,9]. 

Theoretical 
Sol-Gel methods and Emulsion polymerization, which can easily produce a three-dimensional inorganic network by chemical reaction at relatively low temperature, are attractive due to their potential application in the presentation of these target materials [10]. The sol-gel chemistry in low temperature conditions can be used to produce organic-inorganic materials nanocomposite from the in-situ formation of silica-rich phase in a polymer matrix [11]. Basic Mechanism follows [10-12]:
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      Sol-gel processing of materials is plagued by shrinkage during polymerization of the alkoxide monomers and processing (aging and drying) of the resulting gels [12]. Especially, when methylsilsesquioxane is applicated to organic/inorganic hybrid for nanofoam matrix for low dielectric material, material’s structure (ladder or cage) and stability (mechanical and thermal) is very significant. So, this study was focused on aging and drying time. The preparation of Methylsilsesquioxane was obtained by polymerization from organo-alkoxysilane monomers in aqueous solution.

Experimental

A. Reagent
MTES (methyltriethoxysilane, 99%, Aldrich co.), DMDES (dimethyldiethoxysilane, 98%, TCI co.) and Sodium hydroxide were used without further purification. Sodium- dodecylbenzenesulfonic acid (TCI co., hard type, 95%) 

B. Preparation

 A mixture of methyltriethoxysilane (0.91mol, 16.22g) and dimethyldiethoxysilane (0.10mol, 1.482g) was added dropwise into pure water (83.16ml) and 48% sodium hydroxide (0.65g) over a period of 20min, maintaining the two layers. The mixture was slowly stirred at 7-8℃. After 50min, 5% sodium dodecylbenzensulfonic acid (6.0g) was added dropwise into reaction mixture. After 18h, separation of resulting precipitates by centrifugation, washing with pure water and drying for 12h under reduced pressure (90℃/1torr). 

     Before centrifugation, , each samples were obtained with the different aging time, 18h, 96h, 256h, at 7-8℃. A sample with aged for 256h at 7-8℃ was dried 12h under reduced pressure at 100℃.    

Result

  Each sample was a white powder, but had the different shape. The 18h aged simple was similar to a 96h aged sample that are distinguished to 256h aged thing. Although SEM was not used in this analysis (scheduled), particles (or powder) obtained by the polymerization of methyltriethoxysilane and dimethylethoxysilane do not undergo topological metamorphosis of the particle shape.

  Figure 1. shows the distinguished peaks of Methylsilsesquoxane between 18h aged and 256h . The Si-O stretching frequencies of these materials transmit in the region 1200-1000 ㎝-1. The Si-CH3 group displays three bands 780㎝-1 , 1270 ㎝-1  , 2900㎝-1    and the Si-OH band displays peak in 900㎝-1 . IR data shows the distinguished peaks and shape of Mssq from aged with different time. 
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Fig.1. The FT-IR of 18h and 256h aged Mssq.        Fig.2. Methylsilsesquioxane

     (Before Cured)

In TGA data, Figure.3-5, the aging effect shows its changed properties thermally. Thermal behavior was also shown the distinguished properties among the samples. In 5% decomposition, 310℃ for 18h aged, 350.4℃ for 96h, 385.2℃ for 256h. In 10% decomposition, its temperature was shown the similar behaviors. 

Conclusion

Under the different aging time and drying condition, Materials show the distinguished behaviors structurally and thermally. In structural analysis, Si bonds with CH3- or O- were revealed with the changed peaks. Thermally, temperature of decomposition with various percentage was shown the same behavior from ageing time and condition. These properties and characteristics have many significant on applicated to Nano-porous dielectric matrix or hybrid. Furthermore, many experiments such as dielectric constant measurement, NMR characterizaztion, water sorption with cahn balance and so on., are scheduled.
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Fig.3 TGA diagram of 18h aged Mssq.         Fig. 4.TGA diagram of 96h aged Mssq.
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 Fig.6. Chemical structure of silicone family 

Fig.5 TGA diagram of 256h aged Mssq.           Where R is commonly CH3- or C6H5- 
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