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Introduction
In recent years, the copper (Cu) electrochemical plating process, which is based on the dual-damascene technology, has been developed to replace the conventional aluminum-base metallization in memory and logic-device manufacturing process. It is due to its low resistivity (1.67µΩ·cm), high melting point (1085℃), and high electromigration resistance [1,2]. This electrolytic plating method is less expensive and less complicated in conditioning the process than Metal Organic Chemical Vapor Deposition (MOCVD) [3,4] or sputtering method [5]. However, in current electrolytic plating process, it requires copper seed layer because copper is hardly electroplated directly on metal barrier layers such as TiN and TaN. Therefore, various deposition techniques such as sputtering, MOCVD, and electroless deposition have been proposed for the preparation of a thin metal seed layer [1,2]. However, for dual-damascene processing with very high aspect ratio features, the step coverage of sputtered barrier and Cu seed layers expected to become the limiting factor for subsequent filling with electroplated copper. Recently, the electroless plating process, in which copper is directly deposited on the metal barrier without any seed layer, has been studied as another alternative [6,7]. In electroless plating process, deposited copper film has high step coverage and complete gap filling because it depends only on its surface reaction. Furthermore, it is relatively easy to integrate such a process in currently available copper electroplating processes and integration process steps to be reduced remarkably. Therefore, we can expect low process cost and high adaptability to the electrolytic deposition that comes in next sequence.

Experiment

In our present works, we have used the patterned wafer that has via holes or trenches with the aspect ratios of 0.5~5. The titanium nitride (TiN/Ti) as a metal barrier is deposited on silicon oxides [8]. Our experimental sequence of electroless copper plating is as follows. First, the wafer is cleaned with sulfuric acid and hydrofluoric treatment. Secondly, cleaned wafer is activated in Pd activator solution [7,9,10]. The palladium activator solution is composed of PdCl2, HCl, NH4OH, and HF in table Ⅰ. In the Pd pre-treatment, we were able to vary the size, the density, and growing position of palladium particles on the TiN barrier by changing the conditions of Pd pre-treatment. By employing post-treatment, we have also tried to remove palladium particles selectively which are populated on the top surface of TiN, remaining particles in via holes. The post treatments are DI water rinse and dipping in washing solution. Finally, we executed electroless copper plating after all these pre-treatments. 

The electroless bath was composed of 0.03M CuSO4∙5H2O, 0.05M EDTA, 0.1M HCHO, and 0.25M TMAH. Triton X-100, a,a’-dipyridyl, and poly-ethylene glycol (PEG) were also added as addictives. The pH of bath was 12.5 and the temperature was 50~75℃ during the electroless copper deposition.
Result and Conclusion

As an experiment sequence, the wafer is cleaned with sulfuric acid and hydrofluoric acid. In XPS analysis, metal or organic contaminants were not found and TiO2 was completely removed. However, the top surface is etched and the roughness of surface morphology relatively increases during the cleaning treatments. The cleaned wafer is immediately immersed into Pd-activator solution. In this solution, palladium exists in a specific Pd-ammine complex, mostly Pd(NH3)2Cl2 in PdCl2-HCl-HF-NH4OH bath [10]. HF in the solution removes the TiO2 that was formed on The TiN surface when it is exposed in the air. Furthermore, the etching reaction between HF and TiO2 generates electrons, which initiate autocatalytic reaction of palladium deposition [8]. 

In our experiments, we have found that the size and density of palladium particles are different according to the compositions of Pd-activator solution, process temperatures, and post-cleaning conditions. The size of deposited particles increased as activation temperature increases from room temperature to 50℃. At room temperature, palladium particles are in the range of a few tens of nanometer, whereas the particles grow up to about 200~300 nm when activation temperature goes to 50℃. On the other hand, the particle density on the surface relatively decreases as activation temperature increases. Especially, we have observed that the chemical states of palladium particles are somewhat different with varying the Pd activation condition. These different growing characteristics of palladium particles may affect on the growth of copper in electroless plating process. Therefore, we have studied on the process of copper fill-up growth according to the palladium activation conditions. We have set several experiment conditions for Pd activation and post-treatment as shown in table Ⅱ, which presents quite different growing features of copper. 

Firstly, we have executed the palladium activation treatment at room temperature for 5min. As mentioned above, the size of palladium particles are in the range of a few tens of nanometer and the density of particles are relatively high when wafer is activated at room temperature. We have also examined the effects of water rinse after the palladium activation. In case that Pd activated TiN surface as shown is not rinsed, copper film is uniformly deposited on the entire TiN surface in Fig. 1. On the other hand, when the Pd activated surface is rinsed before the electroless copper plating, copper film cannot be formed on the surface and only the copper particles are sporadically spread on the surface as shown      in Fig. 2. 

In case that Palladium pre-treatment on the TiN surface was performed in the Pd-activation solution of 50℃. We have monitored the effect of post-treatment, i.e. water rinse, on the copper-film growth feature. In the experimental results, the size of palladium particles increase up to about 200~300 nm when activation temperature goes to 50℃. The Pd particles mainly populates in the via holes when the water rinsing process is performed after the Pd activation. Figure 3 shows the deposited copper film after palladium activation at 50℃ without water rinse. Copper film is uniformly grown as in 25℃-activation and no water rinse. However, when we executed electroless copper plating after water rinsing on the Pd-activated surface at 50℃, copper grew selectively in via holes as shown in Fig. 4.

To summarize, we have observed that manipulating the activation and post-treatment conditions can control the size, the density, and the chemical state of Pd activator. In the meanwhile, we have found that the palladium particles may populate only in the vias, which results in topographically selective copper deposition, i.e. bottom-up first filling of copper. If our selective copper fill-up process is applied to metal interconnection process including the dual-damascene process in recent logic and memory device, the process steps and the cost can be considerably reduced.
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	Table Ⅰ. Characteristics of copper growth according to different conditions of palladium activation

	Activation temperature
	Post-treatment
	Characteristics of copper growth

	25℃
	no
	Uniformly deposited 

	25℃
	water rinse
	Almost not deposited

	50℃
	no
	Uniformly deposited 

	50℃
	water rinse
	Selectively filled up only in via holes


11. J. Torres, J.L. Mermet, R. Madar, G.M. Crean, T. Gessner, A. Bertz, W. Hasse, M. Plotner, F. Binder, and D. Save, Microelectron. Eng., 34, 119 (1996).
	TableⅠ. The chemistry for palladium activation solution in our experiment

	Components
	PdCl2
	HCl
	NH4OH
	HF

	Quantity (per liter)
	0.2g
	4.5ml
	40ml
	2ml
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FIG 4. The selective copper fill-up in via holes by electroless plating after palladium activation at 50℃ and water rinse.
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FIG 1. Deposited Copper film by electroless plating after palladium activation at room temperature without water rinse.
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FIG 2. Deposited Copper particles by electroless plating after palladium activation at room temperature followed by water rinse.
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FIG 3. Deposited Copper film by electroless plating after palladium activation at 50℃ and no rinsing.

