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NANOTRANSFER METHOD OF PZT FILM ONTO THE POLYMER SUBSTRATE

High dielectric capacitor, that has around 1000 in dielectric constant, can be successfully formed by nanotransfer on non-heat-resisting substrates. PZT film could be released from the Si substrate and bonded onto the polymer one.

The releasing characteristics have the relationships with the thickness of Pt layer. The formed PZT has perovskite structure and clear columnar texture.

INTRODUCTION

Embedded substrate will be a fundamental component in the coming ubiquitous society. Since there is a great demand for the mobile electronics toward downsizing while increasing performance, it is necessary to establish a new packaging technology for such request. Many kinds of electronic components are mounted onto the present substrate of mobile phone, including MPU, LSI, condenser, resistance, and inductance. The average number of such components is over 100 that is equal to the half of the all surface of the substrate.

It is necessary to develop a new technology, called as an embedded substrate, that passive elements are mounted not onto the surface but into the interlayer of the substrate. This embedded substrate will play an essential part in the system-in-packaging (SiP) technology, which will contribute the high performance and reliability in addition to the trend of small, thin and light. Among such passive components, the low-dielectric type of condenser or tip-embedded type has been mainly used because of the difficulty of the high temperature process over 600°C. Until now there were some reports [START_REF] Kakimoto | Polymerceramic nanocomposites based on new concepts for embedded capacitor[END_REF][2] using composite, filler, particle. But the dielectric constant is under 100. But high-dielectric type one over 1000 will be necessary for the low frequency filter and decoupling condenser. The electrostatic capacitance is determined by the surface area and the dielectric constant. However the surface area is always requested to be more smaller than it was, so the dielectric constant is actually the only candidate to be improved. And its fabrication technology has not been established until now.

Piezoelectric film has been developed on Si substrate [START_REF] Wamg | Preparation of lead zirconate titanate thin films derived by hybrid processing : Sol-gel and laser ablation[END_REF][4] [START_REF] Ichiki | Photovoltaic effect of lead lanthanum zirconate titanate in a layered film structure design[END_REF] in application for micro-electromechanical systems (MEMS) [START_REF] Zhang | Pulsed Laser Deposited Lead Zirconate Titanate Thin Films for Micro Actuators[END_REF][7] [START_REF] Kobayashi | Fabrication and Performance of Flat Piezoelectric Cantilever using Sol-Gel Derived PZT Thick film deposited on SOI wafer[END_REF]. High-dielectric film has been prepared as one of the process procedure of MEMS fabrications.

Therefore we will propose the fabrication process of the high-dielectric capacitor formed onto the polymer substrate using nanotransfer method in this article. In next section 2 we will explain the detail experimental procedure. In 3 the experimental and discussions including future prospective will be shown. The last section is for the summary of this article.

EXPERIMENTAL PROCEDURE

Figure 1 shows the schematic structure of a capacitor fabricated by nanotransfer. Figure 2 outlines the flow of the fabrication process used in this study. The PZT capacitor film is formed by metalo-organic decomposition (MOD) onto a Si-substrate with a Pt lower electrode. Epoxy resin is used as a bonding layer in this case. The raw solution of PZT was a commercially available MOD solution. A 52/48 composition of PZT was used, and the excess Pb ratio was 20% with respect to its quantitative chemical composition. The content of the PZT solution was 20wt%. The liquid precursor solution was dipped onto the substrate and rotated with a spin coater. Heat treatment was performed in a rapid thermal annealing (RTA) furnace as follows: drying at 120°C for 2 min, followed by the formation of the precursor at 250°C for 5 min, and finally, the crystallization at 600°C for 2 min. This is almost the same as the procedure used in the sol-gel method [START_REF] Wang | Preparation and Characterization of Lead Zirconate Titanate Thin Films Derived by Hybrid Processing: Sol-Gel Method and Pulsed Laser Deposition[END_REF]. These steps were repeated 10 times to form the PZT film. Fig. 2 The fabrication process flow of this study.
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Standard methods were used to estimate the characteristics: scanning electron microscopy (SEM), X-ray diffraction (XRD), and measurements of the dielectric constant.

RESULTS AND DISCUSSIONS

Figure 3 shows the X-ray diffraction profile of the formed capacitor. This profile is a typical Perovskite structure with random orientation. The main characteristics of the formed capacitor are given in Table I. The dielectric constant is around 1000, which is more than 10 times higher than that obtained by conventional techniques. Figure 4 is an SEM image of the formed capacitor film of PZT. The columnar texture can be observed in this image of the highquality crystalline film [3][4]. The thickness of the formed film is about 1µm. So the each crystallized thickness is calculated to be about 200nm that is almost equal to that of previous report. The transferred film onto the polymer substrate is shown in Fig. 5. The substrate is polyimide and its film thickness is 120µm. Fig. 3 The random orientation of the film is derived from the non-seed layer of Ti. The possibility of highlyoriented structure of this study is in progress. Table .2 shows the releasing characteristics of this study. As thicker the thickness of Pt layer become, more layers could be released from the SiO 2 /Si substrate. This is due to the penetration of MOD precursor solution through the Pt electrode film. Since penetrated MOD solution played an adhesive layer between Pt layer and SiO 2 , it was difficult for this structure to release. The thicker Pt layer is good in viewpoint of the releasing process.

Thicker capacitor film and thinner lower electrode has a sticky character each other. This is because the MOD solution is penetrated through the lower electrode and bonded between capacitor film and lower electrode in heat treatment of crystallization. Thicker electrode has a good releasing character even in case of over 1 µm capacitor film. Therefore it is necessary to justify the film thickness of both capacitor and electrode.

Similar techniques including laser releasing were reported [START_REF] Xu | Characteristics of lead[END_REF] . But this proposed process consists of only traditional method. Crystallization using microwave irradiation [14][15][16] could be one of the useful techniques. But this study is still within the laboratory trial and technical problems could not be overcome yet. Nanotransfer consists of release and bonding processes, which we performed manually in our study. Replacing these manual processes with nanoimprinting [10][11][12] technology will enable us to obtain quantitative data. This method, that is shown in Fig. 6 schematically, is good for the massproduction-manufacturing. The comparison of advantages will need more detail inspection in viewpoint of manufacturing of devices. Such composite,filler [START_REF] Kakimoto | Polymerceramic nanocomposites based on new concepts for embedded capacitor[END_REF] [START_REF] Imanaka | Embedded technology of high frequency filter using aerosol deposition techniques[END_REF] Laser transfer [START_REF] Xu | Characteristics of lead[END_REF] Transfer(this study) 

SUMMARY

Our study shows that it is possible to fabricate capacitor film with a 1000 dielectric constant onto a polymer substrate. Introducing the nanotransfer method into embedded substrate manufacturing can improve the device performance over 10 times. This means that nanotransfer has great promise for becoming a breakthrough technology in the fabrication of embedded substrates.
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 1 Fig.1 Schematic structure of the capacitor structure fabricated by the nanotransfer method.
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 5 Fig.5 Images of transferred capacitors.
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 6 Fig.6 Nanoimprint process for embedded capacitor.

  X-ray diffraction of the formed capacitor film of PZT.Tab.I Characteristics of the formed capacitor film.
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	SiO 2	Released								
	capacitor	point								
	electrode									
	bonding									
	Polymer substrate								
	releasing									
		Intensity (arb. unit) Intensity (arb. unit)	500 1000 500 1000	PZT/Pt/SiO 2 /Si PZT/Pt/SiO 2 /Si			Random perovskite Random perovskite
			0 0							
	Si substrate Si substrate			20 20	25 25	30 30	35 35	40 40	45 45	50 50	55 55	60 60
							Diffraction angle 2θ Diffraction angle 2θ	
	SiO 2 /Si (heat treatment) SiO 2 /Si (heat treatment)									
	Pt/SiO 2 /Si (sputtered) Pt/SiO 2 /Si (sputtered)									
	PZT/Pt/SiO 2 /Si (MOD) PZT/Pt/SiO 2 /Si (MOD)									
	PZT (releaseed from substrate) PZT (releaseed from substrate)	Capacitor film Film formation		PZT(52/48) MOD method
	PZT/polmyer substrate (transferred) PZT/polmyer substrate (transferred)	Heat treatment Film thickness			RTA annealing 1 µm
								(Repetition:10 times)
		Dielectric constant 950		
		Crystal structure		Perovskite	
								(single phase)
				Fig.4 SEM image of the formed film.
				The enlarged ratio is 10000 times larger
			than it is. The acceleration voltage is 5 V.
									Pt Pt
									PZT PZT	
									Pt Pt	Transferred layer Transferred layer
											(capacitor) (capacitor)
					1µm 1µm			Epoxy layer Epoxy layer
								(substrate) (substrate)	
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Table 2

 2 Comparison of the similar technology and this study.
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	Dielectric constant	<100	No report	~1000
	Materials	filler, dielectrics, solvent	Dielectrics, paste	dielectrics, inorganic
				materials
	Cost	Low	Middle	Low
	Yield rate	30%	10%	50%
	Applications	Existent	MEMS components	Embedded substrate
				(high density
				capacitor)
	Target volume	Area > 1mm×1mm	Area >1mm×1mm	Area > 0.1mm×0.1mm
		Thickness > 100µm	Thickness > 50µm	Thickness > 10µm
	additional heat treatment	~200°C	RT	RT
			(crystallized over	(crystallized at 600°C )
			1000°C )	
	Characterization	Difficulty of management	Instability of dielectrtic	High quality of perovskite
	of thickness. Instablility of	constant.	structure. Necessity of
		dielectrics.		laser repair.
	Stability of dielectric	humidity from the solvent		
	layer.			
	©EDA Publishing/DTIP 2007			ISBN: 978-2-35500-000-3

©EDA Publishing/DTIP 2007 ISBN: 978-2-35500-000-3

The authors express their thanks to Ms. K. Tanaka and Ms.H.Furue (AIST) for the sample preparation and XRD observation, Mr.T.Noguchi (AIST) for the micro fabrication including sputtering and Mr.I.Terada (AIST) for mechanical treatment including dicing of Si wafers, and Mr.Y.Koda (Fuji Chimera Research Institute, Inc.) for his suggestions on this work. We are also grateful to Dr.S.Sasaki and Dr.H.Mitome (AIST) for their encouragement during this study. This study was partially supported by Industrial Technology Research Grant in 2006 From New Energy and Industrial Technology Development Organization (NEDO) of Japan.

M. Ichiki