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Electroacoustic admittance measurements were performed on copper bath solutions containing additives that are used in the copper damascene process. Preliminary results have shown that an electroacoustic admittance parameter can be defined that varies with additive concentration. It is proposed that quartz resonators may be suitable sensors for monitoring copper bath additives. © 2004 The Electrochemical Society. 关DOI: 10.1149/1.1649699兴 All rights reserved. Manuscript submitted July 8, 2003; revised manuscript received September 26, 2003. Available electronically February 13, 2004.



The damascene electroplating process is largely used in microelectronic technology to realize high performance copper interconnects. However, the quality of the deposits in terms of superconformal deposition is not well controlled. To obtain void-free deposits, superconformal deposition, also called superfilling, is necessary. Superconformal deposition refers to the occurrence of more rapid electrodeposition at the bottom of the cavity than toward its entrance. Superfilling is only obtained in the presence of a certain combination of additives in the plating bath. Among those studies available in the literature, Josell et al.1,2 showed that baths with three additives in addition to the sulfatesulfuric acid deposition bath, could be used to achieve superfilling in submicrometer cavities. These were a polyether 共polyethylene glycol, PEG兲, chloride ions, and a thiol 共3-mercapto-1-propanesulfonate, MPSA兲. Several techniques have been used to examine the quality of these deposits in situ, for example, by using currentvoltage measurements3 or quartz crystal microbalance measurements.4,5 In complement, electroacoustic measurements performed on quartz resonators also appear as an attractive approach for studying film electrodeposition.6,7 Few techniques allow a satisfactory analysis of superfilling or changes in the bath composition. This work aims at defining a method to follow additive consumption and bath aging by a novel technique, electroacoustic admittance measurements performed on quartz crystal resonators. Industrial copper interconnect plating baths were used to deposit copper and a parameter characterizing the electroacoustic admittance was plotted as a function of additive concentration of the bath.



mental electrical impedance or its equivalent circuit is necessary in this case.10 In the immediate vicinity of the quartz crystal resonance, the electroacoustic behavior can be represented by a simple electrical circuit consisting of a motional arm incorporating three elements in series; a resistance, R, an inductance, L, and a capacitance, C, and a parallel static arm including a capacitance, C p . The theoretical BVD electrical admittance of the resonator, Y th (), can be expressed as



Quartz Crystal Microbalance Theory



Quartz resonators.—Electroacoustic measurements were performed with quartz resonators 关AT-cut planar quartz crystals, i.e., orientation of the quartz crystal where the frequency is insensitive to the temperature effect 共14 mm in diameter兲兴, with a 6 MHz nominal resonance frequency 共Temex-CQE, France兲. Two identical gold electrodes, 2500 Å thick and 5 mm in diameter, were deposited by evaporation techniques on both sides of the quartz crystal with a chromium underlayer. One gold electrode was in contact with the deposition bath and acted as a working electrode. The resonant part of the crystal was located in the common volume between both electrodes and in the deposit on the electrodes above this volume. The active mass sensitive electrodes had an area of 0.2 cm2 but the working electrode had an area of 0.3 cm2 . This difference was due to our quartz holder where the quartz resonator was mounted on a printed circuit board and was insulated with silicon glue.11,12



The quartz crystal microbalance is a useful tool for electrochemical applications dealing with thin films.8 Its simplicity of use is advantageous, but resonance frequency measurements alone do not permit easy separation of the mass contribution from other contributions coming from the mechanical properties of metallic thin film. However, electroacoustic analysis of a coated quartz resonator by measurement of the electrical admittance of the quartz resonator around its own resonance frequency allows the separation of the mass contribution to be partially solved using a BVD 共ButterworthVan Dyke兲 equivalent circuit 共Fig. 1兲.9 In the first step, an equivalent electrical circuit can represent the electroacoustic behavior of a quartz resonator loaded with a thin metallic layer. In air, this approach is commonly used for designing quartz crystal oscillators: the Barkhausen conditions allow the quartz oscillators to be adjusted and the knowledge of the experi-
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1 BVD Zm 共兲



关1兴



BVD where f is the resonator frequency and Z m () is the impedance from the motional arm. By considering the R, L, C components of the motional arm, Eq. 1 leads to BVD Y th 共  兲 ⫽ jC p ⫹



1 1 R ⫹ jL ⫹ jC



关2兴



Generally a fitting procedure allows the components of the equivalent circuit to be determined by comparison with the experimental admittance measurement. In our experiments only the motional resistance, R, is examined in relation to the copper electroplating process. Experimental



Copper electrodeposition.—The evolution of the motional resistance, R, of the copper deposit with respect to its thickness was examined by depositing copper from a proprietary industrial bath called VMS 共virgin makeup solution with sulfuric acid, chloride acid, and copper sulfate兲 containing two additives, additive B
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Figure 1. Equivalent circuit used to model electroacoustic admittance spectra. R represents the motional resistance.



共brightener and suppressor兲 and additive C 共leveler兲, which are added to change the morphology of the film. Successive deposits were performed at a current of 3 mA (10 mA cm⫺2 on the deposition area兲 for 120 s. The current was maintained constant by using a galvanostat 共Sotelem兲. Total deposited copper was calculated using Faraday’s law and was 5 m thick. Between each deposit, the quartz assembly was rinsed with distilled water and dried under argon to remove the adsorbed solution. Then, an electroacoustic admittance spectrum was acquired in air and modeled using the equivalent circuit to extract the motional resistance value R. The motional resistance, R, is linked to the damping of the quartz crystal resonance inside the active volume. The electroacoustic measurements were performed in air and not directly in the solution. The motional resistance R depends mainly on two parameters in our case: the mechanical properties and the roughness of the electrodeposited copper layer.13,14 As the latter effect is magnified when the device is in contact with a liquid and the purpose of the experiments were to demonstrate that the mechanical characteristics depends strongly on the composition bath, all the measurements were done in air. Electroacoustic measurements.—The experimental setup was based on a network analyzer 共HP 4194A兲 and was computercontrolled through homemade software using HP-VEE language. All the experimental electrical admittance measurements, Y exp(), were automatically performed with a 10 mV perturbation signal at 201 frequencies around the resonance frequency. A fitting proce-



Figure 3. Influence of B additive concentration in industrial solution on quartz motional resistance evolution with copper deposit thickness. C additive concentration is maintained at its nominal value. Industrial solution: VMS, 2 mL L⫺1 C, T ⫽ 20°C, and j ⫽ 10 mA cm⫺2.



dure allowed the components of the equivalent circuit 共Eq. 2兲 to be found. The experimental electrical admittance and the theoretical admittance were compared: the minimization of the function ) BVD 2 兺  (( 1201 ) 关 Y th () ⫺ Y exp()兴 gave the best set of R, L, C, and C p BVD parameters with a simplex algorithm where Y th () BVD ⫽ 1/Z th () was the theoretical admittance and Y exp() ⫽ 1/Z exp() the experimental one. Results and Discussion Influence of film thickness on electroacoustic measurements.—In the first step, the electroacoustic measurements were performed after each copper electrodeposition by measuring the electrical admittances, Y exp(), around the resonant frequency of the quartz resonator. The experiments were realized with the same quartz resonator but using a fresh bath for each deposit and keeping the additives at their nominal concentration. The spectra are presented as a Nyquist plot as shown in Fig. 2. An arrow indicates the increasing frequencies. The first measurement was done without copper deposit and a circular shape was obtained as the electroacoustic response. This corresponds to the expected diagram and, by using the theoretical approach given in the previous section, the diameter of the circle is inversely proportional to the motional resistance, R. For the first two copper deposit layers, an increase of the diameter was observed. This means that R is decreasing during these first steps. Then, at a greater copper thickness, the diameter decreased and the motional resistance increased. One explanation for this result may be a change of the stress inside the copper film, as suggested in the literature.15-17 To better characterize these diagrams, a fitting procedure was used to extract R values for the following experiments. The inductance, L 共the series resonant frequency兲, varies linearly over the time when the current is maintained constant. By using the Faraday law and the Sauerbrey equation, the efficiency of the electroplating is close to 100%.



Figure 2. Influence of the copper thickness over the electroacoustic spectra. Industrial solution: VMS, 10 mL L⫺1 B, 2 mL L⫺1 C, T ⫽ 20°C and j ⫽ 10 mA cm⫺2 .



Influence of additive concentration on quartz motional resistance.—The influence of the concentration of each additive on the evolution of the motional resistance was studied with copper deposit
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Figure 4. Influence of B concentration on e 0 value while 关C兴 is maintained at its nominal value.



the copper film thickness that is deposited. However this parameter alone is not sufficient to monitor the electroplating process. Thus, another parameter was defined, the copper thickness when the motional resistance reaches the same value observed without copper deposit. In these conditions, this parameter is strongly dependent on accelerator/suppressor concentration and appears to be a possible candidate for sensing additive changes in the bath. According to these first results, this method is not completely acceptable and certainly some points must be examined more carefully. The acoustic sensor response is not directly correlated to the by-products given by the electroplating process and responsible for the nonsuperfilling metallization. This is an indirect method which shows for the moment attractive potentialities as the low cost of the equipment compared with high performance liquid chromatography system. Some interferent parameters can affect the sensor response as the roughness or the recrystallization of the copper layer. To solve these problems, the roughness effect is canceled by performing measurements in air. The recrystallization effect was also tested and it was observed that this phenomenon was negligible if the measurements were done immediately after the copper deposit. More experiments are necessary to validate this method of characterization. CNRS assisted in meeting the publication costs of this article.



References thickness. Figure 3 shows the influence of additive B concentration on the change of the normalized motional resistance, (R e ⫺ R e ⫽ 0 )/R e ⫽ 0 , with respect to the copper deposit thickness, e Cu , while the other additive was kept at its nominal concentration. As seen on the graph, it is difficult to interpret the trend of the motional resistance as a function of additive concentration. To better quantify the influence of the additive on copper deposit motional resistance, a parameter, e 0 , was defined as the deposit thickness at which the quartz motional resistance equals the resistance obtained without deposit 共i.e., the intercept of the plot with the abscissa axis兲. Figure 4 represents the evolution of e 0 as a function of additive B concentration while the additive C concentration was kept at its nominal value. Figure 4 shows that e 0 increases with B concentration. Thus, it appears to indicate that an electroacoustic admittance measurement can detect additive B concentration in fresh industrial solution. There is no clear influence of C additive concentration on e 0 value in the studied range. Conclusion It has been shown in these experiments that electroacoustic measurements are sensitive to the composition of an industrial copper electroplating bath. The motional resistance changes according to



1. D. Josell, D. Wheeler, W. H. Huber, J. E. Bonevich, and T. P. Moffat, J. Electrochem. Soc., 148, C767 共2001兲. 2. T. P. Moffat, J. E. Bonevich, W. H. Huber, A. Stanishevsky, D. R. Kelly, G. R. Stafford, and D. Josell, J. Electrochem. Soc., 147, 4524 共2000兲. 3. D. Josell, B. Baker, C. Witt, D. Wheeler, and T. P. Moffat, J. Electrochem. Soc., 149, C637 共2002兲. 4. J. J. Kelly and A. C. West, J. Electrochem. Soc., 145, 3472 共1998兲. 5. D. M. Soares, S. Wasle, K. G. Weil, and K. Doblhofer, J. Electroanal. Chem., 532, 353 共2002兲. 6. A. Bund and G. Schwitzgebel, Electrochim. Acta, 45, 3703 共2000兲. 7. B. Gollas, P. N. Bartlett, and G. Denuault, Anal. Chem., 72, 349 共2000兲. 8. C. Gabrielli, P. P. Grand, A. Lasia, and H. Perrot, Electrochim. Acta, 47, 2199 共2002兲. 9. J. F. Rosenbaum, Bulk Acoustic Wave Theory and Devices, Artech, Boston, MA 共1988兲. 10. B. Parzen, Design of Crystal and Other Harmonic Oscillators, John Wiley & Sons, New York 共1983兲. 11. K. Bizet, C. Gabrielli, and H. Perrot, Analusis, 27, 609 共1999兲. 12. C. Arkam, V. Bouet, C. Gabrielli, G. Maurin, and H. Perrot, J. Electrochem. Soc., 141, 103 共1994兲. 13. M. Wu¨nsche, H. Meyer, R. Schumacher, S. Wasle, and K. Doblhofer, Z. Phys. Chem. (Munich), 208, 225 共1999兲. 14. L. Daikhin, E. Gileadi, G. Katz, V. Tsionski, M. Urbakh, and D. Zagidulin, Anal. Chem., 74, 554 共2002兲. 15. S. Riedel, J. Ro¨ber, S. E. Schulz, and T. Gebner, Microelectron. Eng., 37Õ38, 151 共1997兲. 16. P. Gudmundson and A. Wikstro¨m, Microelectron. Eng., 60, 17 共2002兲. 17. T. Hara and K. Sakata, Electrochem. Solid-State Lett., 4, G77 共2001兲.



























des documents recommandant













A summary of 14 research results obtained on the ... - Cura 

Jan 2, 2018 - Sakoian and Acker, in their Astrologer's Handbook, regard as advantageous for journalists. ... After the Gauguelins' time, the increased computing power has also made ... In the study of prognosis methods [6], transits and solar arcs (w










 








Streaming potential measurements on stainless steels surfaces 

Nov 27, 2003 - as bulk oxides [3], polymers [4] and glasses [5]. Some measurements have been made .... PMMA cell. A PTFE gasket (100 lm thick) placed on ...










 








Low-frequency noise measurements on submicrometre n 

tuations result in Â¯ uctuations of the surface potential, which in turn modulate the ... active oxide trap in the vicinity of the quasi-Fermi level over the entire channel ...










 








Some Measurements on E4000 and R820 Tuners 

a "no name" dongle marked "DVB-T+DAB+FM ", containing an R820T tuner .... 4 E4000: Overload at 145MHz/-63dBm: a multitude of "phantom signals" pop up.










 








Velocity measurements based on shadowgraph-like image 

Mar 28, 2013 - liquid phase, including scrambled grey-level structures connected to turbulence. ... correlation algorithm can be used to extract partial velocity information without seeding ..... ciated to pressure or/and temperature variations.










 








THE EFFECT OF AGEING ON PASSIVE FILMS FORMED ON 

Wet annealing results in a better corrosion resistance to acid, but a poorer resistance to pits initiation in neutral chloride solutions, with respect to dry annealing.










 








Photometric Measurements 

All LEDs on x y. 1936 lm. 0.272. 0.189. Red x y. 481 lm. 0.687. 0.306. Green x y. 624 lm. 0.120. 0.635. Blue x y. 119 lm. 0.156. 0.025. White x y. 841 lm. 0.308.










 








composition of artemisia annua essential oil obtained 

Keywords: Artemisia annua, essential oil, Gc/MS ... used in infusion as poison antidote and for its abortive qualities indicated ... niSt05 chromatographic library.Missing:










 








diode measurements electronic measurements dbid tgyo 












 








A Strategy for Performing Rapid pKa Measurements on 

The ionized form of a drug generally is more water soluble, while the neutral form is ... to assess the solubility limits for performing aqueous CE pKa analysis.










 








Photometric measurements 

x y. 326 lm. 0.252. 0.225. Red x y. 49 lm. 0.691. 0.301. Green x y. 136 lm. 0.156. 0.703. Blue x y. 22 lm. 0.156. 0.032. White x y. 144 lm. 0.316. 0.335. UV. IR.










 








measurements - millimeterwave 

ESAT-Telemic lab, where measuring equipment up to 50 GHz is available. Measurements were done on a ... A second-hand gold-plated adapter. Conclusion: a ...










 








5 films 

InsÃ©parables et complices depuis l'enfance, Lukas,. Syvert et Torgeir, sont trois jeunes danseurs qui partagent le mÃªme rÃªve : intÃ©grer l'AcadÃ©mie de ballet d'Oslo. Mais les places sont chÃ¨res et les opportunitÃ©s rares. AcharnÃ©s Ã  rÃ©ussir, 










 








Impact of coherent eddies on airborne measurements of vertical 

took place in Niger in the transitional period between the wet and dry seasons, two .... and Directionality of the Earths Reflectances (POLDER) data analysis ...










 








Arithmetic with Measurements on Dynamically Typed Object Oriented 

Oct 16, 2005 - The variable. â€œinitialCapitalâ€� references to an object representing â€œ100 ..... characteristic still restricted in languages like Java or C#. 5.3 Related ...










 








Arithmetic with Measurements on Dynamically Typed Object Oriented 

Oct 16, 2005 - Our model relieves the programmer from the arduous ... INTRODUCTION ... creates for the programmer; the fact that it is the system and not.










 








effect of nonpolar group on electro optics measurements dbid 1jho 












 








JCOMM Technical Workshop on Wave Measurements ... - Boram LEE 

particularly directional spectra. More spectral, better 2-D, data needed, encourage ..... performance of wave measurement systems given the wide spectrum of ...










 








The influence of microphone vents on measurements of acoustic 

The pressure equalization vents of conventional microphones introduce bias errors in .... the pressure measured by a microphone in the lower part of ...... 17 J.-C. Pascal, ''Pratical measurement of radiation efficiency using the two microphone ...










 








documents/Fairing measurements 4 












 








Photometric Measurements - Cameolight 

Illuminance (full on) [lux]. Beam width (1/2 peak) [cm]. Beam width (1/10 peak) [cm]. Beam angle. (1/2 peak): 17,9°. Field angle. (1/10 peak): 29,6°. Distance (m).










 








Transparent polycrystalline alumina obtained by SPS ... - Biblioscience 

Mar 18, 2012 - the first one because of a higher shear stress (Ï„H = 3.48 Pa), was also slip ... measurements were performed and compared to the theoretical.










 








5 films 

Alpes-de-Haute-Provence. Alpes-Maritimes. MANOSQUE. ST-TROPEZ. ST-MAXIMIN. GORGES DU VERDON. ILE DU LEVANT. ILE DE PORT CROS. ILE DE PORQUEROLLES ... Lac de Sainte-Croix 20 km, Saint-Tropez 50 km. TARIFS. 1 film 6 â‚¬ ... L'histoire vraie d'Afshin Gh










 








V Cable Measurements 

Tests originally performed by Ben Duncan Research in UK. These measurements show that the quality of the SUPRA. Cables is on level with a Military spec.










 














×
Report Electroacoustic Measurements on Electrodeposited Films Obtained





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



