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A series of lanthanum doped barium titanate, of formula Ba 1 .,La,. TI 1 .x1 4 0 3 (0:,; x s 0.138), were prepared an d characterized. A soft chemistry technique, the coprecipitation method, was used to synthesize the powders. Fin;t, the oxalate precursors were obtained, starting from an aqueous solution containing TIO 3 , BaO 2 .2H 2 0 and LaO 3 .7H 2 0, coprecipitated with an alcoholic solution of oxalic acid. After calcination at 850 °C, the oxide powders of composition Ba 1 .,La,. TI 1 .x1 4 O 3 were obtained. The oxide powders crystallize in the cubic perovskite phase. SEM-FEG micrographs show that the powders are highly agglomerated. The size of the microcrystallites was estimated to 30 n m . Ceramics have been prepared by conventional sintering treatment (10 or 20 h at l250 °C or 1275 °C). The ceramics are well densified without any abnormal grain growth. The Curie temperature (T e l decreases linearly as the lanthanum content increases and, at the same time, an increase in the relative permittivity (E,) maximum at Tc occurs and reaches 10 000 in the most favourable case. This optimal composition is retained for possible applications.

. Introduction:

Barium titanate perovskite (BaTiO 3 ) is a ferroelectric and piezoelectric material that shows high dielectric perrnittivity and high resistivity. These characteristics allow such appli cations as multilayer capacitors (MLC) or positive tempera ture coefficient thermistors (PIC) ... [START_REF] Huybrechts | The positive temperature coefficient of resistivity in barium titanate[END_REF][START_REF] Choi | Characteristics of BaTiO 3 Particles prepared by spray coprecipitation method using titanium acylate based precursors[END_REF][START_REF] Hu | Homogeneous ( co )precipitation of inorganic salts for synthesis of monodispersed barium titanate particles[END_REF]. When pure, BaTiO 3 is highly resistive at room temperature, but its elec trical resistivity can be lowered by some dopants, like rare earth elements. Doping ofBaTiOrbased ceramics is of great importance in the fabrication of electric and electronic de vices. Owing to the intrinsic capability of the perovskite structure to host ions of different sizes, a large number of various dopants can be accommodated in the BaTiO 3 lattice. However, the effect of the specific impurity on the electrical properties depends on the substitution site (a trivalent ion be haves as an acceptor when substitution occurs at the Ti site or as a donor when it substitutes at the Ba site) as well as on the nature of the defect/electronic charge compensating de fect. For commercial applications of BaTiO 3 , it is necessary to shift the ferroelectric Curie temperature, Tc, towards room temperature and at the same time to broaden the maximum of permittivity, e' m a x , so that a higher permittivity can be obtained over a wider range of temperature. This effect is usually obtained by double-doping, in which for example some of the Ba is replaced by Ca and at the same time, some of the Ti is replaced by Zr. Such double-doped materials have been used for many years as capacitor materials.

Aliovalent, A-site dopants such as La 3+ are known to in duce n-type semiconductivity in BaTiO 3 when added at rel atively low concentration [ 4-7). The origin of the electrical properties of the so-called donor-doped BaTiO 3 continues to be a matter of controversy. Jonker et al. [4] have established that with increasing donor content, i.e. partially replacing Ba by a trivalent rare-earth ion, the room temperature resistivity goes through a deep minimum.

West et al. [8-1 O

] recently reported that La-doped BaTiO 3 retains its insulating character when processed so as to avoid oxygen Joss and that Tc and E' max values depend upon La content. They showed that pure BaTiO 3 cerarnics are insu lating for ~ 0 3 at. % substitution of Ba by La in ceramics fired at temperatures higher than 1350 °C. In this material, the resistivity passes through a minimum value of~ 10 Q.cm and then increases again to insulating levels with further sub stitution of La. This behaviour is further complicated by loss of oxygen in ceramics heated above l 300 °C and subsequent partial reoxidation on cooling in air [4,[START_REF] Saburi | Properties of semi-conductive barium titanate[END_REF]. Thus, the electrical microstructure of ceramics strongly depends on the sintering and post sintering conditions. For instance, it is possible to prepare materials presenting semi-conducting grain cores with insulating grain boundaries [6].

Most of the La-doped BaTiO 3 sarnples reported in the lit erature have been obtained by solid/solid reactions. Only Costa and Mantas [ 11] used the oxalate method to produce the sole composition B"<:)_ 997 Lao_ 00 3 Ti 1 , 0045 0 3 . Their pow ders had small grain size and were disaggregated. However, the sintering process was difficult to optimize in this material due to the presence of large pores uniformly distributed in the matrix and the resulting grain size was not uniform. They showed also that the transition temperature decreases from 120 °C to l 15 °C. Recently, Beltran et al. [12] synthesized pure and La doped-BaTiO 3 by the sol-gel route with x = 0, 0.003, 0.03 and 0.10.

The purpose of this paper is to present new results con ceming the elaboration of La-doped BaTiO 3 powders using a very simple way, the coprecipitation method i.e. an alter native route to the solid/solid one allowing a better control and a sharp distribution of the grains size. The physicochem ical and the electrical properties of the sintered ceramics are then described. The properties of the materials presented here are at least equal or higher to the ones previously re ported.

Experimental

Sample preparation

The La-doped BaTiO 3 powder was synthesized by the oxalate method followed by a calcination treatment. Sarnples of composition Ba 1 .xLaxTi J .x/ 4 O 3 were prepared with dif ferent x values (0, 0.026, 0.036, 0.048, 0.58, 0.090, and 0.138). The starting materials were BaC1 2 .2H 2 O (Prolabo), TI Cl 3 (Prolabo,d = 1.20, % min= 15) and LaCl 3 .7H 2 O (Pro labo, 99%). They were dissolved in water in various propor tions and the coprecipitation was performed by addition of a solution of oxalic acid dissolved in ethanol. TICI 3 was cho sen because it was easier to handle than TICJ 4 . The full ox idation of Ti 3+ in 1i 4+ in the solution was ensured by air bubbling during the reaction which was evidenced by the Sketch of the co precipitarion method color variation from brown to yellowish. The volume of wa ter was taken much lower than the one of ethanol, in order to decrease the dielectric permittivity of the precipitation me dia. Since the nucleation of the particles is favoured com pared to their growth, smaller particles, homogeneous in size and composition, are likely to be obtained [START_REF] Villette | Sur l'.élaporation par chimie douce de ferrites de cuivre A forts champs coercitifs[END_REF]. The solution was aged for a couple of hours, and the obtained precipitate was centrifuged. The precursors were then pyrolized in air at 850 °C for 4 h to obtain the oxides. The sketch of the re action is given in figure 1. These powders were then mixed with an organic binder, then uniaxially pressed into disk (di arneter: 6mm and thickness: 2 mm) under 250 MPa pressure. The sintering temperature and the dwell limes have been op timized in order to get a high densification value and at the sarne time to avoid the formation of large grains. Hence green cerarnics were sintered in static air at l 250 °C for 10 and 20 h or at 1275 °C for 10 h.

Characterization

The chemical composition of the oxide powder was de termined accurately by induced coupled plasma spectrosco PY (ICP AES Thermo-Optec ARL 3580). Electron microscopy JEOL JSM 6700F SEM-FEG and scanning elec tron transmission JEOL 2010 were used to observe the oxide powder morphology. The specific surface area was deter mined thanks to a Micrometrics accusorb 2100 E.

The structure was determined by X-ray diffraction analy sis: a SEIFERT XRD-3003-TT diffractometer using the Cu Ku radiation (À.= 0.15418 nm) allowed to collect the data.

For electrical measurements, silver electrodes were screenprinted on the opposite surfaces of the pellets and heat treated at 700 °C for 30 min. The complex effective permit tivity € * was measured thanks to a Hewlett Packard HP 4284A precision LCR meter for frequency ranging between I 00 Hz to l MHz and for temperature between -150 to l 40 °C. The voltage magnitude was I V. The chemical composition, the structure and the specific surface area of the different powders prepared by pyrolysis of oxalate precursors at 850 °C for 4 h are reported in Table 1. The X-ray diffraction patterns of "undoped" Ba1iO 3 and La-doped-Ba1iO 3 are given in Fig. 2 (a andb). If undoped BaTiO 3 prepared by coprecipitation crystallises in the te-tragonal form, the cubic phase is observed when the powders are doped with La 3+ (x è!: 0. 026). The lattice parameters of the different powders were cal culated using the Rietveld method (Table 2). Changes in the lattice parameters at room temperature as a function of x are shown in Fig. 3 . For0 s x s 0. 026, a decrease in tetragonality is observed when increasing x up to 0. 026. The structure of B3cJ.97Lllo.026TJ o.99 3 O 3 is cubic with a= 4. 0037 (4)À. still increasing x (x > 0. 026) the cubic symmetry is retained, and the lattice parameter decreases down to a = 3 . 994 l A for ~ x = 0. 090. For x è!: 0. 090, increasing La content has little ef fect on the unit cell which remains cubic and, for x = 0. 13 8, a = 3 . 9940 A. The same tendency, even if they didn 't follow the same route, has been obtained by West et al. [START_REF] Morrison | Electrical and structural characteristics of lanthanumdoped barium titanate ceramics[END_REF], and can be explained by a cation size effect. The smaller La 3+ cation stabilizes the cubic form as predicted by Gold schmidt's tolerance factor for undistorted and distorted per ovskites [ 15 ]. The reasons why the unit cell parameter, a (and hence unit cell volume) should appear to reach a lower limit of a -3 .995 À with increasing x are still unclear. The li mit may signify the highest possible packing density for a (Ba,La)TiO 3 cubic close packed lattice [ 16 J. Measurements of the specific surface area show that the particle size de creases when increasing the amount of lanthanum (Table 1). It is well known that the addition of donor dopants above the critical concentration (0 2-0 5 al % ) which corresponds 10 the semi conductor 10 insula1ion transition, greatly inhibits grain growth [START_REF] Chan | Compensating defects in highly donor-doped BaTiOJ °[END_REF](18)[START_REF] Xue | The infl uence of ionic radii on the incorporation of trivalent dopants into BaTiO 3[END_REF][START_REF] Belous | Microstructure and semiconducting properties of Barium titanate containing heterovalent substituents on titanium site[END_REF][START_REF] Bussem | Effects of grain growth on the distri bution of BaTiO 3[END_REF][START_REF] Kurata | Semiconducting-lnsulating Transition for highly-Donor Doped Barium titanate ceramics[END_REF]. The variation of the specifi c surface area as a function of x is shown in Fig. 4. A quasi-linear evolution is observed up to x = 0.090. SEM-FEG observations of calcined powders (Fig. 5) con finn that the La doped-BaTiO 3 powders have smaller particle size (< 100 nm) than the undoped ones. For undoped barium titanate (Fig. Sa), the particle size is -250 nm. When doped, the powders become highly agglomerated and partial sinter ing has occurred. TEM observations (Fig. 6) on doped BaTiO 3 powders (x = 0.138) showed the agglomerated state of the powders. 

Ceramics

The sintering treatment has been performed in air at 1250 °C for lOh and 20h or at 1275 °C for 10 h. The densities of the sintered ceramics are shown in Table 3. In ail cases, the oeramic's densification is over 89%. An extension of the dwell time of sintering from lO to 20 h increases the density whereas increasing the sintering temperature from 1250 to 1275 °C seems to lead to the opposite effect.

The structure of the ceramics is similar to the one of the oxides of same composition. Tetragonal perovskite was an alysed by X-ray diffraction for undoped BaTiO 3 ceramics and cubic perovskite was identified for La-doped-BaTiO3.

The average grain size determined from SEM images is 1 µm for pure BaTiO 3 ceramics. Fig. 7 shows the microstructure of various ceramics con taining different arnounts of La 3+ and sintered at l 250 °C for 20 hours. The compositions comprised between 0 sx sû.058 of a -3.995 A with increasing x are still unclear. The limit may signify the highest possible packing density for a (Ba,La)TIO 3 cubic close packed lattice [START_REF] Buscaglia | Influence of foreign ions on the crystal structure of BaTiO 3[END_REF] . Measurements of the specific surface area show that the particle size de creases when increasing the amount of lanthanum (Table I ). It is well known that the addition of donor dopants above the critical concentration (0.2-0.5 at %) which corresponds to the semi conductor to insulation transition, greatly inhibits grain growth [START_REF] Chan | Compensating defects in highly donor-doped BaTiOJ °[END_REF][18][START_REF] Xue | The infl uence of ionic radii on the incorporation of trivalent dopants into BaTiO 3[END_REF][START_REF] Belous | Microstructure and semiconducting properties of Barium titanate containing heterovalent substituents on titanium site[END_REF][START_REF] Bussem | Effects of grain growth on the distri bution of BaTiO 3[END_REF][START_REF] Kurata | Semiconducting-lnsulating Transition for highly-Donor Doped Barium titanate ceramics[END_REF] . The variation of the specific surface area as a function of x is shown in Fig. 4. A quasi-linear evolution is observed up to x = 0 .090. SEM-FEG observations of calcined powders (Fig. 5) con finn that the La doped-BaTIO 3 powders have smaller particle size (< 100 run) than the undoped ones. For undoped barium titanate (Fig. Sa), the particle size is -250 nm. When doped, the powders become highly agglomerated and partial sinter ing has occurred. TEM observations (Fig. 6) on doped BaTiO 3 powders ( x = 0.138) showed the agglomerated state of the powders. 

Ceramics

The sintering treatment has been perfonned in air at 1250 °C for !Oh and 20h or at 1275 °C for 10 h. The densities of the sintered ceramics are shown in Table 3. In ail cases, the ceramic's densifi cation is over 89%. An extension of the dwell time of sintering from 10 to 20 h increases the density whereas increasing the sintering temperature from 1250 to 1275 °C seems to lead to the opposite effect.

The structure of the ceramics is similar to the one of the oxides of same composition. Tetragonal perovskite was an alysed by X-ray diffraction for undoped BaliO3 ceramics and cubic perovskite was identifi ed for La-doped-BaliO3.

The average grain size detennined from SEM images is 1 µm for pure BaliO3 ceramics. Fig. 7 shows the microstructure of various ceramics con taining different amounts of La 3+ and sintered at l 250 °C for 20 hours. The compositions comprised between 0 :sx :SÜ.058 

Electrical properties

A summary of the changes in the relative permittivity, meas ured at l kHz, venms the temperature (-l20 °C :s; T :s; 160 °C), is given in Fig. 8 for La--Ooped-Ba1iû:3 ceramics sintered at l250 °C/20h. The permittivity behaviour of La-doped composi tions, results in an initial increase of the values of E r , followed by a broadening and a decrease of Er, It is important to note that the values of the reaI part of the permittivity are at least one third of the values obtained following the solid/solid route. On the other hand, the los.ses remain lower than l % whatever the samples (this information being rarely given in the bibliography). Such results may appear surprising since it is often con sidered that decreasing the grain size (at least down to 0.8 µm) leads to an increase of the permittivity. As mentioned before, the grains sizes obtained in the ceramics under study are low er than the ones obtained following other routes. Therefore, we may consider that the main driving phenomena able to explain this behaviour would probably not be the same.

The undoped barium titanate ceramics present a classic behaviour with a Curie temperature, Tc -l20 °C, and a shal low maximum at a temperature T oit ~ 25 °C associated with the orthorhombicltetragonal (oit) transition. When doping with La, the Er -temperature profiles for compositions 0 s x s 0.058 retained the essentiaJ signature ofundoped BaTiO 3 , but were displaced to lower temperatures with increasing x. Er, reached a maximum of 10000 at I kHz for x = 0.058. Moreover, for this value, Er associated with the oit transition was barely discernible as a shoulder on the low temperature side of the curve. For x > 0.058, Er, decreased and became increasingly broad with increasing x. The T oit temperature aJso decreased with increasing x, but in a Jess dramatic rate than Tc. For x:.:: 0.09, it was not possible to detect the Curie temperature anymore. 

Variation of Tc and T011 as afunction ofxfor doped bariunt titanate

Changes in Tc and To it as a function of x (Fig. 9) indicate a rapid decrease in both phase transition when x increases. Tc decreased approximately linearly at a rate of ~ 22 °C per at. % La 3+ substitution which is in good agreement to the 21 °C per at.% obtained in the case of Ce 3+ [23,24]. The La doping aJso has the greatest reported effect on T o1t , even if it decreased Jess rapidly.

In summary, La-doping "pinches" Tc and T oit together in a similar manner as Zr doping [26]. The main difference is that La-doping decreases both Tc and Toi t • whereas Zr doping decreases Tc and T 01t until they coaJesce. In the present case the phase transition temperatures coaJesce for a dopant con centration of~ 9 at. % La since for this vaJue, the phase tran sition temperatures are no more detectable. The temperature at which Tc and T 011 coaJesce is --130 °C.

The impact of the dwell time has been studied. Fig. lO shows the variation of Er for ceramics (x = 0.058) sintered at l 250 °C for lO and 20 hours. The permittivity vaJues present a slight increase which may be explained by an in crease of the density when increasing the dwell time of sin tering (see Table 3). In order to identify the most Iikelihood phenomena able to explain the observed behaviour, impedance spectroscopy is used. This method is aJI the more interesting since it allows giving a simple and accurate representation of the material behaviour. Hence, the measured complex permittivity (Er): may be transformed in complex impedance Z* using: Z*(w)= 1/ jOJCoE*(w) = Z'+ j Z" Where w is the angular frequency, Co the geometrical ca pacitance (=foA/t, with A the electrode surface and t the ma terial thickness). It is sometimes interesting to plot Z" vs Z', Cole-Cole plot, or Z" ( t) T= c te (or Z" (T) f= c te ), "De bye like" plots.

In this last case the behaviour may be depicted by: 'Z:' = (V (Cw (!+ (tgô) 2 )

Where tgô represents the dielectric losses defined as tgÔ= i::"IE'= 1/RCw in the parallel RC mode!. It is interesting to note that when Wmax,:: = 2nfmax ,:: = WmaxR.C = 1, the value The results for the samples with x= 0.058 are presented in Fig. 11 and 12. For a measuring temperature of 250 °C, two semicircles are observed in the Cole -Cole plot. The impedance of the equivalent electrical circuit may therefore be written as:

R1 Rz Z ( w) -l + jw-c 1 + 1 + jw. 2
The high frequency semicircle is ascribed to the material grain bulk whereas the low frequency semicircle corresponds to the response of the grain boundary. In Cole-Cole plots, it is also interesting to calculate the two angles 81 and 82 by which semicircles are depressed below the real axis. These angles are related to the width of the relaxation time distri bution.

The calculated values of the O angles are very small: 81 =0.034 rad and 82 = 0.0495 rad respectively for the bulk and for the grain boundary. Narrow distribution function of time relaxations are therefore observed confirrning the homoge neity of the ceramics structure as already observed by SEM. Since, the mean relaxation time Tm is equal to l .0467x 10-5 s for the bulk and of 3.8007 X w-3 s for the grain boundary it is easy from the maximum value of Z" in the Z"(T) plot (Fig. 14) to deterrnine the value of R. Knowing 'tm and R, the electrical characteristics of each elementary cell may then be deterrnined. They are equal to:

-271.17 kQ (for R 1 ) and 38.6 pF (for Cj)(bulk) -3.13 MQ (for R 2 ) et 1.23 nF (for C 2 ) (grain boundary) These values are different to the ones reported up to now. Hence the value� of R and C deterrnined for the bulk may explain the large value obtained for Er. 

The same calculations may be undertaken for the samples sintered at the same temperature but for a longer dwell time. The results reported in Table 4 prove that increasing the dwell time has a little, if not any, effect on the different char acteristics issued from impedance spectroscopy analysis.

Oxygen Joss has been avoided by heating in air at lower temperature eg l 200 °C where these losses are negligible. j

Conclusion

The oxalate method used in this work is a very simple way to prepare La doped BaTIO 3 materials. The obtained ox ide powders had particle size lower then 100 nm and were agglomerated. The effect of La-doping on the pennittivity temperature profile showed that the replacement of Ba 2+ by smaller La 3+ cation on the A-site and the presence of B-site vacancies results in a rapid decrease in T c and T o i t • Doped samples showed maximum permittivity values higher than 10000 for a value of x=0.058. These values are mainly re lated to the quality and homogeneity of the ceramics. La cat ions seem a good choice of dopants for improving barium titanate ceramics properties for specific applications.
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Table / :

 / Structure. chemica/ composition and specific su,face area of differenl doped barium titanate powders Ba 1 .,La,1i 1 .tJ 4 O 3 .

						Specific
	Rcfcrence	X	Structure	Chcmical composition •	surface arca
						(m 2 /g)
		DopO	0.00	tctragonal		B a T i0 3	6.00
		Dop0 3	0.026	cubic	Bao.974Lao. 026 Tfo.99303	7.55
		Do p04	0.036	Cubic	Bao.964Lao. o36 T'0.99103	8.16
		Dop05 Dop06 Dop09	O.û48 0.058 0.090	Cubic Cubic Cubic	Bao.9s1Lao04 s T10.9s703 Bao.942Lao. oss Tio.98s03 Bao.90sLao. 090 Tio.91103	9.10 9.50 11.0
		Dopl4	0.138	Cubic	Bao.862L"o.138 T'0.96503	11.6
		4.024			
	� 4.020 I!! 4.016			
		4.012			
	4.008 3 4.004 a.			
	�	4.000 3.996			
		3.992			
		0.00	0.03	0.06	0.09	0.12
					X
					Figure 3:

*Formula ca/culated after normali:ing Ba +, La = 1.
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Variation in lattice parameters at room tempera/ure as fonction of x of doped barium titanate powders Ba 1 . .Lax1i 1 _, 14 03.

Table 2 :

 2 Structure and lattice parameters of different /anthanum doped barium titanate powders Ba 1 jA_ ,1i 1 .v�0 3 .

					Lanice
	Structure	a(À)	c(À)	c/a	volume
					(ÀJ)
	Tctr•gonal	4.0006	4.0215	1.005	64.364
	Cubic	4.0037	4.0037	1	64.137
	Cubic	4.0028	4.0028	1	64.133
	Cubic	4.0020	4.0020	1	64.095
	Cubic	4 0009	4.0009	1	64.045
	Cubic	3.9941	3.9941	1	63.717
	Cubic	3.9940	3.9940	1	63.712
	0				

.00 0.04 0.08 X 0.12 0.16 Figure

  

4: Variation ofswface specific area ar room temperature as function of x ( L15 .., = 3%)

Table 2 :

 2 Stnu:ture and latrice parameters of diff erent lanthanum doped barùun titannte powders Ba1.J.,11,Ti 1 . .,NO1.

					Latticc
	Structure	a(ÂJ	C(Â)	c/a	volume
					(À3)
	Tctragonal	4.0006	4.0215	1.005	64.364
	Cubic	4.0037	4.0037	1	64.137
	Cubic	4.0028	4.0028	1	64.133
	Cubic	4.0020	4.0020	1	64.095
	Cubic	4.0009	4.0009	1	64.045
	Cubic	3.9941	3.9941	1	63.717
	Cubic	3.9940	3.9940	1	63.712
	0				

.00 0.04 0.08 X 0.12 0.16

  

Fil/ure 4: Variation of s11rface specific area at room temperature asfunction ofx (Af_. = 3%)

Table 3 :

 3 Density of doped barium titanate Ba 1 _,La,1i 1 .,14 0 3 ceramics, as a function sintering conditions.

	X	Sintering T Sintcring dwell ('C) timc(h)	Density (g/Cc)	Densification (%)
	0.00	1250	10	5.33 :t 0.()1	89
		1250	20	5.64 :t 0.02	94
	0.026	1250	20	5.51 ± 0.07	91
	0.036	1250	20	5.75 :t 0.07	96
		1250	IO	5.52 :t O.ü7	92
	O.�	1250	20	5.58 ± O.IO	93
		1275	10	5.56 ± 0.10 :.	93
		1250	10	5.57 ± 0.02	93
	0.058	1250	20	5.78 ± 0.07	96
		1275	10	5.35 ± 0.06	90
		1250	IO	5.32±0.11	90
	0.090	1250	20	5.70 ± 0.04	95
		1275	10	5.62 ± 0.12	94
		1250	10	5.63 ± 0.08	94
	0.138	1250	20	5.81 ± 0.08	97
		1275	IO	5.52 ± 0.01	92

Table 4 :

 4 Summary of the main electrical characteristics of the material Ba 1 _.J-a,Ti 1 ., 14 O 3 for two sintering dwell times and x=0JJ58

		X= 0.058	X= 0.058
		Ts= l 250'C, t= !Oh	Ts= l250 °C, t= 20h
	8 1 [rad]	0.034	0.030
	82 [rad]	0.0495	0.050
	Mean relaxation	1.0467 xto• 5	1.416 x10• 5
	timeTmJ [s]		
	Mean relaxation	3.8007 x10• 3	4.0807 xto• 3
	timeTm2 [s]		
	Resistance R 1	0.271	0.441
	[MQJ		
	Resistance R2	3.13	3.47
	[MQJ		
	Capacitance C 1	38.6	32.13
	[pF]		
	Capacitance C2	1230	1176
	[pFJ		
	Equivalent circuit		
		-èJc:J-1\	R,	1\
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