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Résumé - Des condensateurs multicouches ont été réalisés à partir d'une 
chamotte 3 PbO - MgO - Nb205 dopée en oxyde de plomb, en utilisant comte élec
trode interne un alliage 70 Ag - 30 Pd. La nature et la répartition des phases 
dans les chips varient suivant l'importance du dopage en oxyde de plomb (6 -
8 % en poids) et les conditions de frittage (TMax : 850°C - 1000°C, à l'air 
ou sous atmosphère contrôlée en plomb). On trouve, à travers une section d'un 
condensateur, une phase pyrochlore particulièrement développée en surface a-
lors que la zone active est riche en phase perovskite associée éventuellement 
à une phase vitreuse à base d'oxyde de plomb, celle-ci abaissant la constante 
diélectrique du condensateur. 

Abstract - Multilayer capacitors were made from a 3PbO - MgO - Nb2°5 mixing 
doped with lead oxide, and a 70 Ag - 30 Pd a l loy as in te rna l e lec t rode . The 
phase nature and d i s t r i bu t ion in chips depend on the addit ions of lead oxide 
(6-8 wt %) and the s in te r ing s tep (T : 850 - 1000°C, in a i r or in a PbO 
control led atmosphere). Through a chip cross sec t ion, one can note a pyrochlo
re type phase especia l ly developped in the surface layer while the chip ac t ive 
area i s e s sen t i a l l y const i tu ted of a perovskite type phase (PMN) and of an e -
ventual glassy phase based on lead oxide, which strongly lowers the chip d i e 
l e c t r i c constant . 

INTRODUCTION 

Dielec t r ic mater ia ls used for mult i layer capacitors are usual ly a lka l i - ea r th t i tanates 
(BaTi03, SrTiO.,, . . .) which the f i r i ng temperature i s near 1300°C. Since the usual 
ceramic mult i layer capaci tor process i s characterized by a metal-ceramic cofixing 
s t ep , the in te rna l e lec t rodes , used in t h i s case, are necessary expensive a l loys as 
for example Ag-Pd : 30 - 70 one. 

Different p o s s i b i l i t i e s can be considered to reduce the cost of multi layer ceramic 
capacitors : 
- To lower the f i r i ng temperature of the d i e l e c t r i c mater ia ls such t ha t high s i l ve r 
content a l loys or base metals / 1 - 4 / can be used as in te rna l e lec t rodes . 
- To use a fabricat ion method of mult i layer ceramic capaci tors eliminating the metal-
ceramic cof i r ing s tep such as the metal impregnation one. This method involves for
ming ceramic s t ruc tures with porous layers which are then impregnated with inexpen
s ive metal such as Pb, Sn or Ag / 5 , 6 / . 

Among the low f i r ing d i e l e c t r i c mate r ia l s , the complex perovskite compounds 
Pb(AB)03 with A : Mg2+, Fe3+, Zn2+, N i 2 + and B : Nb5 + , # + , Ta5+ are very promising. 
Fired a t about 1000°C, they exhibi t high d i e l e c t r i c constant (10.000) / 7 - 1 1 / . 
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However, previous studies on Pb Mgl 3 Nb2 O3 compound (PMN) have shown that it is 
very difficult to get a pure provsfLte d a s e  /12-16/. The weak reactivity of the 
mgnesium oxide associated with the high volatility of lead oxide leads to the f o m -  
tion of a pyrochlore phase (3  Pi9  2 Nb O5 ty) preferentially located. on the surface 
of s q l e s  and characterized by poor e?ectrlc properties (low dielectric constant and 
resistivity, high dielectric losses). Recently, we have shown /17-19/ that an ham- 
qeneous distribution of pymchlore and perwskite phases can be realized fram the 
optimization of the firing step and that a control of lead oxide stoechioxretry leads 
to the elimination of the pymchlore phase. Consequently, the dielectric properties 
were notably inproved : disk capacitors fired a t  900°c ekhibit a t  20°c a high die- 
lectric constant (12000) and resistivity (1012 S2 Qn) associated with low dielectric 
losses (3 %,) . 
This papzr r e p r t s  the dielectric properties of multilayer type capacitors corres- 
ponding to  this system. 

Powders were prepared as follows : the reagent grade oxides of lead and niobium, and 
carbonate of m g n e s i d  were milled, according to the lead magnesium niobate stoe- 
chioxretry, in an attrition system for 1 hour using zirconia balls and acetone. The 
slurry VES dried and calcined a t  800°C for 2 hours. A lead oxide excess (Y : 6-8 
wt %) was then added to the calcined product. After attrition milling for 2 hours, 
the average Fie size of the @er is of a micron order with a specific surfa- 
ca equal to  4m /g. 
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Fig. 1 Multilayer ceramic capacitors mufacturing process 
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Multilayers capacitors were prepared by the process shown fiqure 1 : the film i s  
formed by casting a slurry (Powder/E3inder/Solvents : 56/10/34 wt %) on glass plate 
according to the doctor blade process (Cladan Caster W l  133) the green film, 40 p 
thick, is then cut. The green sheets are screen printed with Ag/Pd : 70/30 electro- 
des. Ten printed sheets were then lavinated in a single block which i s  cu t  into in- 
dividual chips. Af te r  burning out, the chips are sintered according different methcds 
( I v E x h m  Temperature : from 850°C to 1000°C - A-snhere PbO source or not). 
Figure 2 sh&s the typical layered structure of 
one chip capacitor observed by scanning elec- 
tron micrograph. 

The following controls were achieved for the 
different chip capacitors. 

- The losses of PbO oxide durina sintering, 
fromwhich one can deduce the residual lead 
oxide content(here after designated by PbOrsd) 
that is t o  say the difference of lead oxide 
stoichicmx=try betmen the sintered material 
and the calcined ~roduct. 

- The sintering shrinkage. (bar : 50 pm) 
Fig. 2 Cross section of 

- The concentration of +ases (2jyrochlore and rmiltilayer ceramic capacitor. 
perovskite type) in samples. 

Wreaver dielectric constant and dissipation factor were masured a t  1 KHz with 
1 V / m  from - 55OC to + 125OC using an automitic capacitance bridge. Insulation re- 
sistances were rneasured with a high resistance mete r  after applying 1 Vdc/pm forlmin. 

I1 - RESULTS (Table I) 

Table I 

Residual PbO oxide content, Perovskite content (1) Average (2) Surface, sintering 
Shrinkage and Electric characteristics of miltilayer chips corresponding to Y W t  % 
lead oxide additions to calcined product, sintered a t  T ~ O C  in different atmspheres. 

. Volatilization mechanism of lead oxide and nature of phases. 

- The volatilization of PbO increases with the Pb3 oontent added to the calcined 
prcduct ( s q l e s  (3) - (4) - (5)) and with the firing teqerature (samples (1) - (2) 
( 3 ) )  but it can be reduce by using a '-PIXI controlled atrrosphere (samples (5) - 
(6) - (7) 1 
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- The average perovskite content o f s q l e s  depends on different parmeters. In fact, 
given a residual lead oxide content (samples (1) - ( 4 ) )  the firing t-rature must 
be high enough to allow the synthesis of pmvskite phase and in such a case, the 
average perovskite content increases with the residual lead oxide content (sartples 
from (3) tC, (7 ) .  These results are in agreerent with the fomtion mchanims of 
perowkite ,phase propsed in previous studies /12/. 

Wreover the volatilization of PkO leads to an inhonqeneous distribution of the re- 
sidual lead oxide in samples and consequently to a gradient of perovskite phase which 
depends on the ccanposition and the sintering conditions (Table I).  So figure 3 shows 
the difference of microstructure between a surface layer (a) and on internal one (b) 
in a chip capacitor. 

Fig. 3. Microstructure of a PMN ld t i l aye r  ceramic fired a t  1000°C. 

a) in a ceramic layer b) a t  the surface (bar = 10 p) 

. Dielectric characteristics. 

- A s  the dielectric constant is concerned, the average perovskite content appears 
less determining than the sintering shrinkage (samples (4)  - (5)). Nevertheless, the 
type of phase gradient is crucial (samples (3) - (5) ) . In fact, for a sme average 
perovskite content,the highest capacity corresponds to the strongest phase gradient 
because of the active area of a multilayer capacitor ( f i g r e  4 ) .  

Fig. 4 : Example of two dis- 
tributions of the pemvskite 
phase, in a mltilayer caps- 
citor, corresponding to a 
s a m  average perovskite con- 
tent (the B distribution 
leads to a higher capacity 
than a one) . 



- For s m  samples, for  instance (4) and (81, the dielectric constant variations cant'be 
explained through the previous parmters (provskite content, phase gradient and 
sintering shrinkage). In fact,  one can deduce from the values of lead oxide stoichio- 
metry and PMN content i n  Table I that  there is free lead oxide associated with PMN 
and pyrcchlore phases i n  s m  sintered. samples.Nevertheless, no lead oxide diffraction 
l ine appears on X-ray pattern, which only exhibit a broad diffuse peak towards small 
angles, suggesting that  these sanples contain a glassy phase based on lead oxide. 
Consequently, the lm value of the dielectric constant for %re samples can be due 
to a glassy phase gradient (similar t o  the PMN one). 

CY)NCLUSION 

The results show that the dielectric characteristics of miltilayer capacitors can be 
improved according two ways. 

- Either one keeps a phase gradient in the chips and one must adjust the lead oxide 
excess and the sintering step in  order tha t  there are  the highest possible average 
perovskite content and densification rate,  while avoiding the formation of a glassy 
phase due to a local lead oxide excess. Up t o  now, the best result  is obtained for 
7 % lead oxide excess and a sintering a t  1000°C on a PbZr03 layer. 

- O r  one t r i e s  to eliminate the phase gradient : i n  such a case the two parameters : 
lead oxide excess/sintering step mt define a pure perovskite suppsing that  there 
is no 3ead loss, which may be achieved by a sintering of samples in  a p d e r  with a 
lead oxide s toechimtry  near the PMN one. 
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