
0 064 211 eg cription The present invention pertains to a method of forming
electrodes on ceramic bodies to provide electronic components, comprising
the steps of coating an electroconductive paste on desired surfaces of 5
each    ~body and baking the coatings. As is well know     kin the
fabrication of such eleonic components using ceramic materials as *
capaciors, vaistorsthermistors and Vibrators, the electrodes or conductos a
eretoform ued bbaing thet lectroconductive pastes on ceramic b
as heretofore used is what caisgknown 85  ivrpse composed of powdered
silver, a glass frit, and a vehice or the liquid ingredient t0 or
ingredients of the paste.maeilfrtepros W nuedorhefte The silver paste is
itself an excellent material for the purposes. When used for the electrodes
of ceramic a fo  xample, it can provide desired capacitance, dielectric
loss tangent (the tangent dieetoric loss eangle, bon  steghbteen the formed
electrodes and the ceramic bodies, and easy K         solderability of
leads to the electrodes. Offsetting all these advantages, however, is the
expensiveness of 5   ilvera a  p o us  metal, which  adds  very  much  to
the  costs  of th..e! e onic  cm pe nt s. Thi inventiouseeistenoe  rbe   f
h  ro  r and provie auovlmeho  f                 ofiatn electrodes or
conductors on ceramic bodies to provide desired electronic components, with
use of a kbly ls expensive substitute for the conventional silver paste.
The electrodes or conduct    , p:.re paredaby   thes    ivniemto    ar
ntable for their favorable  electrical and  mechanical propertijes, in 20
addition to their inexpensiveness. The use of anelectroconductie paste
composed ol         adahicnd, with o en thiouonsed o more  of add ives
suchasls frits, metal oxides, and organonhetallic    pou    eendiclosed in
thre efarlierptent dcments Ep-A-59348, EP-A-5986i and EP-A--592  whichnwere
mehodwever 5 i     the  falingeatete    o the present alton. th is pastef e
th  the inetie method wil lhe Pi ent         fd       the zinc paste for
simplicity and in contradctin t tenventnasile ta:ted                on
desired              surfaces of a ceramic body. The zinc paste coatings
are baked or fired at a temperature ranging from the melting point to
boelig pitnte ozis nfc thereb fringe electroconductive base layers om the
ceramic body. Then in accordance wit the mthod of  thi ieo 30 an overlay of
-a more solderable metal is electroplated on each base layer. Zinc melts at
419*C. and boils at 9070C. Baked at a temperatur betee   Theselmthe zinc
past aer coaing fom eecroconductive base layers firmly adhering to the
ceramic body  hs  ic aelyr are  oorin sldeabiltYhowever. By plating a more
solderable metal on the base layers, as by electroplating of nickel or
copper, there can be obtained electrodes of desired odrbli.Teeetoi
components having their electrodes thus fabricated from the zinc paste,
with  the. onderabteoverlayslvare almost as favorable in electrical and
mechanical properties as those havn  h   ovninlsle elecrods. A reards the
inexpensiveness of the electrodes produced by the inventive method, suffice
it to   say  that  powdered   iinc  is  available  at approximate   11200
the  cost  of  powdered   silver. pproxmate1/200the  cst  o 40 <
bThe above and other features and advantages of this invent  eo
aillwTing   willmore ba                      antion itself will best be
understood, from astudy of the detailed doesiplo  tke .n togehe wth the
attached drawings, in which- 



Figure 1 is a fragmentary sectonal view diagrammatically illustrating, on a
greatly magnifidsaea conductive regionI formed on a ceramic body from the
zinc paste by the method of the present invention, the view being
explanatory offlii N~y in which the unoxidized interiors of the individual
zinc particles 45become fused to each other on baking; Figure 2 is a
diametrical section through a ceramic capacitor having a pair of
electroconductive base layers fabricated by the method of the invention;
Figure 3 is also a diametrical section through the ceramic capacitor of
Figure 2, showing the capacitor 50after the creation of solderable overlays
on the base layers to complete the electrodes by the method of the
invention; and Figure 4 is a plan view explanatory of the way in which the
ceramic capacitor of Figure 3 is tested as to the strength with which the
electrodes adhere to the ceramic body against tensile stress. The present
invention suggests the use of the zinc paste composed principally of
pulverized zinc, 55prfrbyithfomospeiapatce with an average size ranging
from 0.1 to 30.0 lOmfor the fabrication of the electrodes or conductors of
some electronic ceramic components. In most cases the zinc paste may
contain an additive or additives chosen from among various glass frits,
organo-metallic  __ compounds, and metal oxides, the preferred examples of
which will be recited subsequently. Pasted with a- suitabe veiltezn  odr
together with or without the selected additive or additives can be coated__
60 on desired surfaces of ceramic bodies in any known or suitable manner.
The subsequent firing of the zinc paste coatings, however, must be
conducted in the temperature range pcfe  o the zinc paste by the invention.
This temperature range IS from the melting point to boiling point of zinc.
How the zinc paste forms conductive regions on ceramic b~odies, and why it
should be baked in the 65 above specified temperature range, will now be
discussed with reference to Figure 1. The discussion will 2
*~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ l 0 064 211 also make
clear that the use of zinc powder as the main ingredient of the paste is no
arbitrary choice but an outcome of extensive experimentation. Explanatory
of the unique behavior of the zinc paste on firing, Figure 1 is a greatly
magnified, fragmentary section through, for instance, a ceramic capacitor
comprising an electroconductive base layer 5 10, forming a part of one of
its electrodes, and a ceramic body 12. The base layer 10 is made from the
zinc paste, coated on the ceramic body 12 and baked at a temperature
anywhere between the melting and boiling points of zinc. When so heated,
each zinc particle 14, herein shown to be of spherical shape, undergoes
oxidation and bears an oxide cladding 16. If the zinc powder has been mixed
with an additive or additives chosen from the above listed substances, the
additive or additives fill the interstices of the zinc i0 particles, as
identified by the reference numeral 18. Consequently the oxidation of the
zinc powder does not proceed deep into each particle 14. With the continued
application of heat the unoxidized interiors 20 of the 



zinc particles melt and expand at a greater rate than their oxide claddings
16, until the zinc interiors disrupt the oxide claddings and become bridged
to each other as shown. Thus is fabricated the coherently bonded base layer
10 having good electrical conductivity and firmly adhering to the ceramic
body 12. It will also 15 have been seen that the additive or additives in
the zinc paste function as inorganic binder and zinc oxidation inhibitor or
retarder, making it possible to bake the zinc paste coatings in atmosphere.
The base layer 10 produced as above has one weakness, namely, poor
solderability. In accordance with the method of this invention, therefore,
an overlay of a more solderable metal is formed by electroplating on the
base layer to complete the electrode. Such solderable overlays can be
formed by electrolytic plating 20 of, typically, nickel or copper, as will
be detailed later. Described hereinbelow are Examples of the invention,
dealing with specific examples of the zinc paste as actually produced, and
with the physical properties of ceramic capacitors that had their
electrodes fabricated from the zinc paste examples by the method of the
invention. These Examples, however, are meant purely to illustrate or
explain and not to impose limitations upon the invention. 25 Examples 1-48
The particular electroplating method used in these Examples was what was
known as barrel plating. Except in Example 1, as represented in Tables 1
and 2, zinc powder of the grade set forth below was admixed with one or
more of the glass frits, organo-titanium compounds, and metal oxides
specified 30 below, in various proportions expressed in weight parts with
respect to 100 parts by weight of the zinc powder. The following zinc
powder, glass frits, organotitanium (organometallic) compounds, metal
oxides, and vehicle were prepared to formulate zinc pastes of.various
possible compositions in accordance with the invention: 35     Zinc powder:
Spherical particles with diameters ranging from 0.1 to 30.0 gum. The zinc
powder was of such purity as to contain approximately 0.01% by weight of
impurities such as cadmium and iron. Glass frits: One composed of litharge
(PbO), borix oxide (B203) and silica (0i02), consisting of 325-mesh
particles and having a softening point of 5600C., and another composed of
zinc oxide (ZnO), B203 and SiO2, also consisting of 325-mesh particles and
having a softening point of 660'C. 40     Organotitanium (organometallic)
compounds: Tetrakisstearoxy-titanium, Ti(O-Cl7H35)4, in powder form  with i
particle size up to 30 pm, and  di-i-propoxybisacetylacetonatetitanium,
Ti(O- iC3H7)2IOC(CH3)CHCOCH3]2, in the form of a solution, with toluene as
the solvent. Metal oxides: Red lead oxide (Pb304), bismuth trioxide
(Bi2O3), praseodymia (Pr6011), black copper oxide (CuO), and cadmium oxide
(CdO), all in powder form with a particle size ranging from 0.1 to 15.0 pm.
45     Vehicle: Alpha-terpineol admixed with 5% by weight ethylcellulose as
an organic binder. These ingredients were mixed together in various
combinations set forth in Tables 1 and 2, to prepare 48 zinc pastes of
different compositions. The zinc pastes contain the zinc powder and the
vehicle as the two essential ingredients, so that Tables 1 and 2, as well
as all the following tables, list only the additives used and their
proportions in weight parts with respect to 100 parts by weight of the zinc
powder. For simplicity 50 the capitals A, B, C and D are used in all the
tables given herein to refer to the following additives more specifically
recited above: 



A: The PbO-B203-.SiO2 glass frit. B: The ZnO-B203-SiO2 glass frit. C:
Ti(O-C,,H3S)4 (organometallic compound). >  55  D:
Ti(O-iCsH7)2[OC(CH3)CHCOCH3]2 (organometallic compound). The tabulated
weight parts of the additive D are exclusive of the toluene used as the
solvent. The amount of the vehicle (alpha-terpineol) was approximately 20%
of the weight of the zinc powder, or in cases of the use of an additive
additives, of the total weight of the zinc powder and the additive or
additives. The 48 different mixtures of the above enumerated ingredients
were agitated for approximately 15 .60 hours to prepare the zinc pastes of
Examples 1-48. These zinc pastes are the starting materials for the
fabrication of electrodes on ceramic bodies by the method of the invention.
The particular electronic ceramic component chosen to illustrate the
invention was the capacitor. The dielectric ceramic bodies of capacitors,
on which the above prepared zinc pastes were to be coated and baked to
provide electrodes, were fabricated through the following procedure. There
was first prepared a 65 ceramic mixture of 98.8 mole % strontium titanate
(SrTiO3), 0.8 mole % germanium dioxide (GeO2), and 0.4 3 =~~~~~~~~ , ,
0,064 211 ~ble% nobiu  oxde Nb2O)~ dmixd wth olyvnylalcool s a organic
binder After having been agitaed   th    adbim oixtr  aa odd  into  discs
at a  pressure  of  appo umael   one  to0-.n pe   squrare, centimter. the
admisk-lie moldingswere then baked for three hours at a  ofpet  4200adC2 in
capfracety ientwichther-e waskle a reutv  topere of 98% by capacity
molecular nitrogen (N2)ad2   ycpct 5 ~~~molecular hydrogen NHO) The ceramic
discs thus formed had each a diameter Of eight millimeters(m The ceramic
discs were then coated with a PbO-BOT3Bi2O3 glass paste. The cote herai
diascs were heated to and held for three hours at a temperature of 12000C.,
thereby causing diffusion ofthgls ingredients into the ceramic to insulate
its particles.                              dit ,o    With the zinc pastes
and the ceramic discs preparda8 ntefrgil1  hs   eepoesdit capaitor~ a shon
inFigres  and3, y th  mehod of this invention. First, for the fabrication
of electroconiductive base Ilayers 22 on the opposite faces of each
Ceramidsc2asnFgueechzc paste was coated or "printed" on one face 26 of each
of several ceramic discs through a 200-mesh Teflon (traemak) cren. he cate
dics ereintroduced into a drying furnace for drying the coatings at 1500C.
15 for 10 minutes. Then each zinc paste was coated on th  tefce.8oh discs,
r andthe duceatings wer likewise dried. Then, placed on an iron net, the
ceramic discs with the dried coatingswr nrdcdit tunel~ha~d hate, i whch he
oaings were baked at approximtl 7000C., Intermediate the melting poin
(410C.)andboilng pint(9070.) of zinc, for io minutes in exposure to
atmosphere. Tecae 20 crami diss wee hed in the heater for a total of 40
minutes including the time for raising and lowern  t Thus were completed
the conductive base layers 22 on the ceaidsc24Echbelyrhda diameter of 7.8
mm and a thickness of 15 gkm.                                  rmcds. 



The next step is the formation of solderable overlays on the base layers 22
on the cermcdss prepratry o te brrelplaingof oldrable overlays on the base
layers, the articles of Figure 2 were 25 Cleaned by immersion in a 10% by
weight aqueous solution of ammonia. Then the cleaned articles were intrducd
ito  nicel j~cropatig bah cntanin  30 gIl of nickel sulfamate, Ni(SO3NH2)2,
5 gIl of niklcloride, NiCI2z 6H20, and 40 g/l of boric acid, HSBO5.A  a
leprtr  f6'.and r a cu rent idenst ofke fou amee  e  qaedcmtr(/i2), nickel
was barrel plated on the zinc base aest  rvd Solderable overlays as in
Figure 3. The plated articles were then rinsed with water. 2~   30  Figure
3 shows at 30 the solderable overlays thus created by 'the electroplating
on the base layers 22 of each. ceramic Capacitor 32. Each solderable
overlay 30 had a thickness ofaottoc  h  eeec numeal 4 i thi fiuregenrally
denotes each electrode, comprising the base layer 22 and the solderable
overlay 30, of each capacitor 32.icdectc Thecermiccapcitrs 2 wththe Zn-Ni
electrodes 34 were then tested as to capacitane  ieeti 35 lostaet h
0drability of the electrodes, and the strength with which the electrodes
adheet h ceramic discs 24 against pulling stress. Tables 1 and 2 represent
threut.Itesanaltefoowg tables each listed value is the average of 10
samples.  ecpctr ersnttevle   esrda Also, in all the tables given herein,
the 'capacitances oft f the capacitors represent thale measuredsa a
frequency of 1 kHz, in nanoifarads; Wn). The dielectric loss tangents
oftecpiorrpesniotms 46the values measured at 1 kHz. For the actual values
of dielectric loss tangent, therefore, the tabulated figures should be
multiplied by 10.2.e.Th The50lerailiy o th Z-Ni electrodes 34 was
ascertained through the following proceue  h electrodes were first treated
with a flux containing rosin andiorprachli awih  ai  foet nine Th
caaciors32 with the thus pretreated electrodes 34 were then dripped for
about three seconds in 45 a bath of lead (Pb)-tin (Sni) solder heated to a
temperature of 25rahettaawihto the rb-S soler adhering in hemispherical
shape to the pair of electrodes 34 of each capacitor, on its withdrwlfoth
moltn slde, bthwas measured. In Tables 1 and 2 and all the following tables
the solderability of each cpcitor is described as "excellent if the total
weight ofg the solder ataheiomtieetrdsta more than 50 milligrams (mg), and
as "good" if the total weight was. in the range of 2-0m.Tel~rlmto 50
acceptable solderability was set at 20 mg because, as
hasbenacriedyexrmnttrialcod then be soldered to the electrodes without
difficulty. srmn  ftesrntwt  hc  h  nN Figure 4 is explanatory of the
method employed for measuemntofthesregtewt whchtherZ-N elecrods 3 ofeach
capacitor 32 adhere to the ceramic disc 24 against tensile load.
Twoaneldcpr wires 36 and 38 were prepared for each capacitor to be testd
eahwrohvn    lengt ofgl 3 of anda 55 diamneter of 0.6 mm. Each wire was
bent at a pointaprxatl 4 mm from one end intanngeo13. The beteds4  n
4ofteWires were soldered to the respective electrodes 34, or to their
nickel overays30,eac wih ue o abut 0 m  ofsolder. In thus soldering the
wires to the electrodes their shank portions 44 and 46 were laid parallel
to each other, with a spacing of some 5m.Tewt  n   ie3 heldagaist mvemet,
he oher as plle slowly in the arrow marked direction via.a spring scale,
until 60. either of the electrodes came off the ceramic disc. The reading
in kilograms(gofteprnsclatht instnt s gven in the tables. as the tensile
strength of each capacitor. 66 
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(U~~~~~~~~~~~~~~~~~~~~~~~~~~~~: LU          0.~~0 co0 0E
R      0       q~ X(0   .    -Examples 49-96                       0 The
electroplating of copper was tried as another possible method of creating
solderable overlays on  4 the zinc base layers of ceramic capacitors. As
set forth in Tables 3 and 4, 48 different zinc pastes of Examples 49-96
were prepared by use of the same zinc powder, glass frits, organotitanium
compounds, 5 metal oxides, and vehicle as in Examples 1-48, in various
combinations and proportions, and through the same procedure as in Examples
1-48. By use of these zinc pastes the base layers on SrTiO3 ceramic discs
were fabricated as in Figure 2 also through the same procedure as in
Examples 1-48. These articles were subsequently treated with a 10% by
weight aqueous solution of NaOH. For the electroplating of copper on the
zinc base layers formed as above on the ceramic discs, there 70 was used an
electroplating bath containing 65 g/l of copper pyrophosphate (Cu2P2O, -
3H20), 25 g/l of copper particles, 250 g/l of potassium pyrophosphate
(K4P207), 2 ml/I of ammonia water, and 20 g/l of potassium nitrate (KNO3).
At a temperature of 60WC. and a current density of 2 ANdm2, the cleaned
articles were barrel plated with copper for 10 minutes. Then the articles
were rinsed with water. The thus completed capacitors with the Zn-Cu
electrodes were tested as to capacitance, dielectric loss 15 tangent,
solderability, and tensile strength by the same methods as in Examples
1-48. As represented in Tables 3 and 4, the results proved to be as
favorable as those with the capacitors of the preceding Examples. 20 25 30
35 40 45 so 55 60 *65
8~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.
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x wU    0 064 211 1. A method of forming electrodes 34)on ceramic bodies
as24m) to provide electronic components (32)t *jctroplatlng aomore
solderable metal  the reor                         e mehdof forming
electrodes on4 ceaioIesa clampoed pin ciplam  of cAract ald ti tat th s
.eacAceam ctbody(4)ondubaking 8thecainso the electroconductive pasea
patentanspruche   f G . Ver hre z   Ainr  b  Srige   vob n  MElektr
Odenb(34)4an  k eram  ich en    Korpe r (2m 4) zl e  htr ond   .vo 28) (26
von e  oe keriachcerai Kingepoi24)toeroenimitpeinero ezenct~     fotede
rmedo wesetache base sikurfaer beseh ome Pateh     boen ne Maus  arable
ovrlacy eitnde  PatIbsene 20emperature wrdeng bin enrge pr~     iebr tnnt
di    i sorlcd wshe  e   ch eZ~      n   e Galvisiren  ine beserac
~bodcaractMetrizanebrd tid 2.ayerfahr2 n  zuonrne     o    lkrdela     ea
ice ~n tgmh             A spzch in thadtthe 25 gekennZeichnete daB der
besser lotbare eMreotdan Nikelamist. nKren ea gekennzeichnet, daB der
besser lotbare Metall Kupfer ist. Revendications :g~~~~ fomnIlc 2. A
rcmthod    p  ormcerl. de  c lehtrdes(34)isurtdes  corps                  h
tramiqUe (  des c0mr oldrants  Metrlnis~5(3) cmrnnt cesai  stadies de
clvaimed n  dec uraelaimeS(6 2)d chAquethorpsf foramin el(24)rovec un 0
ecnutied  'lcrilecmo~    rniaeetd revendication 1, caractbris e en ce que
le mctal plus soudble est le nckel. 40    3. roc~d  pour fobrmer des
Electrodes s34r dea op  ~ai~scmervniu   asI revelrndischtOn1   rat
IenBceuquemen           eieplu sodalektestcecu~e -,  45 55 _ 60 65
' 12       I^lllllll~illl~ 28) von jedern keram, ~~ ~      ~       ~
~      ~       - anKre.24     dnMt  dnpse  ethne sch            der
elektrisch leits          kt und
dam~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.    


