NETH(I) OF ., MAKI NG MARGI NLESS MULTI - LAYER CERAM C CAPACI TORS" DESCRI PTI ON
The p(ésent invéntion relates to.. a nethod. of 5 maki ng i, Nl ess
mul ti=layer: cer&m C capacj tors. The use of multi-I ayer ceram 2@&
is progres& vely’increasing® In order to nminimze the volune, it. |s
highl y .desirabl e that ceram c capacitors 10 have a maxinum capaci tance
per uni‘'t -area.. Additionally, with the high cost of dielectric materials =
typically enpl oyed, e.g. ceram' c materials having high dielectric '
comsg ants, such as titanates, zirconates, stannates of the alkali ; '
metals, e.g.. 15 calcium barium strontium and titanium it
desi rabl e to mnimze the quantity of dielectric material enpl oyed.”A
further desideratumis that the capacitors 20" fabricated in. a given
run may be manufactured to have a predeterm ned desi'red capacitance val ue
vvlth mnlmal vari ations. e o :

o
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) "HETHOD OF MAKING MA.RGINI:ESS HULTI—LAY'ER
' CERAMIC GAPACITORS"

o

6.




The net hods heretofore used in the fabrication of nulti-layer. ceramc
capacitors have  -3- been deficient in various aspects. , Nbre
particularly, they have resulted’in the production of capaC|tors havi ng

| @&\ t han optimal capacitance to area ratio. Additionally,. as will be nmor&-
“-set forth herein- 5 - after, the typical practice has been to ﬁ*".
‘»ate capacitors of a val ue sonemhat hi gher 't han necessary for a given i
apy .at|on and thereafter erode the capacitors while reasuring capaci tance ;i
variations, to reduce the capa@ tance to a desired lower value. 10 PO s
By way of_exanple reference is made to U S. Patents Nos.. 3456,170 and
- 3394, 386. 'vaiOUSIy the fabrication of an over-size capaC|tor and t he
subsequent erosion.thereof are masteful of materials and | abour and al so
~result in 15 - the prodRBSEREPBEON capacitor whose overall dimensions
- _are larger than required. In accordance with typical manufacturing '

.The:pfesentfihﬁenticn:reIateS;toha method. of
5 making'ma:ginlesa ﬁulti—layer ceramic capacitors.

- The use\of multl-layer ceramlc capacitors ie.
”progressively 1ncrea51ng. In order to minimi?efthe
volume, it is highly de51rab1e that ceramic capacitors

10 have a maximum capacitance per unit area.
.Addltlonally, w1th the hlgh cost of dielectric
--materials typically-employed,-e.g, ceramic*ﬁatetials
'“having hlgh dlelectric constants, such as tltanates,
- zlrconates, stannates of the alka11 earth metals, e. g.
P calclum, barlum, strontlum, and titanium, it is
| ;de51rable to minimize the quantity of dielectric

. material employed.

*=A<furthen4deeideratumzisathat"the,capécitérst S .
200 'fabticatedﬁin:aigiveﬁwrunjmazﬁbewmanufactured.toﬁhave“
| a Ptédeterminedpdesired7capacitance-vaiue'with minimal
~variations.

The3meth065'heretofote used in_the fabrication of

multiélayex.ceramic capacitors have



e

procegur és:f or mul ti -1 ayer ceram c capacitors, as exenplified for instance
by U{S> Patents Nos. 20 3235, 939, 3992, 761 and 4008, 514,. the prior

art ﬁethods for manufacturlng ceram c capacitors have resulted in the .
prodict i.on of over-size capacitors for the reason that such methods invol ve.
the—~ -4- inprinting on the ceramic material of a multi- plicity of - . ;% {
dlscrete i ncrements of el ectrode surrounded by uncovered areas n"e.rders'
of ceramc. - Plural sheets bearing the nultiple 5 : el e pattern
are“placed in registry and the resultant.3stack is punched or se
processed to sever capacitor blanks by cuts extending through the borders
The fabricating nmethod. described and 10 resul tant produce are - _
di sadvant ageous i'n many aspects, including the waste of ceram c inherent in

provi di ng borden%égﬁvEéﬁ%gigﬁkrgﬂcga%ggu%h%éﬁggtéPEH tﬁﬁ%gVﬁéﬁticularly,

dlnen5|ons of the
they have resulted in the production of capacitors

having 1ess;than optimal capacitance to area ratio.
; Additionally, as will be more fully set forth herein-
i:‘ | 5 after, the;typicatpracticé has been to fabricate
- capacitorsvof a value somewhat higherfthan necessary
' for'a-given application and-thereafter*erode the
- capacitors while méasnring capacitance variations,
- %o reduce the capacitance to a desired lower value.
10 , i By way of example, reference is made to
U.8. Patents Nos. 3456,170 shd 3394 ,386.
_ 0bv1ously, the fabrication of an over—size'
: capacitor and the subseguent erosion therecf are
wasteful of materials and labour and also result in
15 '--_the production of a capacitor_whosegoverall.dimensions
arerlargcr=than'required. |

 In accordance with typical-manufactnring

. -;l't'

' procedures for'multi;laYer-ceramic=papacitors, as
. exemplified for instance by U.S. Patents Nos.
20 3235,939, 3992,761 and 4008,514, the prior art

L3

methods for manufacturing“ceranic”capacitors-haVe
resultéd“in'the-prOductionfoffoverésizevcapacitors

" for the ‘reason that such methods involve the



fg(oduct
y and t hat

superi nposi tion of such sheets,

‘areas or
bor.ders,

fabricati
- material.

are enl arged by the size of the border 15 naterial r emai ni ng,
with a given ceram c body area, the electrode naterial does not

e entire area, so that the resultant capacitance is not* maxi ni zed.
arize, the prior art nethods used .20 in the fabrication of
yyer ceram c capacitors have heretof ore i nvol ved i nprinting of
€ly 1arge sheets with a nultiplicity of discrete electrode patterns,
and severing of the sheets in the margin

borders between electrode tterns, thereby providing capaC|tors\,.
whi ch have. |arger than necessary bu due. to the surrounding ceramc
and by reason of 5 . such borders do not nmaximn ze the possible
capacitahce of the unit, and for the sane reason enploy in their

ion. i%sﬂfﬁtiﬁgnoﬂe%ﬁ%s%rabqiectﬁéééffaffofxaeﬂaw ceram ¢

Wher e cl ose tric tol erances aire required,

has been neqsﬁf@ivyternamaaee%@rQnééahéﬁ%éﬂaf electrode

10

15

.20

surrounded by uncovered areasnor borders of
- ceramic. 'Plural sheets:bearing-the-multipie
electrode-pattern.aregplaeed;in_registry and the
: resultant stack is pnncned-or otherwise-processed
to sever capacitor blanks by cuts extending through
the borders. _ _
| The rabnicating method described and
resultant pnqduce'are diaadvantageous-in_many
aspects, including-the waste of eeramic:inherent
: in providing;borders'betweeneelectredeSaand the
fact that the overall dimensions of the finished
' -pnoductnare enlarged.by the size of the border .
material remaining, and that with a.given.ceramic
body area, the electrode material does not cover |
athe entire area, S0 that the resultant capacltance
is not~maximlzed . |
To summarize, the- prior art methods . used
' in. the- fabrlcation of - multl-layer ceramic capacitors
have heretofore involved 1mprinting;o£ relatively
“large sheets with a multiplicity of discrete

electrode patterns,'superimpesition ef such sheets,

it

o



capacitors oversized :and. thereafter:: reduce the capacitance value to
achi eve a unit having acceptable tolerance .levels. 15 According to one
aspéct’ of the invention there is. provided a. met hod of maki ng a narginl ess.
nuL§4~payer ceram c. capaC|tor conprising the steps of form ng. a pl yrFaiity:
of .she€t's of green ceranic,.depositing on 20 '~ each of said shge '
electrode pattern conprising at | east one el ongate, rectangul ar,
strip of electrode.material, the length of said strip being-a majN\e
nulrrple of the projected electrode wi dth of a finished capacitor,
superinposing a plurality of said - b5A- electrode bearing sheets to
forma stack having alternate parallel Iayers of el ectrode and ceram c,
such that the | anfl tsrMerin@dpesthe sheetscinrthe margps gre@s @mate
sheet's are in allgnnent and the 5 | ongit udi nal . edges-of the

el ectrode stripPOrdeLy Meerhe%lscamd%npgssggesedthetrgbn'o@royéxﬂetrngqg
i ncr errent S

_-capac1tors whlch “have larger than necessary bulk due:

to the surroundlng ceramic. borders, and by reason’ ‘of

B 7

Y

_;such-borderszdc;not'maxamlze-the-pOSSLble capacrtance

. . of the unit, and for the-same reascn:employ'inftheir
'_fabricationularéer'than necessary quantitites of

.exPQnsire ceramic. material. J '

10 re | Jr'tWhere'close electricalrtcierances-are-reQuired,_
it has been necessary ‘to manufacture the ceramic
rfcapacitors overs1zed and thereafter reduce the
-w“capacltance value to achleve a un1t hav1ng acceptable-d

5tolerancealevelsa'

15
| '..According?to"onefaspectiofdthe“inventionfthere is
- | prcvidedJa~metnod cf'makinéia'narginless~nultielayer
jgj - ceramic¢ capacitor comprlslng the: steps of formlng a
: fplurallty of sheets of green ceramlc, depos1ting on
ﬁi 20 f.wufeach of said sheets an electrode pattern comprzs1ng at

~least;cnehelongate,'rectangular,-contlnuous.strlp of
'Jelectrodeﬁmaterial}dthe*length'of'said'stripfbeingda
major multiple of the. projected electrode width of a

- finished capacitor,rsuperimpdsing a-plurality'cf-éaid



+ of "said stack perpendi cular to the length of said el ectrode strips along_

.~severance |ines, each 'said severance |ine defjning the borders of two

... adj acent 10

' (gaid'capacitor bl anks.

‘\

pl ut

mar gi nl ess capacitor blanks, and firing and .term-nating

Accordi ng to anot her aspect of the invention ther
s provided a nethod of naking a marginless 15

rectangul ar continuous strips of e

el ectrode mtgréetro8cbe8pvhy Shedls to £o2mh aSihiakkO®avdny Maj or multiple
of the projected electrode width of a .finished capacitor superinposing a

plurality of spterrhtetpacalbeariagesbeofseelecteoded andaclerdanmidly al ternate

.parall el |ayers of.electrode and ceram c

of the 25 -

sueh ethabdthet lopgithdihadr edgessbfetheadjlackriodene of

- the longitudi nal edges thereof. are'in alignnment and

10

15

20"

25

strips of alternate sheets are in-alignmenf'and the

flongitudinal.edgesvofftheaeiectroderstxips“of adjacent
sheets are ‘in staggered relation, severing increments
of said stack perpendicular téitheflength of said

 e1ectrode strips-along severance lines, each said

o 4 '
severance line defining the borders of two adjacent

marginless_capacitor blanks, and firing “and

itefﬁinatingxsaid capacitortblankSC.f

ijcco;dingfto another-aspect.of-thesinveﬁtibn there

g is.providedaa~methdd-Of-making-a-marginless~'f

multi-layer cépqcitor comprising_thé steps,ofxformihgf_-

a plurality of sheets of gréen ceramic, depositing on

- each of_Said-sheets an eléctrodewpattern.comprising a

- plurality of elongate spaced'parallel;;ectangnlap

-_each:st:ip,beingiavméjor'multipleiof-the projected

eiegtrodefwidthgoffaafinishedﬂcapacitor superimpdsinga

a;pldrality oﬁ;said*éIEctrode bearing sheets to form a

.stagk_héving;alternate-pafallel'layers of electrode

and ce;amic, such that_the longitudinal edges bf_the

. electrode strips of alternate sheets adjacent one éf_

such that the |ongitudinal edges

-.5B

'continuouS'strips”of elect:ode;mate:ial, the - length of .

e
mul ti-layer capacitor=
(" ing the steps of forming a plurality of ‘sheets of green ceranic
${¥ i ng on each of said sheeLs gg el ectrode pattern conprising a
gr ity of elongate spaced parallel



the | ongitudi nal edges of the el ectrode strips of adjacent sheet
the.olher | ongi:t udi nal edge of 'the sheet are in staggered rel at}
severi'ng 5, . the stack al ong spaced parallel planes parallé
| ep@th of sai d él ectrode strips to define a plurality of el ongated-stack."
kbl Anhks: "each having the |ongitudinal edges -of the el ectrode strips of ¥’
al tefhate sheets al ong one |ongitudinal edge of the 10 el ongat ed st'aek
bl ank in alignment and exposed and the Jggngitudi nal edges of the el ectrode
strips of adjacent sheets al ong the other | ongi tudi nal edge of the

el omgat ed stack bl gk hBngieaaenad eduesi ehereorenirey innaldummen tofarshi d

el ongat ed stack bl.ank transversely 157 - of the length thereof to define
at each said sever gaeelbhgetulignbor dayesobft theadlactrodensiripes of |

capaci tor blanks, and firing and terminatng said capacitor blanks. 20
According to a furaagacespesheetsthd]aneamtmbn oltbes. ilongridudiadls edgehod
of .making a marginless nulti-Ilayer capacitor. conprisingthe steps of
formng a pIuraI|t9fothehehestoﬁrgreans¢esa§¢@d G@ﬂ@ﬁ#ﬂﬂi&kﬁn EaMerdnai d

sheets an-electrode pattern conprising a
' -5 the stack along spaced parallel planes parallel to_the

-

‘length of sald-electrode-striésfto define a plurality
. of elongated stackiblanks;,each'having the
longitudinal edges of'the electrode strips of
-alternate sheets along one longitudinal edge of the
10' ' elongated stack blank in allgnment and exposed and the
’longitudinal edges'of'the electrode strips of adjacent
sheets along thefother“IOngitudinal edge'of'the
'elongatedfstaok hlankain-Staggered relation, severing -
1ncrements of said elongated stack blank transversely
15 of ‘the length thereof to deflne at each said severance
11ne the borders of two adjacent marglnless capac1tor'
blanks, and f1r1ng and terminatng said capac1tor

- blanks.

20 o Accordlng to a further aspect of the 1nvent10n

- there is. prov1ded a method of making. a marglnless

0 .

multl-layer capac1torucomprlsing.the.steps.of.forming.
" -a plurality of sheets of green ceramic, depositing on

each of said-sheets'an electrode-pattern COmprising a



- 5C plurality of elongate spaced, parallel, rectangul ar,,continuous
’Etrlps of electrode material, the |ength of -6- each strip .being a.

~major nmultiple of the prolect el ectrode width of a finished capaC|tor t he
CMLqéizﬁf the el ectrode strip adjacent one of the longitudinal "edges of thes:

h ei ng approximately one-half the 3 wi dt h of the other . eIectrodé%m’
str - on the sheet, superinposing a plurality of said el ectrode bearing:
sheets to forma stack. havi ng al terb& e parallel |ayers of electrode and
ceramic, with the half-wi dth electrode strip bein ositioned alternatel ygr
adj acent 10 leé%htibf°€ h%l‘P%?@F?uﬁﬂﬁ#dedgésaégeghergpéienguim’h t hat

.t he Iongltudlnal &hﬁ of the electrode strips of alternate sheets are in-

~alignrent -and $9Rt} % RFREPS coh §18thﬂ€eeWEE?Fbéé'SFPFpéeﬁﬂthaQFécent
sheets are in staggered relatlon severlng t he stack al ong spaced -



15. paraIIeI pl anes substantially n1dmay of the space between the ,
halerAdth electrode strip and the next adjacent electrode strip and m dway.--
éLQe full"width * electrode strip, to define a plurality of elgngate -~

kgblanks each having the |ongitudinal edges of 20 t he

gf alternate sheets al ong one |ongitudinal edge of the & )

s{ack blank in alignnment and exposed: and the |ongitudinal edges of the
el ectrode strips of adjacent -sheets6in staggered relation, severing.
i nérements of each of said 25 el ongated stack bl anks transversely of
the ™ engt'h ez -stip doeing dAchajeranudsipleaicd sbeemmededine the
borders of two adjacent narginless capacitor blanks, and firing and
term nating sai®tRHPRY ?cﬁlgFﬁﬁkg a finhshpdsGpPasd teapaditeomicth jof

conventional , ereaft be surrounded by a protective insulatin
' m%g electro e strfp aggacent %ne %f tie longltudlnalg

.edges of the sheet belng approxlmately one half the

Ul.

dw1dth of the other electrode strips on the sheet,
-superlmpos1ng-a pluralrty_of said electrode-bearrng
} - : -'.sheets-to'forﬁ-a stack'having'alternate parallel
layers of electrode and ceramlc, with the half-width
electrode strip belng pos1tloned alternately ad]acent
10 '*;geach of the longltudlnal edges of the stack, such that
| ..the longltudlnal edges of the electrode strlps of
alternate sheets.arevln allgnment and” the longltudlnal
';edgeS'of'the electrodertriPS'offadjacent'Sheets are .
in staggered relatlon, severlng the stack along spaced'
.15 -.- parallel planes- substant1ally mldway of the space B
| between-the half-width electrode_strlp and the next
adjacent electrode strip'and midway.of'the full.width
ﬁelectrode-stripg to define a plurality of elongate
.stackublanks, each having. the longitudinal edges of

- 20. ° . the electrode strlps of alternate sheets along one

[ ¢]

'longltudlnal edge. of the elongated stack blank in
alignment~and*eXpdsedaandrtheflongitudinal'edges of

the electrode strlps of adjacent sheets in staggered-

relatlon, severlng increments of each. of said

25 elongated stack blanks transVersely of the length



" coating, such as a glaze. 5 ' As will be perceived,' fromthe

. {Precedi ng description, practice of the method results in the formation of a
\cap.‘ tor which is essentially . marginless. The 'term "marginl'ess"™ as used

ﬂ/‘ln{|s intended to relate to a construction in which the- I0 R

' i c dielectric conponents of' the capacitor, at the end edges e
f, i.e. the edges which extend between the-side edges which carry
term nations, are essentially coter@anéus with the margi nal edges of the

el ectrodes, . ' wher eby substantially all of the area of 15. the capaci ¥
may be ut|I|ze§h§§ea§dtPod?ﬁéneap$Cﬁﬁ&hcaam§ severanee rldnd tkhe unit. Thus
a narglnless capacitor. is one which all four edges of the capacitor-

i ncl ude exposebopgers: °feF39tF§dé§en&I@ﬁ@ﬂgmlﬂﬁ%/cﬂﬂaﬂﬂtqn(bkﬁnkﬁxodes are
exposed at theana ge Qr termnatign edges. I.n accordance with a.varlatlon

r

of the nethod FﬁFEgsaHﬂIFPrméyéFl réﬂ%g(ﬁﬂﬁiﬁ%QQ%;b anks.




are. produced mﬁthh cl ose tol erance ranges w thout the necessity for
post - f or mati on*.capaci t ance adjust- ment, by formng a stack of she

material as described, i.e “alternately registering |ayers of 5 ‘ r&de
and_ ceramc, the el ectrodes bei ng el ongate as respects the ulti g dtch
\af—a gi ven capacitor, and with alternate el ectrodes being exposed each™ -~

si de .edge,
angles to 10

severing an increnent fromthe stack in a direction at

right

the direction of elongation, firing and termnating the

tegb I ncr ement t hereafter neasucifqg-the capacitance of the fired and
term nated test increnent,. correlating the neasured capacrtance value with
t he di nensi on of. the severed I ncrenment, 15 and thereafter adjusting

t he di mension of increnents severed fromthe renmni nder of the stack, as
as from additi-orhé seéanksanengkpacuited f@@ﬂﬁdﬁtoﬂﬁeﬁtiﬂﬁﬁm,Q@éﬁﬁlC

wel |
bat ch,
pr odu

capacitors having values closely related to a preselected value
nmore fully unde¢e@b©dgfrsﬁchhes a glaze.

-~

I n .accordance with the desired . .capacitance val ue

cts.

10

15

20

20

thereafter be shrsonmdedr byt ai prwtexithilvee tingielaving

__Ae will be perceived from the ‘preceding

-deséription, practice of the methdd results in the

' formatlon of a capac1tor whlch is essentlally
__marglnless. The term "marglnless“ as’ used’ herein is.
intended to relate to a constructlon in which the

,,sceramic dlelectric»components of the capecxto:, at the

end-edges=thereof,_i-e.~the edges which extend
between the side- edges. which. carry termlnatlons, are

essent1ally coterminous w1th the: margznal edges of the

-e;ectrodes,.whereby-sgbstent;ally-all-of the area of

the capacitor maj:be.htilized to add to the

capacitance'value of the resultant unit.

‘Thus .a "marginless" capacitor is . one which all
feu:"edgeSyof{the=cepacitorrineludewexposed

eleetrodes, a;though.onIYﬂalterﬁatewelectredes are

 exposed at the side or termination edges.

‘In accordance with a variation'OE the method,

marginless multi-layer ceramic capacitors

of the finished

As will be



SU|ng descrlptlon nunerous variations and - 9 - refinepents may be
ffected In the process. wthout departing fromthe. underlylng principles
fhe g0f.,- such variations including the provision of a pIurallty ‘of
i sely extending el ectrodes 5 on each of the ceram c*l ayers, and
ing of the resultant stack in directions parallel with the axis ofhusJ
_ ion of the el ectrodes as well as perpendicul ar thereto, the use of
gang—cutting or dicing devices for sinultaneously 10  separating a
“nultiplicity of increments fromthesel ectrode bearing stack,, the e
adj ustment of a. gang cutting or d‘%lng devi ce in accordance with the val ue-
of. an increment separated froma given stack or froma stack form ng one of
a 15 -plurality of stacks fabricated froma given batch of ceramc. :
material (the dielectric constant of which -material- may vary frombatch to
bat ch), the EGPtPﬁ8d§Pﬁﬁwﬂ%ﬁh¥ﬁ|¢k9%ﬁeﬁ©%erﬂunﬁaraMQa$ without ]

the necessity for-post-formation capacltance adaust—-;

ment, bytforming a'stack-of"sheets'of material . as
tdescribed i.e. alternately registerlng layers of
5 electrode and ceramic, the electrodes being
U _elongate as respects the ultlmate width of a glven
. capacitor, and with alternate electrodes being
exposed at each side edge, severlng an increment
N from the stack in a directlon at rlght angles To
10 .the directlon of elongation, flrlng and termlnatlng
‘the test"incrnnant; thereafter measurlng the
"capacitance of the fired and termlnated test’
'_flncrsment, correlating the measured capacitance*;“'
value with the dimensionfoﬁ the severed increment;
15 -and thereafter“adjasting the dimension of increments
_'severed;from'theJremainder of the stack, as well
as from additional stacksrmanufactured from the
-same?sreen éeramicfbatch,-in-accOrdanceiwithxthe__
desiredecapacitance vaiuefcfrthe«finiShed:products; :-."ﬁ,_
20 o .:In:thiSemannerlit.is'pdssibleﬁto derive - . |
capacitors having values:closel& related to a
preselected value. _
© 4s will be more fully;ﬁnderstoodafrom-the_

.ensuing description, numerous variations and



el ect.rode-ceranic bJock in directions perpendicul ar 20 to the axis @
eIong”hlon of the electrodes, etc. The invention will now be descri beg
way of exanple onIy with partlcular reference to the acconpanyi ng dra
m?f iz 10- ‘Figure 1 is a perspective view of a sheet of green c
p oF to appli.cati on of an el ectrode pattern; Flgure 2 I's a perspective
view of the 5 sheet of Figure 1 with a representative éxanpl e-of an*
electrode pattern formed thereon; F|gure 3 is a perspective view of a stack
of t@e sheets shown'in Figure 2; Figure 4 is a perspective view of an 10

i ncrement severed from the stack of Flgdﬁe 3; Figure 5 is a perspective
view of a representative exanple of a severed increment formed fromthe
conponent illustrated in F|gure A, Figure 6 is a schematic jillustration of

refinements may be effected 1n the process without

h.departing from ﬂnaunderlying prlnciples ‘thereof,
such variations including the protision of.a
plurality of lengthwisely extending electrodes
. | . 5 . on each of the ceramic layers, and the cutting ..
~of the resultant stack in directions parallel N
with-the-axis'of elongation of the electrodes as
well as perpendicular thereto, the use of gang
~cutting or dicing devicee for'simultaneously
10 separating a multiplicity of increments from
':j_the electrode'bearing ltack the adgustment or
a gang cutting or dicing device in accordance .
. - with the value of an 1ncrement separated from a
'_given stack or from a stack forming one of a “_
15' ' plurality of stacks fabricated from a given batch
of ceramic material (the dielectric constant of
which material may vary from bateh to batch), thef
cutting of discrete increments from a fired _
electrode-ceramic block 1n directions perpendicular
20 to the ax1s of elongation of the electrodes, etc.-
o The invention Wlll now be described by way
of example only with particular reference to the

accompanying draWings wherein.



15 a‘'further step in.the manuf acture of a tol erance- adj ust ed
ﬁEﬁpaC|tor belng t he measurenment of the capacitance value of t'he increnent
of AAqure 5; Figure 7 is illustrative of a. furthe.r step in the ..
%ti on of the margial ess. capacitor 20 deV|ce illustrating the,
ffce into segnents of a capacitor preform Figure 8 is a dlagrannatlgb-i
Fl p'ratlon of a dicing operation whereby a multiplicity of .capaci tor
bl'anks are directly severed fromthe stack of electrode-inprinted green
~.ceram c sheets; and.. Figure 9 is a cross-sectional view5 |IIustraang
"~ the severance lines for di vi di ng a1etack of ceramic-sheets as depicted in
‘Figure 3. There is disclosed diagrammatically in Figure 1 a sheet or |ayer
10 of green ceramc material, said sheet conprising an-increment of 10
predet ernined | ength cut fron1a contlnuance strip, as is well known 'in the.

~art.  The ~green Ce“ﬁiéure 11is a perspective view of a sheet

_of green ceramic pmior to application of an
electrode pattern, S X - - ' | S
| Figure 2 is a perspective v1ew - of the |
5. sheet of Figure 1 with a representative example of
an electrode pattern formed thereon,_ |
ﬁ Figure 3 1is a perspective view of a stack
of the sheets shown in Figure 23
Figure 4-is a perspective view of an
'16_ "-increment severed.from ‘the stack of Figure 3, |
Figure 5 is a perspective View of a |
.representative example of a severed increment
formed from the component illustrated in Figure 4
Figure 6 is a’ schematic illustration of
45 a further step in the manufacture of a tolerance-
o -adgusted capacitor, being the measurement of the
capacitance value . of the 1ncrement of Figure 5, : 'ﬁ
- Figufe 7 is illustrative of a: further - B
step 1nethe fabrication of the marginless capacitor '
20  device, illustrating the severance into segments
of a capacitor preform; T |
Figure 8 is a diagrammatic illustration

- of a dicing operation whereby a multiplicity of



. material "‘may' conprise any of a series of mxes fromwhich the dielectric.

. of ehami'c capaC|tors is conventionally made. | Wthout |imtatie] the 15
§n1xture may conprise a bariumtitanate suspension wthin whick 25\ been -«
genb6a|ed Jdncrefments of organic pol ymeric material and plast y thei
‘ymssto facilitate its further processing while in the "greg ate. 20
Since the fornulatlons and processing into sheets of sel ect ed I ckness and.
~wdth of the green ceramic, per se, forns no part of the present invention,
ffun&her di scussi on thereof need - -12- not be undertaken. For ‘pur poses

- of reference, however, it mar be noted.ghat the- conpositions- intended for
“extruding or casting, as..referred to, are set forth in U S. Patents Nos..

. 3004, 197 and 5 '3235,939 and provi de suitable di el ectric. past e.

- conpositions for use in accordance with the nethod. of. the present
:inventionn

capacitor blanks are: dlrectly severed from the
stack of electrode-impr1nted green ceramlc sheets,
- o -'and”' o -
o 'nFigure'9 is-e croSs;eectionalfview
5  illustrating the severance iineé-for_dividingl'
| a-stack'of'ceramic eheets as depi;ted in Figure 3.
There is dlsclosed dlagrammatically in
Figure la sheet or layer 10 of green ceramic
material, said sheet compriSing an increment-of'
10,"';predeterm1ned length cut from a continuance strip,_
fas is well known in the art. The green ceramic
'material may comprise any of'a serles of mlxes
-from which.the.dielectric-of ceramic capacltorS'
' is conventionally msde. Without limitation, the
'>15 - ‘mixture may comprise a oanium fitenate suSpenSion
f,W1th1n which has been embodied.lncrements of organlc
polymerlc materlal and plast1c121ng the mass to
facilltate its further process1ng whlle in the
' “green" state. - | -
E 200 - Since the: formulatlons and proces51ng
inbto sheets of selected'thickness-and width of
'theféreen'cereﬂic;7g§gigg,'fonms noepart of the

present invention, further discussion thereof need



~.shown’i'n Figure 2,. the next. step in the fabrication of a capacitor is
o.deposit the 10 electrode formi ng conponents on a surface of the

sheet  10. Illustratively, three el ectrode nembers 11,.°12, .13 are

ed on the upper surface 14 of the ceranic sheet 10 by khown

&fues, such as screening or.sputtering, for 15. exanple. It wll be \vui
: w5t ood that the el ectrode conponents are applied to the ceranic sheet
+..10 in precisely oriented position relative to the margi nal edges of the
ceram ¢ sheet 10 so that 20 superinposition of a nultiplicity of ceram g
sheets 10 relative to each other wil42concom tantly orient or position the

el ectrode portions of the alternate layers. . The 'electrode pattern
enbodied in Figure 2 is illustrated and described by way of preferred
exanpl e. However, it will be readily recognized that other el ectrode

" patternings nay be ymde;ﬂgken. For purposes of reference,

however, it may'be noted that the. comPOSitions
- intended for extruding or casting, as referred to,
. are set forth in' U. S. Patents Nos. 5004 197 and
5 5235 939, and,provide suitable dielectric paste

H

compositions for use in accordance with the
method of the present inventionl
iusmminﬁmmé“memﬂsmpm
the fabrication of a capacitor 1s to deposit the
10 '-electrode forming components on a surface of the
‘ceramic. shset 10. Illustratively, three electrode
V'members 11 12, 13 are deposited on the upper
sur;aoe.14-o£.the_ceramic=sheet 10 by-known
techniques,;such_asiscreening or. sputtering, for
15 - example. _ _
| It will be understood that the electrode o
components are applied to the ceramic sheet 10
in precisely oriented pos1tlon relative to the
marginaliedges-of_theaceramic.sheet.10 so that “ :
20 s&perimposition of'a multiplioitylofIceremiccsneets
10 relative to each other will concomitantly orient
or position.the electrode'portions-of the alternate

_ layers.__

P



5 , .enployed. |I'n accordance with the |Ilustrated enbodi nent, the .

ele odes 11 and 12 are continuous strips. having the Iength or dlstance t
corre: spondi.ng to t he maj or transverse extent of the ceramic 10 sheet .
10; —thh the exception of end marginal portions 15, 16. The electrode 13%in

fﬂhe/11lustrated pattern is of a wdth W which is precisely oneg 'they”
“width W of the el ectrodes- 11 and 12. The 15 electrodes - 13
~are_offset by spacing margins or borders 17 'and 18.  The di§ v, :
'belgg.the |l ength of the €electrodes, is selected to conprlse a najor. -

mul t1ple of the anticipated width of the=Bmally fabricated capaerfor. By -
20 way of exanple, typically the distance L is about ten or nore tines -

t he ant|C|pated ultimate capacitor width. A plurality of ceramc sheets 10
‘bearing the electrode pattern as noted, are assenbl ed one

The electrcde pattern embodied in Pigure 2
is-illustrated_and'described by way of preferred
example.* | chever,tit will.befreadily“reccgnizedrl

- that other electrode patternings may be suitably

- 5 N employed. ' - '

| In accordance with the illustrated _

embodiment, the electrodes 11 and.12 are continucus
strips- having the length or distance L ccrresponding
to the major transverse extent of the ceramic

10 ' sheet 10, with the excepticn of end. marginal
porticns 15,  16. B

" The. electrcde 13 in the illustrated pattern
is of a width W, which is precisely one half ‘the
width ‘W' of the electrodes 11. and 12. The
15 . electrodes 11, 112,-13 are offset by spacing"-
' R margins;orfbordersa17'and 18, Théadistance L;M'
i being the length of the~electrodes;-is'selectedfs
_ - to ccmprise a maaornultiple of ‘the- anticipated
?'-': . width: of the finally rabricated capacitcr. By, -
| 20 . way of example, typically the distance L' is about
.ten or more times the anticipated ultimate’
_capacitor w1dth.--- o _
| A plurality of ceramic sheets 10, bearing dr

the - electrode pattern as noted, are assembled one



.+ 14-"atop the other,. as represented by the illustrations Figures. 3 and.

As will be apparent fromthe said illustrations, the stacking S

d in such nmanner that the el ectrode | ayers- al ternat e 5. « Wth

A | ayers. Additionally, the- half-wi dth electrode 13 of each e

fgt e 1 ayer -of the stack 19 is di sposed at an opposite edge of the o

/The thus stacked el ectrode bearing sheets 20 are. preferably overlaid

: —a cappi ng sheet 21. of 10 green ceramc free of electrode.. As

- will be apparent from Figures 4 and4Q, a series of capaC|tor preforns 22 -
may readily be fabricated fromthe stack 19 by renoving the end margins 15,

.16 and by severing the stack- al ong 15 cutting lines A, B, C D E and

~F. -~ The cutting lines A and F are positioned to coincide with the

l ongi tudi nal nargi nal edges. 23 of the el ectrodes 13 and renove the margins

24, 26. The @fomidihearthen, oas repgesertedubrartdie) dilustratidnshe. -

: Iongltudlnal Jmargi nal edge 25 of electrode 11 is of reater width than the
_border port EdEuSe et gpﬁgﬂ% outﬁﬁrHF} obPet g@nadheR th é&p%ft%¢ectrode 13.

sa1d 1llustratione the stacking is effected in

. such m_anner-- that 4he electrode layers. alternate _
5 | fwich ceramic layers. Additionally, the half-width S
' . | eiectrode.ﬁB"cf-eacﬁ.alternete,layer of the_stack 19
| iS-dispoeed at an opposite. edge of the stack.
The thus stacked electrode bearing sheets 20
are preferably overlaid w1th a capping sheet 21 of
'i.1oc : e.green ceramic free of electrode._
As will be apparent from Figures 4 and 9,
' '*aeeeries of capacitor preforms 22 may readlly-be
. 'fabricated,from the stack. 19 by'removing the end
: marglns 15, 16 and by severlng the stack along
15:T-' cutting lines A, B, C, D, E and F. -The_cuttlng
" lines A and F are positioned to coincide'with the
> lcngimdinal- marginal -edges 23 . o:f.‘._ t}:i_e ‘electrodes
13 and remove the marginsg 24, 26.
B | _ - The. border portion: or. margln 24 outwardlyf e~
IT_QG:] . of the longitudlnal margmnal edge 25 . of. ‘electrode 11
| is of greater width than the border:portlon or
. margin 26 outwardly of the margiﬁ 2% of electrode 13.



-15- By:virtue of this differential spacing, it will be apparent
part’“hlarly froman inspection of Figure.9, that the cutting lines A and F
expose7along the cut lines, the marginal edges 23 of 5 el ectrodes .13
but he mar gi nal “edges' 25 of el ectrode 11 are recessed a distance i nwardl L
ot~thé lines A and F. Cutting line B is positioned substantially cen 3
bet ween the hal f-width electrode 13 and 10 the adj acent electr
As |s_evident from Figure 9, the cut formed at B will result in tHie
expasure at the fornmed edge,.of edge pmwgiww'of alternate | ayers
el ectrode 11 but will pass through the border 18 between el ectrodes
13: 15 It. wll thus be seen that the capacitor preform 22 has exposed
al ong the opposed | ongi tudi nal margi nal edges thereof edges of the .
el ectrodes of each alternate layer. In simlar fashion, the cuts C D and E .
By virtue of this differential spacing, it will

be apparent; particﬁlarly'from an inspection;
of Figure 9, that: the cuttingnlines A{and_F expose
-along the eut_lines,.the»marginai‘edges-25-of-
5 electrode3“43-but the marginal;edges 25 of eleCtrode
11 are recessed a-distaoce inwardly of the lines
A and F. | | | _'
Cutting line B is_positioned substantielly'
Ceﬁfrally'between the half-width-eleetrode 13 and
10 _ithe adjacent electrode 12. ~ As is~evident from. -

. Figure 9, the cut formed at B will result in the
-exposure at the. formed .edge, of edge portions of _
talternate;layers of the electrode;ll-but-will.pass'
throush-the border 18 between electrodes 42-and 13,

15 - - It will thus be seen that the capacitor
preﬂorm 22 has exposed along the. opposed longitudlnal
| marginal edges thereof edgee of the.electrodes
~of each altermate layer. .
*'_ ._' R ~{-a:In;éimilarafashions'the cuts C, D aﬁd;E
| 20 swili.seventfrom thenblockgcapacitorgpreforms'22,
all of which capacitor~prefoﬁms are essentially
identicallin“all respects.
‘It will be recognized by those skilled in

the ert'that the electrode patterning procedure



.20 “wi I'l" severfromthe bl ockcapacitor preforms 22, all of ‘whi ch capaci tor
preforns are essentially identical in all respects. It will be'recognized
nby taese skilled in the art that the el ectrode patterning procedure - 16-

(d by way of illustration is but one of many possible él ectrode ~
ar Wents. Referring-nowto Figure 7, it will be perceived that as a ~ =/
res of the steps heretofore 5 noted there is provided a capacitor

preform 22 having a first set or series of electrodes H having their

el ongat ed margi nal edges 28 exposed at edge 30 of the preformand a secongs-
set or series of electrodes H havimg.their el ongated 10 nar gi nal edges
29 .exposed: at edge or side 31 of the preforn1 The succeedi ng operations in .
accordance with the nethod are intended to fabricate fron1the preform 22
and froma similar batch of preforms,

described by way of illustration is but one of
many-@ossible.electiodetarrangements;

Beférringshow.to fisure 75 it willube

L]

| '-_pérceived-that as a result of the steps heretofore
-5 -noted-thefe.iS'provided a capacitor preform 22
having a first set or series of electrodes H
having their elongated marginal'edgéS“as'exposed
at edge 30-of'the pﬁeform and a second set or
‘series of electrodes H' having their elongated
'  50 - marslnal edges 29 exposed at edge or side 31 of
. the preform. o .
'-'The“sﬁdceeding Qpérations ih_accord&nce=
. with‘thé=metﬁod are intended td fabricate from the
. | prefdrm'22.and from a similar batch of pieforﬁs,
15 ~ completed capacitors:preferably having values which
"closely approach'a-preselected.br predetermined

value.

2]

. In accordance with aﬂpreferfed methbd;?an
iﬁcrémentaorrséctiOn”55fis severedffrom.theupreforﬁ-
“20:_. 22, fbruexampleualongjsewerancéfline-52, perpendicular
toéthe marginal edges 30, 31 of the.preform.and-
perpendicular to the surfaces of the ceramic

and electrodes.




15 . conpléted capacitors preferably having val ues which cl osely approach
a preselected or predeterm ned value. In accordance with a prefer

ne;hcd an-increnent- or. section 33- is severed: fromthe preform2g 22,

f oti.exanpl e al ong severance |ine 32, perpendicular to the margi dges.- v’
36‘ 31 of the preform and perpend|cular to the surfaces of the & -nic:amd!v
el ectrodes. -17- The increment 33, ‘which is shown diagrammati- cally in’

.

Figure 5, may next be fired-and term nated i n conventional nanner and
subjected to a capaci tance rreasurerren1 as further diagrammatically
illustrated 5 I n accordance with F'éﬁre 6.. In such. figures, the

el ectrodes H have been electrically connected to termnation |ayer 34
whereas el ectrodes H are electrically connected to termnation |ayers 35.
The firing and. application of term nations 10 to the exposed el ectrode

ends constitute procedugﬁé increment 33, which is shown diagrammati-
cally in Figure 5, may*nert*be fired:and-terminated
..'-.' - _'_in conventional manner'and:subjected'to a capacitance
| measurement ‘as further. dlagrammatically illustrated
-5 : in accordance with Figure 6. . In such_flgures,-
the electrodes H' have been electrically connected
rto;termination layer 34 whereas eleotrodes_H are
--electrically'connected.to-termination layers 35.
| The flring and. applicatlon of termlnatlons
- 10 f"to the. exposed electrode ends: constitute procedures;
.'-:_well known per se and form nolpart.of_the;present
:invention; - - | | a | ,
It will be understood that the capacitatlve -
value of the terminated device 36 is a function of
‘15  the overlapping area of the”electrodes H,3H .
| Since the lengthwise dimension 37 of the increments
i - 22 is a constant, it will be understood_that the |
.capaciti#e;value-isaaffunction.directly of the
width'38.of-thefincremEntfiiysevered from the
20 préforqua._ .It;is;accordingly possible. to achieve
" a desired capacitancelwithin a range by measuring
the capacitance_of the finished;capacitor-56'and.then
adjusting the width 38 of the cuts to be formed in



I'l" ‘known per se and formno part of the present invention. It will be
Gﬁgerstood that the capacitative value of the term nated device 36 is a
\uﬁctlon of 15 the overl apping area of the electrodes H, . H ..'Since the

hwi se di mensi on 37 of the increments 22 is a constant, it’ mnll be = 7
tood that the capacitive value is a function dlrectly of the width 38“““
‘f ‘increnment 33 sevéred fromthe. 20 preform22. It is .accordingly
st'bl e to achieve a desired capacitance within a range by neasurihg the «
capaci tance of the finished capacitor 36 and.then adjusting the width 38 aé-
the cuts to be forned in -18- thelBreform 22 as a function of the
desited end capacitance. Further, since the. dielectric constant of a given
batch of dielectric material after 5 - firing will virtually be unchanged
throughout the entirety of such batch, it is feasible to produce °

the preform 22 as a function of the désired end

fcapacitance. .
' Further, since the. dielectric constant :' s
~of a given1batch of dielectric materlal_after- | |
5 firing'will-virtﬁallj be-unehanged.tyrqﬁghout’the
- entirety cf'eﬁch'batCh;fit.is.feaSible'tc_produce
capacitors*frdm-the~preforms 22-which:arelvirtually -
identlcal in value and conform to a preselected
value by adausting the dlmen51on 38 as a function
15-'; of the measured capacitance ‘of ‘the capacitor 36 |
| -'Accordingly,“the'cther prefcrms from-a given batch
of green ceramic and formed in the manner herein—
above defined may be severed along parallel planes .
59, 40, 41, 42,-43, 44, 45, to provide increments
45 - havins'predlctable'prefermined'capacitance value':
_ after firing. o | |
| The 1ncrements are fired. and termlnated and. . o z

thereafter*glazed in accordancevw1th~known practace.

at

It will be observed that - the result:
.éo'-' capacltors are “marglnless" as" herelnabove deflned
It will be readlly recognlzed-from-the
- foregoing description that various alternatlve

l'means of produclng marginless capacltors from the



capaci tors fromthe prefornms 22 which are virtually identical in value and

conqun1to a presel ected val ue by adjusting the dinension 38 as_a

10 &> of the measured capacitance of the capacitor 36. Accordifg

other preforms froma given batch of green ceram c and forned )

hstelﬁ- above defined may be severed along.parallel planes 39, = 41, 424

43, 44, 45, to provi de increments 15 havi ng predictabl e prefernlned .

capaC|tance value after firing. The inerenents are fired and terninated and
Q?gafter gl azed in accordance with known practice. It will be observed

thal” the result 2GtackaRaiiXl eudilysuigesissthemsdbves haty ewalpf ofied.

It will be readily recognized fromthe foregoing description that various

al ternatiwve neanseﬁamplkhuhhq;enuqydﬂagﬁammqtnnalix iIbasthated tnack 19

Wil | readlly suggest thensel ves By way of exa there is

di agranmati cal | y iRiguxte & el dmihggmeacliaralmgr gvmmamemdlesm l@qrder

I ncl udes a border
: or frame 47'and an internal series or grid ofﬂvarlably._

Vi

.5 - spaceable cutter knlves 48, ,49." The perimeter*of the
e border 47 is sized to correspond with the external
« _“ ' ' | 'dlmen31ons of the stack 19 or of the marglns of the

. outermost electrodes thereon.

10 - . The knives 48,49, of which at least the knives 49
are. preferably . adjustably spaced, ‘function
77Q"31multaneously to form lncrements 33 from the stack 19

n:i“w1thout*theanecess1ty?fcr provldlnggan'intermed1ate =

~ preform: 22.

15 | -
The.adjustment of‘the.knives-49 iS'preferable
-effected. for. each betch~in:acco;dance with the
icapacitancetccnstant.derived, as illustrated'in Figure |
- 6, as a resulttof“severihg“a single increment'from a
" .J20_..;-”eample'stack.19-or“preform=226fcrmed_from that-batch;

. Numerous other variations on the

'finishingéto-Value steps may be made.



or frame 47 and an internal series or grid of variably 5 shaceable cutter
- Knives 48,49. The perinmeter of the border 47 is sized to corrfespond wth

{%.he~external dinensions of the stack 19 or of the nargins of the outernost .
g/ odes-thereon 10 The knives 48,49, of which at-least the . =~ ..
{ f?ﬂglare preferably adjustably spaced, function sinultaneously to T e
¥ {icrements 33 fromthe stack 19 :.without the: necessity-for providing

an-intermedi at e preform 22 15 The azipust ment of the knives 49 is preferably
effected for each. batch in accordance with the capaC|tance const ant -
derived, . as |IIustmmnnitherﬁqxﬂgnfngastaw:bkube afideestoodgthasti ngl e

i ncrement froma 20 - sanple stack 19 or preform 22 formed fromthat

bat ch. Nuneromﬁenéuﬂs\Rﬂd?ﬂdeﬂuacMﬁtthf¢n|mhthgd$ofvalue steps may be

made. - 20- Fromthe foregoing it wll be understood that
L N manufacturlng marginless.. capac1tors, preferably to

_.value, whlch-el;mlnate wastage of the ceramic and
5 '_ _Qélectrode material. and which produce  capacitors of théz

sméllest_possible size for a given capacitance value.

In accordance with the method it is feasible to
obtain’capaeitors to close tolerance without resort to
10 .. wasteful, expensive and labour-intensive methods

'heretofore.employed~for'Such purpose, namely,

v e g .
el SRR KL,



t here i.s provided a nethod or nethods for nanufacturlng

narqf%less capacitors, preferably to .value, which-elimnate mastage of the
ceranlc and 5 . el ect.rode material and whi'ch produce capacitors of the-
: 1-gst possi ble size for a given capaci tance value In accor.dance w
ﬁe fod it is feasible to obtain capacitors to close tol erance withog
resort to 10 wast ef ul , . expensive-and | abour-intensive methodg
her et of ore enpl oyed for such pur pose, nanely, -21- fabricating ag
oveg;5|ze capaci tor and subsequently renQ%Lng i ncrenents of ceram c and
el ectrode while- nonitoring the progressi decreasi ng capacitance- of
i-ndi vi dual capacitors. -22- CLAIMS 1 A met hod- of making a

mar gi nl ess. nulti-Iayer ' S o .

fabricating an over-size capacitor and subsequently
removing incrementslof“ceramicﬁand electrode while
| monitoring the progressive decreasing capacitance

of individual capacitors.

W



ceram c capacitor -conprising the.steps of formng a 5 . plurality of
_sheets. of green ceramic, depositing on' each of said. sheets an el ectrode
pattegn conprising at |east.one el ongate, rectangular, continuous strip of

T elefO\ddé material, the length of said strip being a major - nultiple of the™
'iﬁﬁrﬁﬁé¢fe ‘el ectrode width of a 10 fini shed capacitor, superinposi:ng d"
plurality of said el ectrode bearing sheets to forma stack having-alternate-
paral l el "l ayers of electrode and ceram c, such that the |ongitudinal edges.

of the electrode strips of alternate sheets are in. alignment and the 15 -

" longitudinal edges of the el'ect2@e strips of adjacent sheets are in

staggered rel ation, severing increnenets of said stack perpendicular to the
| ength of said electrode strips- along severance lines, each said

"severance-line defining the borders of. two ‘adj acent 20 : mar gi nl ess
capacitor bl anks, and firing and terninating. sai-d capacitor: blanks - 23
- 2. The nethod in accordance mnth Claiml. and ' -

: | . .CLAIMS
1. . A method of’maklng a marglnless mult1 layer

.)

' ceramlc capac1tor comprlslng the steps of formlng a
5 - plurallty of sheets of green ceramlc, ‘depositing on
each of.sald;sheets an electrode pattern compr151ng at
-least~ene eléngate, rectangular, continuous strlp of
felectrode material; the length of said-strip being a j;
: major mnltiple of the.prejeeted.eleetrode.width.of_a
10 fj-'Vfinishedrcapacitor,5su§erinpcsin§la:plurality of'said
“electrode bearlng sheets to form a’ stack hav1ng
alternate parallel layers of electrode ‘and ceramic,
- . such that the longltudlnal-edges of the'electrode:
-strips of alternateesheets-arerinralignment and the .
15 tj 1Qngitndinal~edges of[the electrode-stripsﬁof'adjacent
o sheets-areuin-staggered-relation,-severing incremenets
r“of said: stack perpendlcular to.’ the length of said
' electroée~str1ps along: severance llnes, each saiad
-severanceelrne.deflnlngjthe;borders of:two.adjacent :
20 - marginless-capacitor'blanks, andafiring and

terminating said capacitor blanks.
. g”' N .

* ¢ L M s



i ncl udi rig-the step, of severing a first measured increnment from said stack,

firing and term.nating said first increment, neasuring the capacitance of

sai¢g5 . fired and terninated increnent, and thereafter severipgythe>"

reﬁalnder o.f said stack al ong spaced . transverse planes, the so;ﬁﬁf
U

sahd'baanes bei ng adjusted as a function of the capaci tance of s
and termnated. first-increnent, thereby to 10: provi de capaci
predj cted desired value. *.i . 3. The: ‘nmethod of making a
margi,nl ess nulti-layer capacitor conprising the steps of formng a
plurality of sheets of green ceram(23dep05|t|ng on each of said 1.5
sheets an el ectrode pattern conprising.a plurality of elongate spaced
paral l el rectangul ar continuous strips of electrode material, the length of
each'strip being a major. nultlple of the projected electrode width of a .
fini shed capacitor superinposing a plurality-of said 20 el ectrode
bearing sheets to form a stack haV|ng .alternate parallel |ayers of

el ectrode and cépanlc I11&&IMﬂmquJHMJaqggﬂﬂauggjﬂllhl@lélm 1 and

-1nc1udlng ‘the step of - severlng a first measured
anrement-from.sald stack, firing and termlnatlng'said-
- first increment, meesﬁringuthe éapacitence:of;Said'
5 . fired an&-terminaﬁed'incpement, and thereafter'
| severing_thefremaindef offsaid“steck along speéed.
- transvefse §lanes;_the:spaeing'of'said'plenes being |
f.adquted;es}e,fﬁnctionuoﬁ1thefcapecitaﬁce-of eaid-
-fired ana;tefﬁinated«fireteinerement}ethereby'tof

~EIOTef-_rprqvide¥capa¢itprSgofnpredictedfdeSi:edjvaiued7

e 3§e_*;-"The:mefho&“of'makihgIe?marginless:muiti-leye:wf
ugcepaeitorhcomprising'the*sﬁepesofeforming.a.plurality:;
-_*effeheets'o£$greenlceramic; depositing on each of said

4515[31:-;sheets.anaeieetrodempetﬁerp'comprisiﬁg"a.pluralityedfi
elongate epaced parallel-reCtenguiar continuous strips
.ﬂpfielectrode*mateniaif;the;leﬁgthuof eeehfstti§5being'g
i-armaj6;4mﬂitiple:0f;thevprbjeetedfelectrode.Widtheef'a-
'ﬁfinishedwéaéecitotfsupetfmposing'ajplu:ality:Of-said
20 -electroderbéaring-sheetsetp-form a stack having

-alternate parallel IaYerSFefﬁelectrode~andﬂceramic;

AR R O



-24- such that the IOngitudinaI.edges of the electrode strips of alternate
sheet s adjacent one of' the |ongitudinal edges thereof are.in alignment and
{fhe Iongltudlnal edges of the, el ectrode strips of’ adj acent 5 - St sheets:

Rshi p, severing the stack: along spaced parallel planes parallel to
h of said electrode strips to define a plurality of elongated
anks, .each having-the 10. - longitudinal edges of .the el ectrode
strips of alternate sheets along one |ongitudinal. edge of the el ongat edw
stack blank in alignment. and ex@dsed and the |ongitudinal edges of the
“electrode strips of adjacent sheets along.the other |ongitudinal edge of
the 15 . elongated stack blank in staggered rel-ation, severing increnents
of said -elongated stack bl ank transversely of ‘the | ength thereof to define
at each said. severance line the borders of two adjacent narginless

.gﬁgﬁﬁg?prfbg&ggstg g tLeng%gf¥y%1£§£né]éegmkgaégecgfggLigée
S stiips'of alternate-sheetsvadjacent oneaof the
: longltudlnal edges thereof are in alxgnment and the
longltudlnal edges of the electrode str1ps of adjacent
5 . sheets adjacent the other longitudinal edge of the-
;'sheetssare;ln.staggeredurelatlonshlp, severlng the-
_stack along spaced. parallel planes parallel to the
length of sald electrode strips: to deflne a- plurallty
| of elongated. stack blanks, each hav1ng the
10 :'longltudlnal edges of. the electrode strlps of.
-alternate-sheets along;one longltudxnal;edge.of thec
_elongateojstackcblankfin.alignment_and.eiposedhahd~the -
:longitudinal.edges“ofuthe-electrode:striPS'of adjacentg
- sheets along-the~othefhlongitudinailedge-of the
15 ; elongatedeetack-blanksin:staggered.relation;-severino
| increments of said elongated stack blank transversely
- of the length thereof to deflne at:-'each. said’ severance.
'11negthe;bordensrof;twogaﬂaacent*margtnleSSfcapacr;or
bianksyhand*fifing.andatefminatingvsaidwcapacitor

20 blanks.

[T

- the ot her Iongltudlnal edge of the sheets are in staggered ~\J

w



4. ‘A net hod, of making a narginless nulti:layer capacitor conpri si ngx he
steps of formng a plurality of sheets of green ceranmic, depositing
of sald sheets an el ectrode pattern conprising a pIurallty of 5
eLen ate spaced;. parallel, rectangul ar, continuous strips of elect >
‘walgral, the Iength of each strip being a major nultiple of the proJected
.eleé%rode wi dth of a finished capacitor, the width of the el ectrode strip-
adjacent one of the |ongitudinal edges 3§ - of the sheet being
QE?X|nately one half the width of the- other electrode strips on the
she superinposigg a p'Nrﬂétﬁdd06fSﬂaﬁlﬂgeatmaﬂglbhassngquéelayen form:
a stack having alternate parallel |ayers of electrode and ceramc, wth the
hal f-wi dt h el ect r oslgpa¢itor beompr iSing theostepsnefl fbrmingt 8l pludpidsmt
eachof the longitudinal edges of the stack, such that the |ongitudinal
edges of the eIectmﬁdsheetspefoﬂrecnecﬂaanlsheéeBOalblng eni gasbnefafaidne
| ongi tudi nal edges of the el ectrode- strlgs of adj acent sheets are 20
i n-stagger ed rel at$heetscanrelectredetpakt eépoﬁﬁmBEhééﬁgparEFPEPle¥n8§

substantial ly: nldmaf of the space. between the half-w dth- elecgrode -strip
and the nekt ongate spaced,. parallel, ‘rectangu. ar, con inuous

strips of electrode materlal, the 1ength of each strip
¥ ) - Seing a major multiple*of the projected‘electrode
~ width of a finished capacitor, the width of the
electrode: strip adjacent one of the longitudinal edges
.'10_ - of thevsheet.beihgﬁapproximately one half“theﬁwidth of
':the-otheraelectrode stripsdon~thefsheet,-superimposing
: a=p1ura1ity~of said . eiectrode bearing-sﬁeets-to formra.
stack having: alternate parallel layers of electrode
- and ceramic, ‘with the half-w1dth electrode strlp belng
'15. . positioned alternately adjacent each of the
' longitudinal edges of the stack, such that the
. longitudinal edgesldflthe-electrode"strips-cf*. |
. alternate sheetsvaredihfalignmenttand:theilongitudinal
edges of the electrode: strlps of adjacent sheets are -
20 - in staggered relatlon, severlng the stack -along spacedt
parallel planes-substantlally-mldway=of the space |

“between’ the half-width electrode strip and the next

/
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* 26-- adj acent electrode strip and midway of the full wdth el ectrode strip,
' Qe a plurality of. eIongate stack bl anks, each having.the

ongf \ nal edges of the el ectrode strips of al t érnat e sheet s ‘al ong one
Fongi i\nal edge of the elongated.. stack blank in alignnent and exposed< =,
r ongi tudi nal edges of the'electrode strips of adjacent sheets in ?éﬁJ_

Y€d relation, severing increments of each of said el ongated stack
banks transversely of the length.102¢ - thereof to define at each said -
severance |ine the borders of two adjacent nafginless capacitor blanks, aQet

“ firing and terddjiddny shickcodacst ¥ip bavdknidbay of tHeefakiheddith

accordance with Caim4 wherein 15 the el ectrode patterns are forned .
on each. sheet electrdde Etsipreb fdefime | atprueabibsyt 0fr eddbngatdef i ne
margins,. and the stack is severed to renpve such margins to expose the '
edges of the<§t§nkchk§nk§rteﬁchwhatﬁnsatmelb@ggltuﬂhaalsedgps of el ectrode
material, 20 and to expose the |ongitudinal  edges of the
.~ . the electrode ‘strips. of alternate sheets along one.
5 °  longitudinal edge of the e_longated.. stack blank in
-alignment and exposed and the longitudinal edges of
' _the:electrbde strips of adjacent sheets in staggered
frelation}gsevering'increments.of each of said
“eloﬁgated'stackvbanks transversely of the length
10 theredf to;define'at'eech.said.severance line the

bordefS:of'tWO'adjacent marginless capacitor blanks,

‘and firing and terminating said capacitor blanks.

5. 'ﬂ"The-methoduin;accofdahce.with.Claim 4'wherein'
15 - 'théfelect:ode.patternsra:evformedfonveachrsheet_sp as’
Qto-befSPaced:ftom allfthe_edges'thereof to: define
margins,. and*ﬁhe-stack:is severed to remove such
margins to.equse=the.edges of;the eleCtrqdeé-at the
endﬂofeSaid longitudiﬁal Stripé~ofveiectrode;ﬁaterialy

20 . andetbﬁexppse*theslongituainal'edges of ‘the
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Theﬁqethod in-accordance with Claim4 wherein 5 . the steps of.
parfaliel to said |ongitudinal edges and severing increments of said\

_aqé sagrled out’ simul taneously. 7. . A net hod: of making a marginl ess
w10 | ayer capacitor and capacitor produced thereby and
substantlally as herelnbefore described with reference to t he acconpanylng
-drawnngs : L

N

227 hal'f-wi dth electrodes adjacent the side edges. of sai d sheets. gg;éiL
ng

- 27 -

half-wzdth electrodes adjacent the 51de edges of " sald

R B _v,6;f-;.' The method_insaccotdahde'with Claim 4 wherein
5. .  ‘the steps of severing parallel to said longitudinal
L . o P A
. edges and severing increments of said stack are carried

;o&t.simultaneduslyi ”
,m_7L'f A method of maklng a margznless multi-
10f_.'”'layer capac1tor and capac1tor produced ‘thereby and

'wsubstantlally as herelnbefore descrlbed with reference

to the accompany1ng draw1ngs.
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