
"METHOD OF MAKING MARGINLESS MULTI-LAYER CERAMIC CAPACITORS"    DESCRIPTION
The present invention relates to.. a method. of 5      making marginless
multi-layer ceramic capacitors. The use of multi-layer ceramic capacitors
is progressively increasing.. In order to minimize the volume, it. is
highly desirable that ceramic capacitors 10      have a maximum capacitance
per unit area.. Additionally, with the high cost of dielectric materials
typically employed, e.g. ceramic materials having high dielectric
constants, such as titanates, zirconates, stannates of the alkali earth
metals, e.g. 15      calcium, barium, strontium, and titanium, it is
desirable to minimize the quantity of dielectric material employed. A
further desideratum is that the capacitors 20      fabricated in. a given
run may be manufactured to have a predetermined desired capacitance value
with minimal variations. 



The methods heretofore used in the fabrication of multi-layer. ceramic
capacitors have    -3- been deficient in various aspects.    More
particularly, they have resulted in the production of capacitors having
less than optimal capacitance to area ratio. Additionally, as will be more
fully set forth herein- 5       after, the typical practice has been to
fabricate capacitors of a value somewhat higher than necessary for a given
application and thereafter erode the capacitors while measuring capacitance
variations, to reduce the capacitance to a desired lower value. 10
By way of example, reference is made to U.S. Patents Nos.. 3456,170 and
3394,386. Obviously, the fabrication of an over-size capacitor and the
subsequent erosion thereof are wasteful of materials and labour and also
result in 15      the production of a capacitor whose overall dimensions
are larger than required. In accordance with typical manufacturing 



procedures for multi-layer ceramic capacitors, as exemplified for instance
by U.S. Patents Nos. 20      3235,939, 3992,761 and 4008,514,. the prior
art methods for manufacturing ceramic capacitors have resulted in the
production of over-size capacitors for the reason that such methods involve
the    -4- imprinting on the ceramic material of a multi- plicity of
discrete increments of electrode surrounded by uncovered areas or borders
of ceramic.   Plural sheets bearing the multiple 5        electrode pattern
are placed in registry and the resultant stack is punched or otherwise
processed to sever capacitor blanks by cuts extending through the borders.
The fabricating method described and 10       resultant produce are
disadvantageous in many aspects, including the waste of ceramic inherent in
providing borders between electrodes and the fact that the overall
dimensions of the finished 



product are enlarged by the size of the border 15       material remaining,
and that with a given ceramic body area, the electrode material does not
cover the entire area, so that the resultant capacitance is not maximized.
To: summarize, the prior art methods used .20      in the fabrication of
multi-layer ceramic capacitors have heretofore involved imprinting of
relatively large sheets with a multiplicity of discrete electrode patterns,
superimposition of such sheets,    and severing of the sheets in the margin
areas or borders between electrode patterns, thereby providing capacitors
which have. larger than necessary bulk due. to the surrounding ceramic
borders, and by reason of 5       such borders do not maximize the possible
capacitance of the unit, and for the same reason employ in their
fabrication.larger than necessary quantitites of expensive ceramic
material.. .10       .Where close electrical tolerances are required, it
has been necessary to manufacture -the ceramic 



capacitors oversized :and. thereafter:: reduce the capacitance value to
achieve a unit having  acceptable tolerance .levels. 15 According to one
aspect.of the invention there is provided a.method of making a marginless
multi-layer ceramic capacitor comprising the steps of forming a plurality
of sheets of green ceramic,.depositing on 20      each of said sheets an
electrode pattern comprising at least one elongate, rectangular, continuous
strip of electrode.material, the length of said strip being a major
multiple of the projected electrode width of a finished capacitor,
superimposing a plurality of said    -  5A- electrode bearing sheets to
form a stack having alternate parallel layers of electrode and ceramic,
such that the longitudinal edges of the electrode strips of alternate
sheets are in alignment and the 5       longitudinal. edges-of the
electrode strips of adjacent sheets are in staggered relation, severing
increments 



of said stack perpendicular to the length of said electrode strips along
severance lines, each 'said severance line defining the borders of two
adjacent 10      marginless capacitor blanks, and firing and terminating
said capacitor blanks. According to another aspect of the invention there
i's provided a method of making a marginless 15      multi-layer capacitor
comprising the steps of forming a plurality of sheets of green ceramic,
depositing on each of said sheets an electrode pattern comprising a
plurality of elongate spaced parallel rectangular continuous strips of
electrode material, the length of 20      each strip being a major multiple
of the projected electrode width of a .finished capacitor superimposing a
plurality of said electrode bearing sheets to form a stack having alternate
parallel layers of electrode and ceramic, such that the longitudinal edges
of the 25      electrode strips of alternate sheets adjacent one of    - 5B
- the longitudinal edges thereof are'in alignment and 



the longitudinal edges of the electrode strips of adjacent sheets adjacent
the other longitudinal edge of the sheet are in staggered relationship,
severing 5       the stack along spaced parallel planes parallel to the
length of said electrode strips to define a plurality of elongated stack
blanks, each having the longitudinal edges of the electrode strips of
alternate sheets along one longitudinal edge of the 10      elongated stack
blank in alignment and exposed and the longitudinal edges of the electrode
strips of adjacent sheets along the other longitudinal edge of the
elongated stack blank in staggered relation, severing increments of said
elongated stack blank transversely 15      of the length thereof to define
at each said severance line the borders of two adjacent marginless
capacitor blanks, and firing and terminatng said capacitor blanks. 20
According to a further aspect of the invention there.is provided a method
of making a marginless multi-layer capacitor. comprisingthe 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, rectangular, continuous
strips of electrode material, the length of    -6- each strip being a.
major multiple of the project electrode width of a finished capacitor, the
width of the electrode strip adjacent one of the longitudinal edges of the
sheet being approximately one half the 3      width of the other electrode
strips- on the sheet, superimposing a plurality of said electrode bearing
sheets to form a stack.having alternate parallel layers of electrode and
ceramic, with the half-width electrode strip being positioned alternately
adjacent 10      each of the longitudinal edges of the stack, such that
.the longitudinal edges of the electrode strips of alternate sheets are in
alignment and the longitudinal edges of the electrode strips of. adjacent
sheets are in staggered relation, severing the stack along spaced 



15      parallel planes substantially midway of the space between the
half-width electrode strip and the next adjacent electrode strip and midway
of the full width * electrode strip, to define a plurality of elongate
stack blanks, each having the longitudinal edges of 20     the electrode
strips of alternate sheets along one longitudinal edge of the elongated
stack blank in alignment and exposed: and the longitudinal edges of the
electrode strips of adjacent sheets in staggered relation, severing
increments of each of said 25      elongated stack blanks transversely of
the length    - 6A - thereof to define at each said severance line the
borders of two adjacent marginless capacitor blanks, and firing and
terminating said capacitor blanks.    The resultant capacitor, as is
conventional, may thereafter be surrounded by a protective insulating 



coating, such as a glaze. 5            As will be perceived.' from the
preceding description, practice of the method results in the formation of a
capacitor which is essentially . marginless.  The term "marginless" as used
herein is intended to relate to a construction in which the- 10
..ceramic dielectric components of' the capacitor, at the end edges
thereof, i.e. the edges which extend between the-side edges which carry
terminations, are essentially coterminous with the marginal edges of the
electrodes,. whereby substantially all of the area of 15.     the capacitor
may be utilized to add to the capacitance value of the resultant unit. Thus
a "marginless" capacitor is one which all four edges of the capacitor-
include exposed 20      electrodes, although only -alternate electrodes are
exposed at the .side or termination edges. In accordance with a variation
of the method, marginless multi-layer ceramic capacitors    -8- 



are produced within close tolerance ranges without the necessity for
post-formation capacitance adjust- ment, by forming a stack of sheets of
material as described, i.e. alternately registering layers of 5   electrode
and ceramic, the electrodes being elongate as respects the ultimate width
of a given capacitor, and with alternate electrodes being exposed at each
side edge,, severing an increment from the stack in a direction at right
angles to 10    the direction of elongation, firing and terminating the
test increment   thereafter measuring the capacitance of the fired and
terminated test increment,. correlating the measured capacitance value with
the dimension of. the severed increment, 15     and thereafter adjusting
the dimension of increments severed from the remainder of the stack, as
well as from additional stacks manufactured from the' same green ceramic
batch, in accordance with the desired capacitance value 'of the finished
products. 20              In this manner it is possible to derive
capacitors having values closely related to a preselected value. As will be
more fully understood from the 



ensuing description, numerous variations and    - 9 - refinements may be
effected. in the process. without departing from the.underlying principles
thereof, such variations including the provision of a plurality of
lengthwisely extending electrodes 5     on each of the ceramic layers, and
the cutting of the resultant stack in directions parallel with the axis of
elongation of the electrodes as well as perpendicular thereto, the use of
gang. cutting or dicing devices for simultaneously 10    separating a
multiplicity of increments from the electrode bearing stack,, the
adjustment of a. gang cutting or dicing device in accordance with the value
of an increment 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 batch to
batch), the cutting of discrete increments from a fired 



electrode-ceramic block in directions perpendicular 20    to the axis of
elongation of the electrodes, etc. The invention will now be described by
way of example only with particular reference to the accompanying drawings
wherein:    _10- Figure 1 is a perspective view of a sheet of green ceramic
prior to application of an electrode pattern; Figure 2 is a perspective
view of the 5      sheet of Figure 1 with a representative example of an
electrode pattern formed thereon; Figure 3 is a perspective view of a stack
of the sheets shown in Figure 2; Figure 4 is a perspective view of an 10
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



15     a further step in the manufacture of a tolerance- adjusted
capacitor, being the measurement of the capacitance value of the increment
of Figure 5; Figure 7 is illustrative of a. furthe.r step in the
fabrication of the margialess. capacitor 20     device, illustrating the
severance into segments of a capacitor preform; Figure 8 is a diagrammatic
illustration of a dicing operation whereby a multiplicity of    capacitor
blanks are directly severed from the stack of electrode-imprinted green
ceramic sheets; and.. Figure 9 is a cross-sectional view 5     illustrating
the severance lines for dividing a stack of ceramic sheets as depicted in
Figure 3. There is disclosed diagrammatically in Figure 1 a sheet or layer
10 of green ceramic material, said sheet comprising an increment of 10
predetermined length cut from a continuance strip, as is well known in the.
art.  The green ceramic 



material may comprise any of a series of mixes from which the dielectric.
of ceramic capacitors is conventionally made.   Without limitation, the 15
mixture may comprise a barium titanate suspension within which has been
embodied. increments of organic polymeric material and plasticizing the
mass to facilitate its further processing while in the "green"' state. 20
Since the formulations and processing into sheets of selected thickness and
width of the green ceramic, per se, forms no part of the present invention,
further discussion thereof need    -12- not be undertaken.   For purposes
of reference, however, it mar be noted that the- compositions- intended for
extruding or casting, as. referred to, are set forth in U.S. Patents Nos..
3004,197 and 5    3235,939, and provide suitable dielectric paste.
compositions for use in accordance with the method. of. the present
invention. 



As shown in Figure 2,. the next. step in the fabrication of a capacitor is
to deposit the 10   electrode forming components on a surface of the
ceramic sheet 10.   Illustratively, three electrode members 11, 12, 13 are
deposited on the upper surface 14 of the ceramic sheet 10 by known
techniques, such as screening or.sputtering, for 15   example. It will be
understood that the electrode components are applied to the ceramic sheet
10 in precisely oriented position relative to the marginal edges of the
ceramic sheet 10 so that 20   superimposition of a multiplicity of ceramic
sheets 10 relative to each other will concomitantly orient or position the
electrode portions of the alternate layers.    The 'electrode pattern
embodied in Figure 2 is illustrated and described by way of preferred
example.    However, it will be readily recognized that other electrode
patternings may be suitably 



5       employed. In accordance with the illustrated embodiment, the
electrodes 11 and 12 are continuous strips. having the length or distance L
corresponding to the major transverse extent of the ceramic 10      sheet
10, with the exception of end marginal portions 15, 16. The electrode 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 margins or borders 17 'and 18.   The distance L,
being the length of the electrodes, is selected to comprise a major
multiple of the anticipated width of the finally fabricated capacitor.   By
20      way of example, typically the distance L is about ten or more times
the anticipated ultimate capacitor width. A plurality of ceramic sheets 10,
bearing the electrode pattern as noted, are assembled one    



-14- atop the other,. as represented by the illustrations Figures. 3 and.
9.   As will be apparent from the said illustrations, the stacking is
effected in such manner that the electrode layers alternate 5        with
ceramic layers.   Additionally, the- half-width electrode 13 of each
alternate layer of the stack 19 is disposed at an opposite edge of the
stack. The thus stacked electrode bearing sheets 20 are preferably overlaid
with a capping sheet 21. of 10       green ceramic free of electrode.. As
will be apparent from Figures 4 and 9, a series of capacitor preforms 22
may readily be fabricated from the stack 19 by removing the end margins 15,
16 and by severing the stack along 15       cutting lines A, B, C, D, E and
F.   The cutting lines A and F are positioned to coincide with the
longitudinal marginal edges 23 of the electrodes 13 and remove the margins
24, 26. The border portion or. margin 24 outwardly 20       of the.
longitudinal marginal edge 25 of electrode 11 is of greater width than the
border portion or margin 26 outwardly of the margin 23 of electrode 13. 



-15- By virtue of this differential spacing, it will be apparent,
particularly from an inspection of Figure.9, that the cutting lines A and F
expose along the cut lines, the marginal edges 23 of 5       electrodes 13
but the marginal edges 25 of electrode 11 are recessed a distance inwardly
of the lines A and F. Cutting line B is positioned substantially centrally
between the half-width electrode 13 and 10      the 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 alternate layers of the
electrode 11 but will pass through the border 18 between electrodes 12 and
13. 15 It. will thus be seen that the capacitor preform 22 has exposed
along the opposed longitudinal marginal edges thereof edges of the
electrodes of each alternate layer. In similar fashion, the cuts C, D and E



20   will severfrom the blockcapacitor preforms 22, all of which capacitor
preforms are essentially identical in all respects. It will be recognized
by those skilled in the art that the electrode patterning procedure    -16-
described by way of illustration is but one of many possible electrode
arrangements. Referring now to Figure 7, it will be perceived that as a
result of the steps heretofore 5     noted there is provided a capacitor
preform 22 having a first set or series of electrodes H having their
elongated marginal edges 28 exposed at edge 30 of the preform and a second
set or series of electrodes H' having their elongated 10     marginal edges
29 exposed at edge or side 31 of the preform. The succeeding operations in
accordance with the method are intended to fabricate from the preform 22
and from a similar batch of preforms, 



15     completed capacitors preferably having values which closely approach
a preselected or predetermined value. In accordance with a preferred
method, an increment- or section 33- is severed: from the preform 20 22,
for example along severance line 32, perpendicular to the marginal edges
30, 31 of the preform and perpendicular to the surfaces of the ceramic and
electrodes.    -17- The increment 33, which is shown diagrammati- cally in
Figure 5, may next be fired and terminated in conventional manner and
subjected to a capacitance measurement, as further diagrammatically
illustrated 5    in accordance with Figure 6..  In such. figures, the
electrodes H' have been electrically connected to termination layer 34
whereas electrodes H are electrically connected to termination layers 35.
The firing and. application of terminations 10   to the exposed electrode
ends constitute procedures 



.well known per se and form no part of the present invention. It will be
understood that the capacitative value of the terminated device 36 is a
function of 15   the overlapping area of the electrodes H,. H'. Since the
lengthwise dimension 37 of the increments 22 is a constant, it will be
understood that the capacitive value is a function directly of the width 38
of the increment 33 severed from the. 20   preform 22.  It is .accordingly
possible to achieve a desired capacitance within a range by measuring the
capacitance of the finished capacitor 36 and.then adjusting the width 38 of
the cuts to be formed in    -18- the preform 22 as a function of the
desired 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 



capacitors from the preforms 22 which are virtually identical in value and
conform to a preselected value by adjusting the dimension 38 as a function
10    of the measured capacitance of the capacitor 36. Accordingly, the
other preforms from a given batch of green ceramic and formed in the manner
herein- above defined may be severed along parallel planes 39, 40, 41, 42,
43, 44, 45, to provide increments 15    having predictable prefermined
capacitance value after firing. The increments are fired and terminated and
thereafter glazed in accordance with known practice. It will be observed
that the result 20    capacitors are "marginless" as hereinabove defined.
It will be readily recognized from the foregoing description that various
alternative means of producing marginless capacitors from the    stack 19
will readily suggest themselves By way of example, there is
diagrammatically illustrated in Figure 8 a dicing mechanism 46 which
includes a border 



or frame 47 and an internal series or grid of variably 5 spaceable cutter
knives 48,49.  The perimeter of the border 47  is sized to correspond with
the external dimensions of the stack 19 or of the margins of the outermost
electrodes-thereon 10           The knives 48,49, of which at-least the
knives 49 are. preferably adjustably spaced, function simultaneously to
form increments 33 from the stack 19 :.without the- necessity-for providing
an intermediate preform 22 15 The adjustment of the knives 49 is preferably
effected for each batch in accordance with the capacitance constant
derived, as illustrated in Figure 6, as a result of severing a single
increment from a 20      sample stack 19 or preform 22 formed from that
batch. Numerous other variations on the finishing-to-value steps may be
made.    -  20- From the foregoing it will be understood that 



there is provided a method or methods for manufacturing
marginless.capacitors, preferably to .value, which-eliminate wastage of the
ceramic and 5       electrode material and which produce capacitors of the
smallest possible size for a given capacitance value In accordance with the
method it is feasible to obtain capacitors to close tolerance without
resort to 10      wasteful,. expensive-and labour-intensive methods
heretofore employed for such purpose, namely,    -21- fabricating an
over-size capacitor and subsequently removing increments of ceramic and
electrode while- monitoring the progressive decreasing capacitance- of
individual capacitors.    -22- CLAIMS 1     A method- of making a
marginless. multi-layer 



ceramic capacitor comprising the.steps of forming a 5       plurality of
sheets of green ceramic, depositing on' each of said. sheets an electrode
pattern comprising at least one elongate, rectangular, continuous strip of
electrode material, the length of said strip being a major multiple of the
projected electrode width of a 10      finished capacitor, superimposi:ng a
plurality of said electrode bearing sheets to form a stack having alternate
parallel layers of electrode and ceramic, such that the longitudinal edges
of the electrode strips of alternate sheets are in.alignment and the 15
longitudinal edges of the electrode strips of adjacent sheets are in
staggered relation, severing incremenets of said stack perpendicular to the
length of said electrode strips- along severance lines, each said
severance-line defining the borders of. two adjacent 20      marginless
capacitor blanks, and firing and terminating said capacitor blanks.    - 23
- 2.       The method in accordance with Claim l. and 



including-the step of severing a first measured increment from said stack,
firing and terminating said first increment, measuring the capacitance of
said 5       fired and terminated increment, and thereafter severing the
remainder o.f said stack along spaced . transverse planes, the spacing of
said planes being adjusted as a function of the capacitance of said fired
and terminated. first increment, thereby to 10:   provide capacitors of
predicted desired value. * i       3:.    The: method of making a
marginless multi-layer capacitor comprising the steps of forming a
plurality of sheets of green ceramic, depositing on each of said 1.5   .
sheets an electrode pattern comprising a plurality of elongate spaced
parallel rectangular continuous strips of electrode material, the length of
each'strip being a major multiple of the projected electrode width of a .
finished capacitor superimposing a plurality of said 20      electrode
bearing sheets to form a stack having' alternate parallel layers of
electrode and ceramic, I 1111111 111111 11111 11111 111111    



-24- such that the longitudinal.edges of the electrode strips of alternate
sheets adjacent one of' the longitudinal edges thereof are in alignment and
the longitudinal edges of the,electrode strips of adjacent 5       sheets
adjacent the other longitudinal edge of the sheets are in staggered
relationship, severing the stack: along spaced parallel planes parallel to
the length of said electrode strips to define   a plurality of elongated
stack blanks, each having the 10.     longitudinal edges of .the electrode
strips of alternate sheets along one longitudinal. edge of the elongated
stack blank in alignment and exposed and the longitudinal edges of the
electrode strips of adjacent sheets along the other longitudinal edge of
the 15    elongated stack blank in staggered relation, severing increments
of said elongated stack blank transversely of the length thereof to define
at each said. severance line the borders of two adjacent marginless
capacitor blanks and -firing. and terminating said capacitor 20
blanks.   



4.     A method of making a marginless multi-layer capacitor comprising the
steps of forming a plurality of sheets of green ceramic, depositing on each
of said sheets an electrode pattern comprising a plurality of 5
elongate spaced,. parallel, rectangular, continuous strips of electrode
material, the length of each strip being 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 the sheet being
approximately one half the width of the- other electrode strips on the
sheet, superimposing a plurality of said electrode bearing sheets to form-
a stack having alternate parallel layers of electrode and ceramic, with the
half-width electrode strip being 15      positioned alternately adjacent
each of the longitudinal edges of the stack, such that the longitudinal
edges of the electrode strips of alternate sheets are in alignment and the
longitudinal edges of the electrode- strips of adjacent sheets are 20
in staggered relation, severing the stack. along spaced parallel planes
substantially midway of the space between the half-width electrode -strip
and the next 



26- adjacent electrode strip and midway of the full width electrode strip,
to define a plurality of.elongate stack blanks, each having the
longitudinal edges of the electrode strips of alternate sheets along one
longitudinal edge of the elongated.. stack blank in alignment and exposed
and the longitudinal edges of the electrode strips of adjacent sheets in
staggered relation, severing increments of each of said elongated stack
banks transversely of the length 10      thereof to define at each said
severance line the borders of two adjacent marginless capacitor blanks, and
firing and terminating said capacitor blanks. 5.      The method in
accordance with Claim 4 wherein 15      the electrode patterns are formed
on each sheet so as to be spaced from all the edges thereof to define
margins,. and the stack is severed to remove such margins to expose the
edges of the electrodes at the end of said longitudinal strips of electrode
material, 20      and to expose the longitudinal edges of the 



-27 half-width electrodes adjacent the side edges. of said sheets. 6.
The method in accordance with Claim 4 wherein 5       the steps of.severing
parallel to said longitudinal edges and severing increments of said stack
are carried out simultaneously. 7.     A method: of making a marginless
multi- 10     layer capacitor and capacitor produced thereby and
substantially as hereinbefore described with reference to the accompanying
drawings.    


