- CAPACI TORS "AND’ THEI R MANUFACTURE 5 - The present inventi 6@-‘3@\@@4
to’ capacitors anpd:their manufacture. Conventional nonolithic ceramc
capacitors,- dnd "particularly capacitors having values within snmall 10

t ol erance ranges are extrenely expensi ve to manufacture. The
expense inheres in the manufacturing procedures and nmaterials which have
"heretofore been required to be enpl oyed. -15 : I n t he typi ca
fmanuf act ure of a ceramc nonolithic capacitor there is first 4%

formed a suspension of CAPASITORSaANDCTHEIRNMANUBAQRURE bi nder which
enabl es the green ceranmic materials to be extruded into thin pliant |ayers.

Jn a succeeding 20 step the layers aren inprinted wwth el ectrode
mat.erial as by silk screening -procedures with a conductive .i nk havi ng
inciuided netallic particles. The selected netal nust be capabl e of

—mLLgSL:nding t he hi gh heats of firing of the green ceram c.w thout .
vaporszati on, thus mandating the use of platinum paladiumor |ike

ly I bl [s. itably. Lepri d. | f th
Corami o ar& stac i n suchoSaRREPSHhainYRREERP: EpReef Fon Tapanl it ont

material on aIterhqhgi&a%ggﬁfgg@ugggposed substantially in registry, but

Conventional monolithic ceramic capacitors, and

_particularly capacitors having values within small

~ '10 . tolerance 'ranges are extremely expensive - to
| manufacture. Tﬁé'expense inheres'in_the manufacturing
procedures and materials which have heretofore been

requiréd to be employed.

15 .In ~ the typical' manufacture of a ' ceramic
monolithic capacitor there is first formed a
suspension of ce;amic particles in an organic binder
which enables the green ceramic materials to be

&.} | extruded into thin pliant layers. 1In a succeeding

20 step the iayers-are'imprinted with electrode material’
A .

as by silk screening procedures with a conductive ink

having included metallic particles. The selected

metal must be capable of withstanding the



W th edge portions of the electrodes on one |ayer slightly off.set fromthe
edge portions of the electrodes on the alternate :layer. The, process is
repeategauntll a suitable stack of layers is forned, follomnng ~whi~ch t he
stack is severed along cutting lines to form i ndivi dual chi ps  wher eby

there is exposed at opposite severance lijges el ectrodes of one polarity
only. The resultant articles are thereafter heat treated first to vaporize
the organi ¢ binder material and thereafter subjected to higher tenperatures .
whi ch function to fire the ceramc -conponents and forma nonolithic

capaci t brighThee ekt erf tther i hged feapeei d s én ad€r 4L & Wat Bely byvaﬁpi‘Ynglé‘n
silver containing paste to the exposed el ectrode portions which treated

edge porthiusng aarda tiing ddfet ersehawft qul 8 bielgetp @l sddduc-ox | Yk eeleattiTasedil p

bet ween each of the individual electrodes and the associated term nations,~~
The di f Liogkltyi @obdred meit@d scosts i nherent in the outlined manufacturing . |
steps are well known to those skilled in the art. These difficulties ar
‘nultiplied wisitiably deginicited bpodrse afapdte tareen ocet amic of er ahee>
Mor e partlcul %rly, it will be apparent that the capacitive val ue of each
i ndi vi dd8l SURNp MO Ep difidntt ot Bri 87 h thel Rpmised i oheahtioghi slatemi ol

t he dielectric and the area of rintatiaon of the silk screened :
el ectro§é& te?’f'éﬁgeb&taya? §% 8A° f#e"r%“es&da YRt ke by chh abipatehEy ) ek s

bear'ngwEQﬂ_egeglg%rtlons of the- electrodes on one layer slightly offset

From the edge_portlons of the_electrodes on_the alternate layer{
The process is ;egeafed until a_eqitable staek of layers is
formeﬂ, follpwing which the stack is severed along cutting lines

 to form individual chips whereby there is ex_posed_ at opposite
severance lines electrodes of one polarity_only,

The resultant articles are'thereafter heat treated first ﬁo
'vaporize'the organic binder material aﬁd th;Iéaftef.subjected'to

' higher_temperetures which funetion.to Fire_the eeremic'components
__end form a monolithic_capacitor}

Thereafter.the fired capacitors are terminated by applying a
-eilver.containing;paste to the exposed electrqde porfions which i¢)
treated edge Eortinns are thereafter heated to effect a conduc-
tive relationship bet@een,each_of the individual electrodes and .
_the'associated terminations.

The difficulties and high costs inherent in the outlined

" manufacturing eﬁeps are well known to those skilled in the art.
These difficulties are multiplied when it is desired to produce-
_eapacitors to close.tolerances. More'particuiariy, it will be

apparent that the capacitive value of each individual chip isl

dependent net only on the composition and thickness of the



atlons are ‘ori éntsed one to the other. 5 . I n addi ti on, cat@fu
control s nust, be exercised in-respect of the volitilization and flrlng ,
steps to produce a capacitor having valuesg wi.thin a predic- table tol erance
range. For close tolerance applications, it is conven- 10 . tional to
manuf acture capacitors in such manner that the capacitance exceeds that

whi ch i s desir ed.didflteertrtilee andpdbet areasofoimprinhbetbomrofipthee esiXif t he

el eo. trodes TS Salel wioAlAYaterhh12 $AR0aPLE%H Nehd rabisct d

nornal to the broa ace tor, so as to reduce the
capaci tance to t fdoeiitdy whdche adjneenst 1P¥§6Ftb6§r%—% Phg uiBRE Rt g

.conpl exi ties outldyiemsaladee ofa¥ngbieBneaitsethbeothesr, of a close tol erance
‘capacitor to.a nultiple of,.a.hundred_or s the cost of aci tor
of 2 5 equal ele8$¥ ggﬁt 8peF?F8§u bﬁ?nﬁggf?eﬂﬁ?FC% é?{%ferance
contﬁaﬁ,s Nurer ouds: prespeddr of Haeevbdétiliiggbiondand :&iM§tﬁp-‘S|MI i fying
the mefiuf act ure froRhfRe el Q:'a%%é&%rcﬁé@ﬁfhg PR1HEL s 1A% GaRagidOrs of the

-so-called thin 2 : exanmple 1t 1s knownto froma
capaci tor by dep&@%en&°§-e§'?PF80ﬁaP5Pm on a substrate, oxidizing the
silicon, applying net &ort elolze mudrandesabpmﬁatﬁdns hetvafd edorivend ng a

ggighiaﬂﬁggg gigqgﬁgﬁ%ggépgﬁhﬂgaggh?g Qgégcﬂﬁﬁfél .50 manner that’ S
the canac1tance exceeds that which is desired. After
. the capacitor is formed the overlap area of the elec-
. trodes is erroded or worn-away as by a sand blasting
s | ' jet directed normal to the broad surface of the
15 capacitor, so as to reduce the capacitance to the
| desired value. The net result of the manufacturing
complexities outlined above may often raise the cost
of a close tolerance capacitor to a multiple of a
hundred or more times the cost of a capacitor of
- 20 equal electrical properties, but not requiring close
tolerance controls.
Numerous procedures have been suggested as a
means of simplifying the manufacture of close tolerance
_ ceramic or metal oxide capacitors of the so-called thin
25 film type. For example it is known to from a capacitor
. by depositing a silicon film on a substrate, oxidizing
s -+ the silicon, applying metal to the oxidized silicon
- and thereafter forming a multilayered capacitor from

_ the noted base material. :

0 U.S. Patent 3,679,942 suggests the formation of
of a thin film capacifor by depositing over a first
conductive material a layer of silicon dioxide which
is thereafter densified under wet gaseous atmosphere
following which the oxide layer is dried, and a

35 second electrode deposited. No means of terminating
the resultant capacitér is suggested.

U.S. Patent 3,469,294 pertains to a method of
forming an insulating grid over a pattern of inter-
cohnecting areas on the surface of the oxide layer,



of a thin filmcapacitor by depositing over a first conductive material.

| ayer. of ‘silicon dioxide which is thereafter 'densified under wet gaseous

: atnospg_ efe follow ng which the oxide layer is dried, and a 35 - : " . second
de

el ectr deposi
suggested. U. S.

insulating grid
t he oxide | ayer,

ted. No nmeans of Lerginating the resul t ant capacitor is
Pat ent 3, 469, 294 pertains to a nethod of form ng an

over a pattern of-inter--.connecting areas on the surface of
electnelyjtécalbyydémi?impsmxﬁmmommxﬁﬁet&r oxi des

into the grid openlngs to formelectrodes and thereafter severing the thus
formed structure §F6n6h9h¥§¢|W¢¢¥?é%S TookEe t %wsef%t ed to the 5

~resul tant capaci
deposits on the
deposi ts.

HBePeePhol EPUC T8 othe Tt oot s i, A0, | vor
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deposi

I ng counter

ectrodes, ands on ends f th

Countere|eCtrOdeioﬁﬁﬂnéhﬁiﬂveﬁfaéﬁogiﬁsr&hcﬁhéLﬁesbéﬁﬁﬂvéléﬂgbﬁﬂ&ﬁéiaie

al ong pre-

Hand connecting wires to the silver denosits.

10

U.S. Patent 3,457, 614 teaches forming a

canaCitor by denos1t1ng an anodizable metal on an

_1nsu1at1ng substrate, such as glass, anod121ng the Wi

surface-of'the deposited metal to: provide a-dielectric '

' film, dep051t1ng counterelectrodes, de0051t1ng copper

15

. units.

- U.S. Patent 3,809, 973 discloses a termination \/_

20

1ands on the ends of the countevelectrodes and there-
after-dicing or sub-dividing the substrate along pre-
determined zonal lines to form individual capac1tor units.
U.S. Patent 3,591, 905 1s cited in view of its |
showing'of'a-means-of subdividing an enlarged capacitor

forming sheet into a multiplicity of discrete capacitor

_ method which involves placing a silver and thereafter

- a gold covering over the,eprsed electrode edges at

. the margins of the_cefamic capacitor.: .



15 deternined zonal lines to formindividual capacitor units. U.S.
Patent 3,591,905 is «cited in view of its showing of a nmeans of subdi viding
an enl arged- capatitor formng sheet into a nultiplicity of discrete
capacitor units. 20 U S. Patent 3,809,973 discloses a .

term nati on nethod which involves placing a silver and thereafter da gold
covering over the exposed el ectrode edges at the margins of the ceramc
Tapacitor. - -5- Wi le varios of the above noted references

suggest neans for the formation of thin fil mcapacitors, _none of the noted-
references enabl es t hdbhoiaGiousibAfatifen @Po¥Snpaetedhi sefprgpces

d it 5 bl f bgi f d w.thi i se.tol
and capabl e of bePWHTEY RS AR (iR amATIOR BESEREY FAdR conni ques and
withow the use ofafel duel y Mhah GOSRICALONS AL ROBLCPHELTES epe . oo

Accordi-ng” to one t he 'present 1 nventi

R e S R

conductive |ayer Sapuird esf We H) Eorwledd Althin precise tolerance -

ranges and capable of being terminated without
elaborate soldering techniques and without the use of
relatively high concentrations of noble ﬁetals.

(- According to one aspect of the present invention

10 there is provided a méthod'of manufacturing capacitérs
which'comprises_the steps of:’

a. Providing an insulating substrate;
b. Forming by deposition a thin film conductive
layer supported by said substrate.

15 C. ‘Removing increments of said depositéd
conductive layer to define a first plurality of
discrete électrically isolated cnductivé areas
arranged in rows and columns on said substrate.

a. Formiﬁg-by vapour deposition.a continuous

20 layer of dielectric material over said conductive areas

and the areas previopsly.occupied by said removed
" increments thus to cover the side edges of said
isolated areas. a

e. Forming by deposition over said deposited

25 dielectric layer a further conductive layer.



15

Renovi ng i ncrements of said deposited conductive-layerc

.to define a first plurality of discrete electrically isolated cnductive
areas arrafdggd in rows and colums on said substrate. d. ‘Formi ng by,
vapour. deposition a continuous 20 - layer of dielectric nmaterial over
sai d conductive areas and the areas previously occupied by said renoved
increments thus to cover the side edges of said isolated areas. e.
Forming by deposition over said depogjted 25 dielectric |layer a
-further conductive | ayer. - f. Renovi ng increnments of said further
conductive layer to define Bemecimgl plareleérntys aff diasicy efur tleactrically
~isolated conductive areas in partial registry with the areas of said first
5 pl ural i t ycondaptive shayer | e tdefithe ac svatoridirplunal idfy odnduct i ve

areas havi ng at
plurality. g.

|.east one area out of registry with areas of the other sai

FLEF et e lepbricdebnsi salnted canduntdye |axpas dn L

dielectric material_oyver said second .10 _i%gln ity of discrete Tt
Nt

el ectrical ly isol BREH bkt $HaY HEth they

sai d renbged i ncr
i sol ated areas.

10
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20

25

_ _ ssadde\ﬁltf_l?éﬂ y occupied b
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conductive areas having at least one area out of

registry with areas of the Other'Said plurality.

 'g. Forming by vapour deposition a continuous
1ayer of dielectric material over said second _ [

plurality;df discrete electrically isolatéd conductive

areas and the areas_preﬁiously'occupied by said

removed increments, thus to cover the side edges of
said second isolated areas.

h. Severing said Substratefand-layeré-which

‘define a matrix along severance lines normal to said:

sﬁbétraté; each said severance line being positioned
td intersect the nOn-registeringzportionsfonly of said
conductive areas, and each said severance line :4~
extending through non registering porfions of the
conductive areas of a-respective.oné of said layers
only.

'i. Thereafter depositing by a sputtering step a-
conductive termination layer over the exposed edge

portions of said conductive areas formed by said

severance lines so as to connect electrically the



h. Severing said substrate and | ayers which 15 define a matri x al ong
severance lines nornal to said-'substrate, each said severance |ine being
positioned t-o'intersect the non-registering portions only of said
conductive areas, and each said severance |ine extending through non

regi stering portions of the .20 conductive areas of a respective one
of said layers only. i. Thereafter depositing by a sputtering step &ij
conductive term nation |ayer over théfexposed edge portions of said
conductive areas formed by said 25 severance |lines so as to connect
electrically the terménatheni daybayeo the técpasgdsathedys thard @t safidsai d-
¢onductive areas and -formterm nations of said capacitors. According to
anot her aspect 6pnduggivpraceas gnd form|igeminagionsherfe said provided a
capacifor array coggri- sing an elongated insul ating substrate, defining a

strip, & pluralit§a8fcd59EEd deposited areas of conductive nmaterial on said
strip B®ach area defini an.el ectrode, _a vapour_ deposited cqntinuous | ayer
of 10 dielectric 8&F8FPéPgon Qi AR itiﬁ&ééﬁﬂ r&gﬁé 5FEE Yy t he

top surfages (herggl ARGoh"" EhefE9oPs NI &PIadNh YRS O 249 Bpr 2N
'sing an elongated insulating substrate, defining a
strip, a plurality of spaced deposited areas of
conductive material on said strip each area defining
s _ aﬁ electrode, a vapour deposited continuous layer of
10 dielectric material on said plurality of electrodes
.'covéring the top surfaces thereof and threé edges
thetgof and exposing one edge of each electrode at one
side of.the strip, a further plurality of spaced
debosited areas of conductive material on said layer
15 - of dielectric material, each said further plurality of
‘electrodes being in partial registry with a respective said
electrode of said first plurality of electrodes and
) 'having_one edge out of registry with the exposed edgé of
| said electrode of said first plurality and the
20 opposite edge exposed on the.othet side of said strip,
a second vapouf deposited layer of dielectric material
on said further plurality of eleétrodes coveting the
top surfaces thereof and-three edges thereof aﬁd

exposing said opposiie edge of each of said further

25 electrodes, a sputter deposited conductive layer on



side of the strip, a further plurality of spaced deposited areas of-
conductive material on said |ayer 15 - of dielectric material, each said
- further plurality of electrodes being in partial registry with.a respective
said el e&t¥ode of said first plurality of electrodes and havi ng one edge
out .of registry with the exposed edge of said electrode of said first
plurality and the 20 ~opposite edge exposed on the other side of said
strip, a second vapour deposited | ay@& of dielectric material on said
further plurality of e]ectrodes, cover,ing_the top _surfaces thereof and three

edges t hereof andPR&p¥dfPLfatdFisdn &1efde isaldycFopPessings heher 25
el ectrodes, a sputter deposited condyctive. |layer qn ope.side of said

strip electrical I?"B‘?ﬁﬁfgcﬁg t e-e@f%bé)gd%éﬁgeér(ﬁ% é’&é’ﬁa T"-ttyhg%fi rst -

~plurality of ‘el ec lural ity .Qf, sld ts .f i .he h | de .of o
said strip, said é{%?g?%de%ng aglqadirfe 1\?\:Ilyt E;fStsith! _r%%énaeg_ tc} §§%d8§{’§#p which
are free of el ectgggle é@tsea(id?'stﬁ%q Hauld %rli‘i‘asoﬁr%'itrﬁd,a(i'iﬁﬁﬁeﬂt @étﬁcrerren-t-e‘ff

.of conductive material on sard other side of said strip, "sald discrete

~increnent’s being anegfosgesEid swrtifp Whd cadges drddofeledectedas exposed on
- said other side of 10 -said strip. In accordance wth one formof

" the invention, - material, and sputter deposited.diScrete increments of

conductive materiél on said_othér side of said strip}_
- said diégrete.incrementsnbeing in.engagément witﬁ fhe
edges_of”the'elec;rodes exposed on said other side of ;;.
10 ‘said strip. |
| In accordance with Qhe._fo:m of the inventién,
there is provided a substrate of nop-conductive'
material, by ‘way of example glass. An electrode
material of a non-nobel metal such as aluminium or
15 nickel is deposited -onto the substrate as by vapour
- deposition, evaporation .or 'spﬁtte:ing.' Thereafter
discrete areas of the continupus coating of e1ectrode
materiél are removed, preferably :by the use of a —
~§hotoresist_.coating and subsequent etching techniques
.20 ~ known per se. A thin film of dielectric, for instance
silicon dioxide, is deposited over the sﬁbstrate to.”
cover the _metél- electrode components and the
separations resulting from_the photoetch process. A
second-electrode layer is déposited and etched, the

25



there is provided a substrate of non-conductive material, by way
of exanple glass, - An electrode material of a non-nobel netal such as
alumniumer-15. + -nickel. is deposited onto the substrate as.gy vapour
deposition, evaporation or sputtering. Thereafter discrete areas-.of
the continuous coating of electrode nmaterial are renoved, preferably by
‘the use of a photoresist coating and subsequent etching techni ques 20
known per se. A thin filmof dielect®ic, for instance silicon dioxide,

is deposited over the substrate to cover, the netal el ectrode .
conponents and e%¥dfngephedndonsffestedi A5 ArBANDAE pRolsavendppecete. A
second el ectrode | ayer, .i, s deposi tgﬁ nd etcEed ihe 25 et chi ng bej n
affected in a manM§tald i Areag & o 3REt BLAFDtAY.qut Bf cRegi BEEY | YhHERY

out of_,registry wth the allic-areas _fornmed as a resu 0 e first
et chi @'_;step. 5 'thﬁ1e“}eetg§‘l g 3 555ci £8F™FPankE 3r5e§8“h'?lgtégebéu5t
sputtering a coat ie[}_g:hci\{,,%r sttlg%'opposi te sides defined

5



by the cuts which separate the substrte into a series of blanks and at

whi ch edges .of the electrodes are 5 exposed. |In accordance with a
preferr.ed enbodinent, a multilayer capacitor chip is formed by sequentially
deposi £ ng series of dielectric and netal coatings, 10 t he netal

coating |located at discrete precisely positioned el ectrode areas, it being
understood that all of the areas defining a given electrode are oriented so
as to be out of registry at |east atCan edge portion thereof, with an
opposite edge portion of 15 the ‘area defining the other electrode. It
w 1 thus be appreci atmk tdaiuiien dapazikekr slanks sevetedminhted! pgtrode
~areas in one |ayer will be exposed at one edge and subject to termnation
as by sputtering skt rgpre dostiinge ovkeraltheebprosdte aideas dafimedd] acent
20 area. Before severing of the substrate intoindividual capacitor
units, a passivathhgths quiduiviiiohy separiatg ¥y BubESpFRedntosa sepies . .
significant feature of the inventign resides in the _fact that the v*
dielectric coati%Hg PAalksh ands afepidche§9968r OEnEPRetIPCEF 8ERT oR1ES

formati ong, | coat Sexposed. :

In accordance with a preferred embodiment, a

multilayer capacitor dhip is formed by sequentially

depositing series of dielectric and metal coatings, :\4

10 the metal coating located at discrete precisely
-positioned eléctrode aréas,.it being understood ﬁhat
all of the areas defining a given electrode are
oriented so as to be out of registry at least . at an
-edée portion thereof, with an opposite edge portion of
15 the area defining the other electrode. It will thus
be appreciated that when the substrate is severed, all
electrode areas in one layer will be exposed at one
edge and subject to termination as by sputtering and
the same is true of all electrode areas in an adjacent

20 area.

Before severing of the substrate into individual
capacitor units, a passivating or insulafing coating
- may be appliéd.
25

Q)



not only the upper surfaces of the electrodes, but 5 al so coats the
el ectrode edge surfaces. - As a- result, when the conpleted matrix is sawn
or otherw.se diivided into discrete substantially rectangular blanks -along
l i nes exposi ng one set of electrode edges for termnation, it is

assured that the edge portions of 10 the electrodes of opposi&et
polarity which lie in spaced relation to the exposed edges are securely
covered with insulating material. In {jhis way, it is possible to term nate

the capacitor using sputtering techniques w thout concern that the
sputtered material 15 A siguifliceenrctfeatarkbebfeehespacentiohetesides in
| ayers- and engage the edges of the recessed el ectrodes wth resultant

%

shorting of the cdpeitdiactdt what Kbe fddehertripprecating wihith where
a 20ﬁx  mul tiplicity of electrode Iaﬁe;s are enbogied in ;he capaci tor,
the end insul ati9RPOFUHFR iifs thef metafeedrereedei cEasByRERNT ncreardisg
N WILT I AN g L TR T
view 11 ustrati ng 949 aaass o1 BbEraote, cbfn sfraapddr L AR
of the - capaci t Qfifen AGLO' Y9 ethd mhBCix is sawn or otherwise divided
into discrete'substantially rectangular :blanks along
lines exposing one set of electrode 'edges for
LJ'_ :  termination, it is assured that the edge portions -of
10 the electrodes of opposite polarity which 1lie in
spaced relation to the eprsed edges are securely
covered with inéulating matefial. In.thiS'way, it is
_'possible to terminate the capacitor using sputtering.
:techniques without concern that the sputtered material
15 will penetrate between spaced dielecﬁ;ic layers aﬁd

engage the' edges of the recessed electrodes with

resultant shorting of the capacitor.

It will be further appreciated that where a
20 multiplicity of electrode layers are embodied in the
capacitor, the end ‘insulating functions of the

dielectric assumes increasirng importance.
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.~ view of an array

i nvention; 10 Figure 2 is a perspective view illustrating a -
st age of manuf act ur e with the first electrode deposited on the
substrate; Figure 3 is a transverse sectional view taken 15;: _  along
line 3-3,4f Figure 2; Figure 4 is aviewsinmilar to Figure 3 showing a
further step in the course of manufacture; 20 Figures 5 through
8 are enlarged views of a segnent_of the treated substrate during
progressively further steps in the malfdf acture thereof; . 26 Figure 9 is a
sectional view taken along lines 9-9° of Figure 8 showi ng the capacitor
chip according to theThevednveptign. will be g¢pgoribed npewab¥ecvavref
view taken along | i ne 10- 0.of,Fggure 9; thure 1% 1S a perspective
xamRlgci O5LY - MidDd PArticBLABancECIGFERCe het? nvethe on;

10 Figure 12 is a_view si

| .| i 1 with.the, s dges - of th
“capacitor array F&Fﬁﬂﬁg?gh“g;g%gﬁﬁég%geliniEhé 9%3&?@%%?Ta?’?gSFigureﬁizé_

at ‘a 15 final step in the manufacture.

5 - Figure. ~1 is a transverse. sectional view
illustrating;a_treated_.SUbstrate._in .the . course _of'

-manufactu;e_;_of the capacitors according to the

invention;
10 . Figure 2 is a perspective view illustrating a
stage of manufacture with”_the' first electrode
. deposited on the substréte;_
"Figure 3 is a transvefse sectional view taken
15 -along_iine_3-3 of Figure 2;
Figure 4 is a view similar toIFigu;e 3 showing a
further step in the course of manufacture;

O

200 - -+ Pigures 5 thrbugh .8 are eniarged views of a
segment . of the treated substrate during progressively

further steps in the manufacture thereof;

i e o G mpaiinn s e e e me e - e e e cememm meis sermeet e s e -



Referring néw to the drawings there is shown in Figure 1 a substrate 10,
preferably a glass ptate of a thickness of approxinmately 20 to 30
mls (0:51.- 20 - *-0.76 .m). I n accordance with the invention.there is
14 optionally coated over the substrate 10 a | ayer of phosphorus doped -
isilicon dioxide precoat 11 incorporating approxi mately 3% phosphorus. T
‘precoat is applied at approximately 460Q, degrees C., until a |ayer of abodut
1.5 mcroneters is built up. The resulPant substrate then has a conductive

‘material 12 preferably al.umi num qr nickel ,deposited thereon oforma

| ayer having a thicknefd9use g;ﬁﬁrﬁxﬁﬁﬁFéPyg?.%leﬁic{%ﬁﬁREH§i°"QTmiqnes
resultant el ectrodg_lAayer 4SS pagtern i a : o[ eslst. cover
coat and is phot oet%cf?gd t_ooflg?é‘piuﬁg g gie’?lsgg&d éPedf‘g%%é;ggéﬁe a |%‘$€1¢1‘?§1(#)

el ectgodes which arg f e jggyare or rectangular in plan, the islands
beindgghomn at 12a}§)ggﬁhayﬁgp¥é§aﬁple the patterned netal islands 12a may
+have a“di nension of 2.017 mm by 1.055 mm The thus treated substrate has
‘applied to the upwardly directed surface thereof a |ayer of dielectric
material ildustra- tivelpigurlel QOnidi axsdetionbt: apewi cedkem isldng vapineg
-deposition which is effected at about 460 degrees C to an overall thickness
of approxinately 10,063® Afgftigare. 9;The diel ectric layer is shown in Fig. 4
-at 13 and possesses a dielectric constant of 3.97.

Figure 11 1is a perspective view of an array of

COAL capacitors made in accordance with the invention;

Figure 12 is a view similar to Figure 11 with the

side edges of the capacitor array terminated and;

e

Figure 13 is a view similar to Figu;e 11 at a

15 final stép in the manufacture.

Referring now to the drawings‘there is shown in

Aot

c

Figure 1 a substrate 10, preferably a glass plate of a
thickness of approximately 20 to 30 mils (0.51-

20 0.76 mm).  In accordanbe with the invention there is




As will be apparent from an i nspection of Figs. 4 and 5, the .dielectric
material 13 covers not only the el ectrode formng portions. 12a hut al so
: the area;T2b between adjacent portions 12a with the result -that ;the edge
. portions 12' and 12" of the electrode formng portions 12a are also
covered by the dielectric material 13. It will be evident that the

t hi ckness of the various |ayers of nmatel&dal. have been exagerated for

pur poses of clarity. Fig. 5 conprises a fragnentary section of the

substrate %@ﬂam.n Lhe oGl d gy Wit ik tdi6o 6t 1Glte Ofo FiY1afer B g;h%tr%g

in the manufacturing’ procedure involves depositing a further one neter

thickness Qopalduginuod dilokiele % etodlf qqe@w&x?:ﬁbﬁ@fﬂhé tafplpr}d‘aaimd:aywav
“ the Iayer gefng identified in'Fig. 5 by the reference nuneral 14.

Iayer 14 | phiosgeiesluby ahsd qﬂﬂacdaphatsora@msiteqoratcmrtomdﬂftlerlq aspafdb@rrlaes-
of rectangles 1.950 mm by .908 nm The thus fornmed rectangle which defjnes

a second elaGt nodei bf at rlea)cnaq:)a@ftabmust Idehtmicedmetdrg. i6 byitlite up. \-rﬁe

reference nuneral 14a. As will be apparent froman inspection of Fig. 6,

the el ect r g¢s uldoaphir subisity adeethgps hag @c eondsicddveonat erial ARdpire ferably

: addition overlaps the gap or space 12b - defined -between the adjacent '
* el ectrodes aiﬂalnl’ﬁePé‘uﬂéﬁk&ﬁoldﬁéf’stlﬁleﬁ ftihemeoay et oy F oM drelayen having  a

; material illustratively silicon dioxi is applied by vapour deposi tjon
L to t he upvxéf‘&l“;}"b‘??%ct%é s%PP58é§“'(ﬁ "?ﬂé se%orfgléFBE'Frtc?cfé’s 14he resultant

.electrode. layer 12 'is patterned with a standard photoresist cover
coat and is photoetched to define a series,df discrete meta‘J
islands or electrodes which are preferably square or rectangular

.~ in plan, the islands being shown at 12a. By way of example the
pattérnedlmetal islands 12a.may have a dimension of 2.017 mm.by
1.055 mm. _ _

The thus treated substrate has applied to the upwardly
directed surface thepecf a layer of dielectric materlal-lllustra-
tiveYy silicén dioxide . The appiication is by vapour deposition_
which is effected at about 460 degrees C to an overali thickness

~of.approxihate1yf11,550 Angstroms. The dieléctric layer is shownkw

in Fig. 4 at 13 and possesses a dielectric constant of 3.97. o
‘As ﬁill be apparent from én'inspeetiOn of Figs. 4 and 5,

the dielectric material 13 covers not only the electrode Forming.'

portions 12a ﬁut also fhe area 12b betwéen adjacent portions 12a
with the result that the edge portions 12' and 12" of _thé

electrode forming .portions 12a are also covered by the

B T - - e . . e L T T T — ———— e e — p——
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‘and the Spaées'14b t her ebet ween as shown in Fig. 7. The next step is to

‘lines 9 - 9', as shown .in Figs 2 and 8 and

coat and cure.an aqrganic confornmed coating material 16 for exanple
polymeric . on* the lrayer of, dielectric material 15. The matrix thus forned
i's thereupon sliced into individual units Qgécuttlng or dicing along the

as shown in Fig. .
2, resultlng in the formation of a rectangular capacitor blank or chip such &g
as is- - shohhelgchinge mabppiad. 134t Ik wilbebebswideatt hhatt kbechhirkpess of

‘line 9 is located spo as to extend through_the el ectrode 12a  and expose t he

mar gi nal edgtehaz‘cfn@us9}av5r8epécwﬁsaelzéaha‘rﬁe BEDt PRBIPFALEd fOL |RJERQRES
so as to exte d ihro h the electrode 14a and al so to pass through the
space 12b BitWArdly of the opposite end 12" of the el ectrode 12a and

g the e e L of o R T PO ERFS M

‘si de edge pe.trissrhgg§ ﬁnslggct%aﬂ aﬁsh%eeaéophsgge&flﬁf ang 14%%6}%1‘9 Qesp in

or nore |ay of “conductive naterra | ustr |vefy,

term nation pRE! mQAR% e BOFi ARG opgdﬁi?E' ae.@chyv@@ 4Bbbisale i Ayeh Plirther one

.chromum a covering |layer of° nlcke and a final layer of silver, to render

the term nathPPrésRaelét Yt SPEHAAY € £ BY1vAY nifin @@NPLekellh® t hd Ckﬁ@%%leuxtJleté

-chrome coating may. be in the order of 400 Angstrom the nickel
~appr oxi mat el ford &1 €k OAef EImaDdyéhe- §i tNerlayer being identified in Fig. 5 by

o

the reférence numeral 14. The layer 14 is treated by a standard
A photoresist process to define a pattern of réctangles 1.950 mm,
by .908 mm. The thus formed rectangle which defines a second
electrode of the capacitor is identified in Fig. 6 by thé
referenée_numeral 14a. As will be apparent Ffom an inspection of
Fig. 6, the electrode 1Aa'partially overlaps adjacent electrodes
172a. and in addition overlaps the gap or space 12b defined
between the adjacent electrodes 12a.
-}hEreupon another thin film layer 15 of dielectric wmaterial
illustratively silicon dioxide, is applied by vapour deposition
to the upwardly direcfed surfaces of the second electrodes 14a
- and the spaces 14b therebetween as shown in Fig, 7.

The next step is.to coat and cure. an organic conformed
coating material 16 for example polymeric on the layer of
dielectric material 15; |

The matrix thus formed is tﬁereupon sliced into individual
units by cutting or dicing along the lines 9 - 9', as shown in
Figs 2 and 8 and X—X; as shown in Fig. 2,resulting in the

formétion of a rectangular capacitor blank or chip such as is




.15 mcroneter. In the described enbodi nent the actual active,overlap area

of the electrode surfaces is approximately .908 mm by 1.808 mm, yielding .~
a capacitance of 42.5 picrofarads. For purposes of convenience. i n-handl i ng,
the overall size of the chip in planis preferably cut to the standard of

8@ drils by 50 mls. The resultant chipjhas been found to be humidity

i nsensa- tive, notw thstanding the ¥€bt that the sole incapsulating
coating or coatings are those which have been applied over the upper

f d th d } d 21. As. Wi || .
rom ar AChetD: G - Hoo8d The caf Firimd Snovrerypotbatolis, aﬁ?‘?{lﬁﬁt
di el t 3
opent ng gt SHa li%%’%%ﬁt & hgéi.t ﬁ%ﬁnh”&ﬁ?@bﬁﬁeﬁél 20pctBoE, A28, ang

such C'Jﬁ BUELARGSS makh Oa?Pt hhﬁrGQi@(ﬂEatlw “e¥ %;’ﬁ ¢Efole %'zdé reﬁ{ﬂeon

toward the side edge 12" e’electrode™2a, it is t oget her possi

that el&mﬂtr&] qfuwes 6Pt t B5eElt 68" 8bNaki 08 BREBhHALKYRULH bhbdeqéél@rsa?v‘
bet ween the el ectrode 14a and the el ectrode 12a, since increments of the .

deposityaps t h 81 Bald PNt sepals SVHH fo i1 GBI YR agphkBst 12be §¥§!ﬁﬁedG€w&2d19f of
el ectrode 12a:. However, 1 n accordance with the nethod o e present

i nvent itdre td]:ﬂad:bleﬂee&irid cizhad f nghd elloetraoe ipamaadmexpbgepthBamargyaalbut

.rather coats not only the top surface of electrode 12a but also the edge
surfacedbﬁ 14charfedlectDuede o014 &g protectlon afforded by

| " The resultant capacltor member C, as is 1llustrated in Flg._

-9 meay be te;minated-by sputtering the side_edge'portipns includ- ;)_
ing the elecffode_edges.12c and 14c, .with one or more layereu |
20;21 of conductive materials. Illustratively, the termination

- poriions 20 and 21 may be defined by an initial layer of

" chromium, a.covering layer of nickel and a fipal layer of silver,
to render: the termination readily solderabletyay way of example,
the thickness of the chrome coating may be in the'order_of 400
Angstrdm,lthe.nickel approximately ..5 micrometef aqd the .silver
,15'micfometer. | | |

.Ih'the described embodiment the actual active overlap area
of the electrode surfaces is appreximately .908 mm, by 1.808 mm.,
yielding a“éasacitance of 42.5 pierofarads..FOr_purpoees of
canvehience.in handling, the overall size:of the chip in plan is
preferably cut to the standard of 80 mils by 50 mils. "
| The resultant chip has been found to be humiditylihsensa;
tive, 'no'twith'standing-- the fact that the sole incapsulating

_ eoeting or Coatings'arelthose which have .been applied over the

upper surface, and the sputtered_te:minations'20 eﬁd 21. .



such dielectric¢ coating, termnation by sputtering is rendered possible. As
will be readily apparent'to those skilled in the art, the capacitance and
wor ki ng vel tagé characteristics of a capacitor formed in accordance with

the nmethod of the present invention may be readily varled;uby nmodi fyi ng
the overlap area of the electrodes, d the thickness of the dielectric
| ayer. For exanple,- a capacitor of higher! value, but |esser working voltage
Jtay be fabricated utilizing the identical steps set forth herei nabove with

the excepti on Rbalsne tepagbbed ol | +£08 409 g, LaYehy 8 PRk, 9nd cut

-t hickness of approximte ron1 resu

Jcapaci tanggrn@fs  APPERY rlqtreéys %ﬂl&roiﬁr%% dleﬁ\g@'ttﬂwaié% r' tuswer
feasible to increase the capacitance by repeated applications F | ayers oF

'dlelectrlﬁuaati &P&ﬁ@@lelr{tcbﬁfli@dﬁfﬁi)@ﬁ”'tﬁto*f‘déc%‘?fd@ﬁlﬁﬁlwyfbﬁt apdaed
pracki ce one of the side edges of "each of fhe electrodes of a first pol ari

will bé | 8djjegiesity Yt h andiare eafgé he29i der erlgese 0k craduof 12be elvdeOdescaf
a second polarity will be in registry, and the other side edges of the
. el ectrodesiotueatrampmeéay i tiyf wal |spet t arerdl t grafiheati dn owatsheagp € eddgien a

_portions in registry-of the electrodes of opposite polarity. Thus, when the

“matrix isdireetiioohtogard| thessadeopdgs t12%i dfs thfe teket hdbdieddfla, it is
“capacitor units will each expose a set of electrode edge portions, each set
bei ng altogether possible that elements of the sputtered termination

material would brldge the gap between the electrode 14a and the

s electrode 12a, since increments of the depoeited_tefminétion
metal would impiﬁge.against the.side edge 12" of electrode 12a.
However, in accordance with the method of the present invention
the dielectric coating 13 does not form a merely planér layer but
rather coate not only the top surface of eisctrode 12a but also
_the edge surface 12" thereof. Due to the'eggtection afforded by
such dielectric coatiﬁg, terminatieh by sbuttefing is rendered
possible. .

As wiil be readily appareht to those Skilled in the ert, the

- capacitance and workihg voltage eharacteristics of a capacitor
formed in accordance w1th the method of the present invention may
be readily varled by modlfylng the overlap area of the
electrodes; and the thickness of the d1e1ectric layer.

| For example, a capacitof of'highef value, but lesser working
voltage méy be fabricated biilizing_the identical steps set forth
hereinabove with the exception that the deposited silicon dioxide
layer is applied to a thickness of approximately 5,750 Angstrom.

The resultant chip has a capacitance of appfoximately 85

picrofarads.

S



of common polarity while the other edge portions of each set of ‘el ectrodes
of s#qmmon  polarity wll be laterally offset- or recessed from the

cu nes _defining the el ectrodes of opposite polarity and henCe

prote ect ed” agai nst contact with the sputtered term nations by the
intervening dielectric material. The e diment shown in Figs. 1 to 10
deals with the formation of individual chfps or capacitors. It is possi bl e
according to the inventjon to forman array of capacitor chips. as shown in
Fig. 13. To fO‘M‘i’%%?f‘%iﬂhy,1Fe¥%rf¢ﬁ§1P69FF@ 12°rFﬁ§Fez§beoFa@@FtlltﬁQ°FhBY
entire matrix al ong ilnes aﬂ9§X-X' forn1|nd|V|duaI chips, the array

after itTeR&ERANEAR %ﬂ“a%“%h% heFPg° gdtelecitdcis a?Bngtlr?é’tl’i‘h‘é% XLty
t the t f it ed, .hoth ds .25
are conpt Bt gﬁy%‘éahen 58 .FRe Snw‘ S SaRu T by Pﬁanﬁéf& PéFCtlgeTﬁggegﬁon
th t | h d t

cnmacri oiRe ' Side ! €88 8Tak G AN Br L Re 1 SELLBGER L4t PeOFs ”aﬁvsl'?“*v

el ect 1 odepy) eagh s3Pts bEL YL, Uba SaRE RO AhiYe BICTAP0R NS e hdgr egges

26, 27 are term nat ‘sputtering, so t at a nductive ayer

29 extengfed o d &P of s%%rﬁcrr&aﬁra%yshpwu BeFish Agid@rGOMPI&tE the
array, slits 31 are nmade conpl etely through the. conductlve terdi nation
Iayer 2%tRéee tshewoedg@rsdwtlwe electrodes of each polarity w111 be
-laterally offset from the 31de edge portlons in reglstry of the
electrodes of opp031te polarlty. Thus, when the matrlx is diced,
the cut lines at opp031te 51des of the 1nd1v1dual capacltor units
w1ll each expose a set of electrode edge portlons, each set belng
of common polarity wh11e the other edge portlons of each set of
electrodes of common polarity will be laterally offset or
'recessed from the cut lines def1n1ng.the e;ectrodes of opp051te
polarity and hence protected against contact with the sputtered
terminatione hy the intervening dielectric_naterial. | .
The embodiment shown in Figs.:1 to 10 deals'with the
formation of individual chips or'capacitors. |
It is possible according to_the invention to form an array'\/'
ot.capacitor chips as shown in.Fig. 13. - |
To form.SUChlarray,_referring to Fig. 2, instead of cutting
the entlre matrlx along 11nes 9- 9' and XQX' to form individual-
_chlps, the array after 1t has been formed as shown in Flg. 8 is
sliced along_the lines X" X' to_expose the two ends 25 of a line
of capacitors C. As noted, both ends 25 are completely sealed and

only expose non-conducting material.



material 32 between each of the capacitor chips C As a result, an array S
of capacitors.or chips C-nade according to the invention will be forned
havi ng the expdosed edges’ of the electrodes on one side 26 having
common term nation 28 and the exposed edges of the el ectrodes of each ch
C on the other side 27 individually tepginated by the terninatiqg;
material 29a. Thus, each array will have”a commpn termination 28 @4Ad

individual. termnations: 29a, so that a set of individual capacitors

C may be connHuéesupon atimeimbetrbk tsrelitedwbththesiligee Sedtono define a
termnation. It will be appreciated that where nmultilayer capacitors are
formed Btrire edesaridpeds nef hodpatitborsherenthesddpacdoe R§,c@Vpreseds bhg
nmore than two el ectrode |ayers, that the signific- ance of the side )
prot ect i e oTidnseders ngf faineet ol oflepkreadesecerrb matePedng bécshesseme

prog
verti

ressivel y greater inportance. 20 This is true 'since the
ﬂ%mp°¥ﬁﬁ&§hg between adjacent el ectrodes at the edge portions has a

a
p

t end foi [ i.vel ith t f o additi I
endency of RFASERIRDERY SEEECLaUhan e S O IO o
f ically, f Il cat.i [t [ Iy hi gh
o S SCREE LSO L0020 EFRECAASHE, PR 90, SELGHB, oo
tol er ancge Withopt, {165 nggessb iy o6 Frpsefyent adjust- |

k./ .

To complete the array,_slits 31 are made completely through
the <conductive termination layer 29 into the non-conductive
material 32 between each of the capacitor chips C.

As a result, an array S of capacitors or chips C made

~according to the invention will be formed having the exposed

edges of the eleétrodes  on one side 25 having a comman
termination 2B and the exposed edges of th;telectrodes 'of each
chip C on the other side 27 individqally terminated by the
termination.material 29%a. |

Thus, each array will Hév; a common_termihétiun 28 and
individual terminations 29a, so that a set of - individual
capacitors C may be connegted.in a number.of circﬁits with a
single common termination. -

It will be appreciated that where multilayer capacitoré are
formed by the described method, i.e. where the capacitor is
comprised.of more than two electrode layérs, that the signific-
anc; of the side'protecting'or insulating function of the

dielectric materials becomes of progressively greater importance.



ments: The 'capacitors may be directly soldered into circuits . without the

necessity of utilizing wire terminals. The capacitors are bum dity
i nsensi tdwe, durable, of uniformy high quality, and the reject rate js
extrenely low As will be apparent to those skilled in the art and fam| -
iarized with the instant disclosure, nunmerous details in the fabricating
procedure rmay be varied w thout departinggfromthe spirit of the invention.
Such details include the formulation of t9% el ectrode, dielectric, and

he thickness. of sueh co ent s

t 1 ' d.al
Raci 1 onki s CEhe PER Aol SATGR alth hY ERGAde b SARS LpE: 158 BHSES nPRAACSRE

manuf act B PR 184 p%sc?%t $78) £9 R oRpATISIEN 1 BEE, gy e Gp9ely o r AiREIG g
Provi di ngragregéybeig gbw 2hfmblr oFORRA {OhACRAYde e A LE I
conducti ve Fayer suppo %e by sal subst rat S ncrehent s -

of said d?RQShBFUeCBQQH%'b\é% 'm@é‘ﬁrodt%fd?fo'r%r% fdd Sp%cﬂ!d&ré" bi‘%v‘ifdejsﬂ“'

discrete electricall I sol ated =~ conducti ve areas arranged 1 n rows and

col.ums peapdl & BUSE ﬁatnq c &1 1y FORBira Hinyapepac deppsi ha¥in@ &AW dMeIDHS

| ayer of dielectric material over said conductive areas
high capac1tance per volume and subject to belng fabricated to

very close tolerance without the necessity of qubséQuent adjust-

'ments. The;éébaéitofé may be'direétly_soldered'into circuits.

" without the necessity of utilizing wire terminals. The capacitors
are humidity insenéitiVé, durable, of uniformly high quality,
.and the regect rate is extremely low.

As w111 be apparent to those skilled in the art and famil-

iérlzed w1th the 1nstant dlsclosure, numerous details in the

| fabricating.pfbcedufe may be varied withoﬁt departing from the
fsﬁirit of the invention. Such detéils include the fofmulafion of

the electrode, dielectric, and passivating cbatings,'and also the

thickness of such components. Additionally, the formulation and

‘thickness of the sputtered terminations may be modified to suit.
' o N

deéired end conditions.

W,
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arid the areas previously occupi ed by Id removed 15 I ncrenments thus
to cover the side. edges of said4solated areas. e. Formng by .
deposition .ovér- said deposited dgéggﬂﬁgic layer a further conductjye

| ayer. f. Renoving increnents of s rt her conduct- 20 ive layer
to define a second plurality of discrete electrically isolated conductive
areas in partial registry with the areas of said first plurality, each of

said first and second pluralmévhed eONdwEH UL ISy APatd tolrsd @hikhone
edge portion area out of registry with 25 . an area of the other said
plurality. 111111¢ofkptidds 14Hd 1stdpdd Iif11111 * * C L M S * 22 g.
Forming by vapour deposition a continuous |layer of dielectric
material 5 over saida. sBeewmidprairan iinswifatiing raubstglagetsri cal |y i sol at ed
~conductive areas and the areas previously occupied by said 5,
rermv@ increments, PhusForpirg Ry derositoreddeddn F4ln soa8NG LV at ed
.areas™h Severigg sai d substngte and, ] ayers which -define a matrix al ong
severance |ines nbf¥EF PUPRAF L BEi$34%, éhﬂﬁf%ﬁﬁ%j severance |ine being

-positioned C. Removing 'incremenis of said deposited
conductive layer to define a first plurality of
10 discrete electrically isoléted . conductive areas
'arranged in _roﬁs .and columns on said subsfrate.
- | d. Forming by vapour deposition a _éontinuous
layer' of dielectric material over said conductive areas
and the areas previously occupied by said removed
15 increments thus to cover the side edges of said
isolated areas. |
e. Forming by deposition over said deposited
dielectric layer a further conductive layer.
'f. Removing increments of said further conduct-
20 - ive layer to definé a second plurality of discrete
electrically isolated conductive areas in paftial
registry with the areas of said first plurality, each
of said first and second plurality of conductive areas
having at least one edge portion area out'of registry with

25 an area of the other said plurality.

-2 ¢ L OMOSs =



- 10 - to intersect the non-registeiz g portions only of said conductive
‘areas, apd, each said severance line endi ng t hrough -non-yegistering
portions of the conductiv% areas of a respectiye ong pof said layers only.

- g 58 §t1on %

i . Thereafter deposi fi*ng “By™d"Eput¥er VAGPEE ep”€B°% LR LR RS
Jhere | t . D
breas formed by Sa¥stecof, AleTARREIC CRBECPRAI OUGy 8 RPN

termnation Iayerpma&fi;%gewoaqgc%@st@ ggeghpﬂiap%tsﬁ%gseé@%ﬁd@c@{@és and

formtermnations of said capacitors. 2C . I'n accordance
with claiml angea’Cl 4gang thepeakeas Sﬁawmwyy séepsidac.slye, sgagnd ¢
I n advance of performng steps h and i, each said 25 severance |ine
produced by st ep rempvedt eddicremiehtayghthas- r egi sower Nth@ogid ©@nsdgés tae
conductive areas of alternate |ayers only, to thereby provide a capacitor

wher ei n each el esariddeecond isodptiededreésa plurality of |ayers of o
conductive material connected in parallel. 3. A nethod in accordance Wi Toef
claimland 5 i Bel uSeNgring Sedf Spbstpptsianf lavewrsitwhichnsul ating

" | ayer over the upper.nbst surface of the |ast app]jed said djelectrj | ayer
'inyadvahCe Of’Sé@gF#gg gapatr%x a?ong-seVerancgmqines normal to saig y

substrate, each said severance line being positioned

10 ' - to intefsect the non-registering poftions only of said |
conductive areas, and each said"severance line
extending through_nbn-registe;ing-portions of the o/
'Conductive’éreas of a réspective_one of said layers only.

i. Tbereafter depositing by a.sputteriﬁg Step a -

15- conductive termination layer over the exposed edge
portions of’séid conductive areas formed by said |
severance lines, so as to connect electrically the
termination layer to the exposed edge portibns of said

conductive areas and form terminations of said capacitors.

20
| | -/
2. A method in accordance with <claim 1 and
including repeating sequentially steps b,c,d,e,£f and g
in advance of performing steps h and’ i,:eabﬁ said
25 . severance Iine'produced-by step (h) extehding through

non-registering portions of the conductive areas of
alternate layers only, to thereby provide a capaéitor

wherein each electrode is_

* c L M s *
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Y e

matri x. 10

there are two.sets of severence Iineézgxtending at right angles to each
other to definé rectangles, one set qf said severance lines intersecting.

4. A nethod in accordance with claim11 in which

30

the non-registeri fgRoISIRE A& RURIdSY ok ilAyesef seadustive (he ot her

set of severance Iiﬂes. right aQeLes toﬁé e first set of severance |ines
“intersecting onl yY"#h&FH -‘f:‘b’ﬁb?ﬁ:tﬁ &N BAK “ween adj acent conductive

.areas. 5. A nmethod in accordance with claim1 in which 20 t he

sever ance

lines positioned to intersect the non- registering portions

said conductive areas;, i @R hdY Yct Jrdaicd CHILEN QhaRAr i ahhy

conpl eted capacitors,

“the condustive arghcl bdiendli e R FYTUGPPISidg  an barers §H8Liateng
' deposited on the exposed edges of the conductive areas to define

each side of said columm having an exposed edge of

of

Eternﬁ;\gtions covelayer aldver tihe appermbdstdges faeeboifhthieddasef appeiedl um
a

of ¢

citors,

and a slit is formed through the conductive

“termnation | ayersaid chtebéckr iof layercolinm a@@ance afd seweodigh saéd
~non-conductive material between each 24 of the conductive areas t.o
electrically isor@dt®elx¢he individual capacitors.

10
15
20
_\,/
25
30

4. A method in accordance with claim 1 in which
there are two sets of severence lines extending at
right angles to each other to define rectangles, one
set of said severanée lines intefsecting the
non-registering portions'of said conductive areas; and
the other set of severance lines at right éngles to the

first set of severance lines intersecting only the.

non-conductive layers between adjacent conductive areas. .

5. A method in accordance with claim 1 in which
the. severance lines positioned to intersect the non-
registering portiéns of said conductive areas in
adjacent _layers form a colhmh of partially completed
capacitors, each side of said column having an exﬁosed
edge of the conductive area, the discrete conduqtive
layers that are deposited 6n the exposed edges of the

conductive areas to define terminations covering all of

 the exposed edges on ”bbth sides of the column of

capacitors, and a slit is - formed- thrbugh the

~ conductive termination layer on one side of the column

and through the non-conductive material between each

—_—
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6. A'capacitor array conprising an ekgggate 5 i nsul at.i ng, .
substr.ﬁe,.defining a strip, a pluralty of spaced deposited areas of
conducPilve materi saj 4 p eac rea definin el ect rade,. a

& ca‘1"9"‘1‘%'!1‘}0‘? o‘%%sa 2 tﬁ(i < t‘%ﬁﬁﬁ or’rsé’g(ia&epl Gh&lIity

vapour deposited continuous Tayer I"elec

of el ectrodes COVfgdiuhéJgatégbégyga@gps 10 thereof and three edges

t hereof and exposing one edge of each el ectrode at one side of the strip, a
further plurality of spaced deposited areas of conductive nmaterial on said
layer of dielectric nmaterial, each of said further plurality of electrodes
being in partial 15 6. regagacitus h s riagspeohiprdsiagd aheckledgaet said
first plurality of el.ectrodes and having one edge out of registry with the
exposed ddge of skishld teiotg el sHr s deifrintingl ar altirtiy ,aad pllae adppeSbEe
edge exposed on the other side of said strip, a second vapour 20
deposited | ayer d¢iPafied diapdasi tedt ariedls of cenductivieemageviali bp esaid .~
el ectrodes covering the tqop surfaces, thereof and three edges thereof ancw
exposi ng said op IR eafde Freaxdafisingan edechaodelecer ¥aPeULa sputter
deposi ted conductjve . ~on .qne side of said _25 Strip electrically
connecting the ef%%§§ﬁﬁ%%£é§"ﬁPW£%ﬂ§ Yefeofi Adelgckriri pter il eePr odes,
a plurality of sljts fagr .n t ther side of said ri said slits
being aligned wi t%a%r e_éais 0555 1stg'l (?t}gtefriie%% ?8% i d gkeeieggtfﬂﬁ aces |
mat eri al ,1¢nd. 30.-therec® Wri e HiRROTaGeE nackBECahlCEEPERIRgObnECRSYSt T Ve

of each electrode at one side of the strip, a further

pPlurality of spaced deposited areas of conductive : %-)
material on said layer of dielectric matg;iél, each of
said further plurality'of electrodes being_in_partial
15 registry with a respective said eiectrode of said
| firsﬁ_plurality of electrodes-and haviﬁg one edge out
of registry with the exposed edge of said eledtrode of
said first plurélity and the opposite edge exposed on
. the other side of said strip, a second vapour
20 - deposited layer of dielectric material on said further
Plurality of electrodes cbvering the top surfaces |
thereof and three edgés_thereof_and exposing said
opposite_edge of each of said furthe;.elgctxodes, a
sputter deposited conductive 1aygr oh one side of said
25 strip electrically connecting the éxposéd edges of
each of the first plurality of electrodes, a.
plurality of slifs formed in the 6ther_side'of said
stfip; said slits being aligned'with_a:eas of said
- strip-which are free of elect:ode.material, and

'30. . sputter deposited discrete increments of conductive

S cC L M s *




111111111121711°131121121111111131 * ﬁ? M S * material on
said other side of said Strip,” said “2crete increments being I N engagen at

Wi th the edgés: of k%%;she%r d&g smgﬁegla@ 21 0a 04 et aOIasa' d stri’

5 7. A nethod of ma an e ectrlc ca aC| or s as

her ei nbef or e desaruse%@te méPeﬁEﬁ‘EErb&@hgcﬁﬂaSthéemevYﬁ!h'ﬁ@ dde 10

nmet hod as clained in any one of clains A capacitor arrdy as

-claimed in clai mof6thand1edlbsbatki akpyséd bR’ Sa MBEdOhéexr derdd idEGANd h
reference to and as. shown in the acconpanying drawi ngs.

strip.
5
ffﬁj : 7. A method of making an electrical capacitor
~/ '

' substantially as hereinbefore described.

8. An electrical capacitor whenever made by the
10 method as claimed in any one of claims 1 to 5.

N~ 9. A capacitor array as claimed in claim 6 and

substantially as hereinbefore described with reference

to and as shown in the accompanying drawings.
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