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METALLI ZERyglokAbdaeR ELECTRI CAL CAPACI TORS féfiﬁ%%?ﬁ of
<t he Invention 5 This invention relates to metallized m for

el ectrical capacitors. ' Referring to Figi' 1, filmcapacitors are
typically constructed by overlaying a pair of netallized filnms 1, 2
with a slight sideways displ acenent beforg winding the 10 filnms to forma
capacitor core. Qpposite ends of the re are sprayed-with a netal to
formelectrical terninals 4. The electrical termnals are soldered to
wires formng the capacitor's external electrical contacts. The
capacitor core nmay- sonetlnes be imersed 15 in a dielectric liquid within a
housi ng. 1A ] o4 FOR ®IF EAIn CAR2 RS | ayer of
nmetal 3 (e.g., zinc) dep03|t c u eb leC J t£ (e.qg.,
polypropylene) The netal |a entire surface of

the diel ecBric f||n1@kéépﬁnaaaﬁécmonmiauqaupqlnﬂtnalbmg% filo for

unnetall|ze@ygagyibajﬂcaﬂggitorgpnetaII|zed mar gi n nalntalns el ectrica
I sol ation bet ween_t tal igrs Qn gﬁtalllzed ilns 1,

and
ensures that each teR ﬁﬁggﬂgbﬁﬁb 11t & rc SR (CARARL XS are typlcally

constructed by overlaying a pair of metallized films 1, 2
with a slight sideways displacement before winding the

10 films to form a capacitor core. Opposite ends of the
core are sprayed with a metal to form electrical
terminals 4. The electrical terminals are soldered to
wires forming the capacitor’s external electrical
contacts. The capacitor core may sometimes be immersed

15 in a dielectric liquid within a housing. _ -

Each metallized film comprises a very thin layer

of metal 3 (e.g., zinc) deposited on a dielectric £ilm 3b
(e.g., polypropylene). The metal layer typically covers
the entire surface of the dielectric film except along

20 one longitudinal edge (the "unmetallized margin" 5). The
unmetallized maréin maintains electrical isolation
between_thé metal layers on metallized films 1, 2, and
ensures that each terminal 4 comes into contact with only
one metallized film. |

25 - Standard setting organizations havellong required

- that film capacitors include a resistor connected in

parallel (the “"UL resistor“). This is conventionally
provided, at significant manufacturing cost, by attaching
a separate resistor on the outside of the capacitor

30 housing.

. The ability of a film capacitor to store
electrical energy is limited by the electric field
strength that can safely be applied across the dielectric
film. In recent years, there has been a demand to

35 operate metallized film capacitors at higher electric
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However , as the field strength rises, the freguensy ¢f disleatric 5

faul ts ingt ey ¢ PPsCih Okhb NeaBaAEEEor increases” di electric fault occurs when
' | ocation jis ipsufficient, and

i ng' oceur st hr oudh Akl et S ARl (9GS e the LelertER o the
next. A di elsntength aattanparbictibarr doghtion is insufficient, and

' arcing occurs through the dielectric film from one metal
layer to the next. A dielectric fault may be the result

10 of, for example, foreign particles entering the capacitor
winding or local imperfections in the dielectric film,
itself. o | R ¢

Infrequent, isolated faults can be accommodated by
a process known as self-clearing or self-healing. The

15 metallizing in the immediate vicinity of the fault is -
vaporized by the heat generated by the large currents
flowing to the site of the fault. Conventional film
capacitors operate with an electric field strength (or
electrical stress) of between 60 and ‘84 V/micron.

20 Operating above a capacitor’s design field strength will
produce faults so frequently that they cannot
suddessfﬁlly be cleared, resulting in the capacitor
overheating and failing. | :

_ During self-clearing, two competing processes are

25 at work. Heat generated by current flowing toward the
fault is causing metal to vaporize around the fault, and
thus isolate it. But at the same time the heat and
arcing in the vicinity of the fault is carbonizing the

- surrounding dielectric (e.g., creating conductive, carbon

30 tracks), making it éonductive, and thereby increasing the
flow of current. A capacitor fails when the dielectric
faults occur:so frequently and so close to one another,

" and the amount of energy released in the clearing process
is so high, that vaporization-of-metal-arOund the faults
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10 inward from the edge, causing a portion of the metal
layer to become insulating. The resulting decrease in
the area of the metal layer causes a reduction in the
capacitance of the capacitor. _

The strength and frequency of arcing in the

15 capacitor across the unmetallized margin typically =
overshadows the effects of dielectric faults in the
capacitor, since the breakdown voltage between metal
layers in the capacitor is generally much higher than
voltages applied to the capacitor. Deterioration due to

20 corona discharge across the margin is thus a limiting
factor in operating the capacitor at either high voltages
or with thinner films.

Several schemes attempt to prevent arcing across
the unmetallized margin by reduclng the electric field at

25 the edge of the metal layer adjacent the margin. For
exanple, in Japanese Patent No. 50-8050, the metal layer
3 is made thicker near the unmetallized margin (at 3/)
(Fig. 2). In another scheme, shown in Fig. 3 and
described in Japanese Patent No. 50-85860, a

30 semiconductor layer 7 made of Si or Ge is formed over the
edge of the metal layer 3 ad]acent the margin 5. In
Japanese Patent No. 50-85861 (Fig. 4), an oxidized layer
8 is added between the edqe of the metal layer 3 and a
semiconductor layer 7. Japanese Patent No. 51-84061

35 (Fig. 5) describes adding a semiconductor layer 7 at the



- 3- does not occur quickly enough to halt the heating and
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dielectric faults, strong el ectrical fields nmay cause arcing, or corona
di scharges, 5 between a termnal 4 and a netal |ayer 3 across the

unnmetal lized margin 5 in the capacitor core. The corona di scharge causes
a deterioration of an edge of the netal- 4 4 ayer adjacent the margin, nopst

| i kely by oxidizing the nmetal |ayer. The deterioration progresses .
gradual |y lCedgecsfl themébaleclapercaubelowaapvigho reidtancet al | ayer

to becone 'n%%$+ééﬁ@#¢§ §§%Ltbng decrease in - the area of the neta
nin

| ayer causes capaci tance of the capacitor.
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thi cker hBarwhilke thetcentral margin §are9a}ns upnpgergﬂ- In anot her
schenme, shown in F'ﬁay&aﬂ&% U.S. Patent No. 3,298,864 teaches
applying a strip of semiconductive (e. g. ' metal oxide) ‘
material along ‘the boundary of the metal layer. The
semiconductive material extends only part way across the
15.unmetallized margin, thus maintaining the electrical =
isolation provided hy the margin.
a t I ve tio
In general, in a first aspect, the invention
features a new film capacitor in which the unmetallized
20 margin is provided with a semiconductive layer that
extends across the margin, to provide a resistive path
across the margin. This resistive path'can provide a
parallel resistive path within the capacitor, obviating
the need for an external resistor. Extending the
25 semicondnctive laier across the margin also improves
grading of the electric field across the margin (i.e.,
makes the field more uniform), thus allow1ng the margin
to be made_narrower w1thout.e1ectrical.breakdown,
permitting a reduction in the physical size of the
30 capacitor. -
Emhodiments of the 1nvention include the following
| features. The metallized film in the capacitor has a
surface resistivity in the range 10° a-cm to 104 g-cm,
preferably between 10° @-cm and 1012 n-cm. The
35 semiconductivellayer is selected from the group including
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of Si or Ggogsnbsyaned over the edge of the netal |ayer 3 g\g* ?‘71(
grargin 5. In Japanese Patent No. 50-85861 (Fig. 4), an oxidize ayer

8 is added between the edge of the netal layer 3 and a sem conduct or
| ayer 7. Japanese Patent No. 51-84061 35 (Fig. 5)describes adding a
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| ayer 3 below a hi Si . sem r| r_9. In a
variation of 3¢ c%glcé c‘%@é‘e aﬁb'g%éséggg‘g&é@eﬁ?&ﬁg "2’6‘ ﬁfé’f"("Fl g'rh%)
descri bes a omgtaxllizationnon the dielectrid F£ilm baswat vaxydsigl | ayer 3,
12 on each ofenjcidegstrfaces. The netallized film10 has a centra
unnetal | i zed nargln 5. The second film21l in_the capacitor is

non- netal | i zed. ddg@dgition, £ %rﬁfmic‘?ﬁﬂ‘bﬁt#‘é&ehlira‘ﬂ%YcS#EFéé Wit h

a sem condgcteer amé wetd Dl idatLohhéncener @hlﬂi&w hetwediitife uncovered.
Myl andt, U SmbRe{ladbion 408 664 SERLRRRR1e, BRI WA 20T of (e
metal |ayer. séﬁtnonduntdvanﬂmyervnayaexteaa exbrnéahuﬂapﬁiaﬁlymﬁh&mross
the entire area of the unmetallized margin.

In a second aspect, the invention features

10 providing a refractory layer intermediate the metal layer
and the dielectric film. The refractory layer extends
beneath substantially the entire area of the metal layer.
Preferably, the refractory layer is also semiconductive.
The refractory layer accelerates the self-clearing

15 process, by insulating the underlying dielectric film =
from the heat generated by the vaporizing metal, thus
hastening vaporization and reducing the tendency of the
dielectric film to carbonize. As a result, faults are
cleared with substantially less energy consumptlon.

20 If the refractory layer is also semlconductlve, it
has the further benefit of reducing the frequency of
faults in the dielectric, by reducing what is known as
field emission. This phenomenon, in which electrons
migrate across the film durihg operation, tends to

25 increase the frequency of faults in the dielectric.

The refractory and semiconductive qualities of the
intermediate layer allows a film capacitor to operate at
a higher electric field strength in the dielectric, and
-thus with greater energy storage.

30 Preferably, the same semiconductive layer provxdes
both aspects of the invention, by extendlng beneath the
metal layer and across the unmetallized margin. A second
metal layer (e.g., aluminum or aluminum-zinc alloy) can
be provided between the primary metal layer and the

35 dielectric film, and that portion of the second metal



15 unnetallized margi n, thus nmaintaining the electrical I sol ation

provi ded grar gin. Summary of the
I n general, 8 ok |n a flrst aspect, the invention features a€é§§$$¢§£2
- capacitor in which the unnetallized 20 nargin is provided with a

sem conductive | ayer that extends across the margin, to provide a
resistive path across the margin. This resistive path can provide a
parall el resistive path within the capacﬁtor obvi ati ng the need for an

external re |stor tendi ng the, 25 sem conductiye | ayer across fhe nargln
al so i nproved &#%% (ﬂéhQﬁfﬁﬂtﬁt e V?QFEPL¥+B§8 fﬂgeﬁaFBPnL
makes t he fb&hdum!datnnmaken;ttéamncbﬂduwtiwéheengrgito createe nade _
narrower Ww Ht el ectrical breakdown, permtting a reduction in the

physi cal si ze? P’fhe 30 capacitor. Enbodi ments of the invention
i ncl ude the foll ow Fae inventiens thushprevides 2cc¢apacitor tehat dgaci t or

has a  $unkase vitletabid td 'ké\;@ré wﬂ@%ie&hg&atssﬂ-eégr&e cm
preferably between 10]er H? cm and err] - cm sem conductive | ayer
i s sel ect ed ¥ R§ z%ldo "Hg S bkt oeply a small

-PCT/ US95/ 16e3pacitance change evgn when operated-at high voltages.
Other features and advantages of the invention
will be apparent from the following description of the
10 preferred embodiment and frdm_the élaims;

Figs. 1 through 6 are a schematic cross-sectional ‘
views of various prior art metallized film capacitors.
Fig. 7 is a perspective view of a metallized film
15 capacitor.core.constructed according to the invention -
(the core is shown partially unwrapped; it is normally
installed in a housing, not shown);
Fig. 8 is a diagrammatic cross-sectional view
through the capacitor core of Fig. 7 (with dimensions
20 greatly exaggerated for clarity).
Fig. 9 is a schematic cross-sectional view of
another metallized film. '
° Figs. 10 and 11 are diagrammatic cross-sectional
views of two other preferred embodiments of a capacitor.
25 | Fig. 12 is a schematic cross-sectional view of
another metallized film.: :
Fig. 13 is a representation of a manufacturing
process for the metallized films. -
Fig. 14 is a schematic cross-sectional view of a
30 partlally constructed metallized film.
Fig. 15 is a schematic cross-sectional view of a
finished metallized film. .
Fig. 16 is a schematic cross-sectional view of
another partially constructed metallized film.
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on the di elmazderioood i | m has a varying t hi ckness. q}(%s&
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The refractor%h éﬂFcBﬁ aes.Genaesﬁﬂan§;ﬁ§(ﬁhﬁacapa T RPER AFQyer
allows a fil r&cB@éﬁeaOtot thependt sptlays. a-megw:-eelﬁ:tri&miiﬁw strength

in the diel . thus with
Pref or abl 30 HSEAHESEcin BobiReFibd P afetaelit e SoHfeniGelicuid (e

i nvention, by(nuteshowg)beneath t he metal |ayer and across the
unnetal | i zed margin. RASSAML to Fig. 8, each metallized film 16, 17
: consists of a polymer f£ilm substrate 18. The polymer
film is a natural, semi-synthetic, or synthetic high =

15 polymer with good dielectric characteristics and a high
voltage and temperature tolerance. Examples of such
polymers include polyolefin, polyesfer, polysulfide,
polysulfone, polystyrene, fluororesin, a mixture or
copolymerized resin of any of the above materials,

20 polypropylene, polyethyleneterephthalate,

- polyethylenaphthalate, polycarbonate, polystyrene,
polyphenylenesulfide, polyphloroethylene, and a
copolymerization of tetraphloroethylene and

hexaphloropropylene, among other materials.

25 A thin metal layer 22 (100 to 300 Angstroms thick)
overlying the polymer f£ilm is formed from a metal with
good self-healing characteristics and a high '
conductlvity, such as 'Al, Cu, Sn, or an Al-2n alloy. The
metal layer is thlcker (at 20) along the longitudinal

30 edge adjacent the end spray, to improve the mechanical
and electrical connection between the metal and the end
spray. This thickened margin 20 is less than 5 mm wide,
and has a resistance of from 1 to 3 1/sq. 'The main area
of metallization 22 is from 100 to 500 Angstroms in




nmet al Iayer ., alum num or alum numzinc alloy) can be provided
F*ﬁ%ry
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sem conductive (e.g., to create Al2838. - The invention thus

provi des a capacitor "that is 5 less vulnerable to severe corona di schar ges
across the thnghnasﬂItquprananrtozweffectlvehselfshealyng,saaalfrom

capaci t ance q§p &gt high voltages. O her
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capaci t or c&we @dnxg.uct ed according to the |nvent|on (the core is shown
o 1Y A abpeib! uheBRITRERY, parblhl Bab e okl U Vi1SEY:
of positions other than at an edge of the unmetallized
film to suit capacitor usage. For example, as shown_in

10 Fig. 9, the unmetallized matgin may belplaced in the
center of the metal layer. In addition, a metal layer
and an unmetallized margln may be formed on both surfaces '
of the fllm. .

A semzconductive layer 24 or thin semlconductlve

15 film is provided over an entire wldth of each of the =
unmetallized ma;gins (Fig. 8). The semlconductor 1ayer
can be formed from any of a variety of semiconductors,
including_organic_materials, such as semi-conducting
carbon, and inorganic materials, such as a metal oxide.

20 The layer has a surface resistivity of 10° to 10%¢ a-cm,
with a preferred resistivity range between 10% to 102 g-
cm, with a resistance preferably at 3 x 109n/sq._
Semiconductors with a higher surface re51st1v1ty may not
effectively reduce the electrical field at the edge of '

25 the metal layer adjacent the mafgin. Semiconductors with
a lower surface resistivity may have a large dielectric
dissipation factor and cause "thermal :unaway"'in the
'capacltor. |

_ By extending across the unmetallized margin (and

30 preferably over substantially the entire area of the
margin), the semicohdqcting film.electrically connects
the metal layer to the_sprayed_ends,.and thus forms a
resistance connected in pa:allel to the capécitor. This
eliminates the need for installinq_a'discharge resistor

35 in parallel to the capacitor. In addition, the



t hrough the éapacitor core of Figf 7 (with dimensions 20 greatly

exaggerate rity). Fig. 9 is a schematic cr - .ona

Vi ew of qvaélgh'?ﬁ%ﬁnet allized film Figs. 10 and fmg’%’? .
di agrammati ¢ cross-secti onal views of two other preferred enbodi ments of
a capacitor. 25 Fig. 12 is a schematic cross-sectional view of
another netallized film Fig. 13 is a representation of a

manuf act uri ng process for the metal [iZed Til ns. Fig. 14 is a

schematic cross se 30 art| | nstructe tallized
i 1EphaliRor! 130el! & A Lign{fiGant Hedndfian' of
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contact with end spray 12, and similarly all of the
thickened margins 20 of £ilm 17 are in contact with end
spray 14. The films 16, 17 are offset to improve the
_contact between the thickened margins 20 and the end
10 sprays 12, 14. (For clarity, the end sprays are shown in
Figs. 2, 12, and 13 as not contacting thé metallized
films, but, of course, there is contact.)
The metallized films are formed generally by vapor
depositing a metal onto the-poiymer layer by using one of
15 various metal heating techniques, including resistance =—
heating of boats, induction heating, and electron beam
heating. An organic semiconductor is then coated or
vapor deposited onto the unmetallized margin.
Alternatively, a metal or metal oxide semiconductor may
20 be vapor deposited or plasma sprayed onto the margin.
Figs. 10, 11 and 12 show other preferred
embodiments of the invention. As shown in Fig. 10, an
intermediate layer 19 may be formed between metal layer
_ 22 and dielectric film 18. The intermediate layer 19 is
25 formed by depositing a first metal (e.g., aluminum)
across the full width of dielectric film 18. The
intermediate layer is deposited with a mask causing the
layer to be thinner at the unmetallized margin. Then, a
second layer of metal 22 (e.g., zinc) is metallized onto
30 the intermediate layer 19, except at the unmetallized
margin 23, where intermediate layer 19 is exposed. The
exposed area of the intermediate layer is then oxidized
to create semiconductive layer 24 (e.g., Al,0;). For
example, if aluminum is used for the intermediate layer,
35 aluminum oxide is formed at layer 24.



Ref erring to Fig. 7, capacitor core 10 conprises a 5 w nding of two
netallize Jdﬁh@ﬁ) 16, 17 (typically 30 to 125 mm wi de) . Ea.%gﬁﬁgﬁspray

is applied to each end of ‘the wound capacitor core (at 1

wires (not shown) for maki ng connections to the capacitor core are
soldered to the end sprays. The core is normally 10 installed in a housing,
imrersed in a dielectric liquid (not shown). Referring to Fig. -
8, each netallized film 16, 17 consi'st® &f a polyner filmsubstrate 18.
The pol yner filmgd sem nt het i ynthetic high 15

pol ymer with good dith %&'{’H 'ac?%r?ré%/‘ms ﬁngig FSI’] EH evol t age and

t enperature internadﬁatéx&ayb=slefmauche oxidigesd priot ute JpEplyimgin,
polyester, PObySBLELAR: metal?! KBULHARC sehl cHadcive TAAG0TSE dicedndl X! U1 ©

or copol yneri z resin g ove mat eri al polyprop ene,
pol yet hyl encd@¥esht heafull wig Py@@hﬁh@n&ﬁﬁ@hamﬁﬁyeﬁﬂﬂ e,
pol ystyrese, fi1mp@tyaﬁcnuheaesmhyeéezznolyphloroethylene and a

other material o o5e tesiqfiate TiveElor 515 120 A85EERR 00 tr one
thick) ovmfvaegoryeandl ;enicbnauctiveo qmd.:fuws 2  slretrdctorygood
S or an ADSHEESAEbLTbrERE"EnR ol c1 B FINY Hetddan SHY 370y (e
| ongi t udi naI insulagingdthecundendying §§e&pctmd rq:rhvefndm the heatal
£hi ckenedom g.%’?%'f%é?sb??é@&i YERBrLeindugeal’ ey HibtentRI M. ol from
1 to 3 [err]yapprizntieg; andregducipg hea tendencyh of the (digteckrie 500
Angstronms infilm to carbonize. As a result, faults are cleared with
- substantially less energy consumption. The
semiconductive gquality of the layer provides the further
15 benefit of reducing the frequency of faults in the =
dielectric, by reducing what is known as field emission.
This phenomenon, in which electrons migrate across the
film during operation, tends to increase the frequency of
faults in the dielectric.
20 Alternatively, as shown in Pig. 12, the metal
layer 22 is first deposited over the entire polymer film
18 except at the uhmetallized nargin 23. An extremely
thin film of metal or metal oxide semiconductor 24 with a
high melting temperature is then deposited on all or part
25 of the metal layer. The same vapor deposition apparatus
can be used to deposit both the metal and the
semiconductor layer: onto the polymer f£ilm with, for
example, electron beam heating or sputtering techniques.
| An example of a metallized f£ilm manufacturing
30 ﬁrocess, shown in Fig. 13, begins by unwinding a polymer
film 18 from a foll 100 in a vacuum metallizer 102 onto a
‘second roll 104. Al from a resistance heated boat 106 is
then deposited at a controlled metallization rate over
the entire width of the polymer film. Next, Zn from a 2Zn
35 crucible 108 is'vapor-deposited_at a eontrolled
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thi ckness woognigmez de for effective self-healing, and from pcrduéd;dshs

Yerr]/sqg. in resistance. The netal |ayer covers the entire upper
surface of each pol ypropyl ene fil mexcept along unnetallized margins 5
23, and extend al ong opposite |ongitudinal edges ‘on:the two fil ns.

The unnetal lized margin may be fornmed at variety of positions other
than at an edge of the unnetallized fi to suit capacitor usage. For
exanpl e, as n [ [ [ N
therrp center Of %&r;gt]%g? a&{aerf nga%}é{:ﬂg aﬁatﬁ&? g %Pga*ilﬁ‘ gﬁﬂml

unnetalllzedﬂm%ﬂg rﬂ%ﬂ?ﬁe*&Y%ﬁdz%n bERe Shickness OfO#hﬁhé1QQMnlaYer

A sem CondUCtﬂs/%dj&Mecﬁ‘bpruéfh@ seﬁasﬁnﬂﬁstameaf?afu keBel %nordfadiqﬁé)ver
an entire. wigih of ea

seni conduct o qr)ﬁﬁamﬁi%%nr e?f&ﬂig ?ﬁgiﬁéﬁggoggﬁg F&H %Gﬂéé is"

sem conduc® omade thinktanrgpcn@gul20nﬁbrrbetterscohtaetsmﬁwmcanﬂuct|ng

carbon, and | ﬂqger S X 20 The | ayer has a
surface reS|s Eﬂ%ﬁi? t%#ﬁgfgr% FE#?} ng Eﬁinﬁmtrla.preferred
resistivity range beN oxidizen d1e0[axnidiges qhe alleoy layerawith

r es:c stance pragf Ydijen, atoz')bﬁe L06£T6%y§8n gasSETaeRAI vt tad vy Fidy gher
surtace reSISTQQQQQQe 1n a low temperature plasma. As shown in Fig.
10 15, the oxidation forms a semiconductlng thin f£ilm 24
over the metal layer. The metallized film 16, 17 is then
wound up continuously on roll 114.
The metallized film is then slit at X-X’, Y-Y’/, 2Z-
Z’ to produce two sections (a) and (b). The (a) and (b)
15 sections are laid on top of one another with a slight =
relative displacemént sideways, and then wound to form a
capacitor element. The capacitor element is then sprayed
with a metal at its ends, heat treated, attached to
electrical wires, cased, impregnated with o0il and then
20 sealed to form a capacitor in a conventional manner.
Alternatively, as seen in Figs. 13, 16 and 17,
polymer film 18 is first unwound from roll 100 and
covered with an Al oxide semiconducting layer 24. This
is achieved by depositing Al from boat 106 onto the film
25 18 while pumping oxygen into the vacuum metallizer 102.
The polymer film is then removed from the vacuum
metallizer, replaced on roll 100, and pulled under an oil
sprayer 150. The oil sprayer deposits a layer of oil on
the semiconductor layer at the margin 23. 2n is then
.30 deposited on the semiconductor layer from Zn crucible 108
to form metal layer 22. The 0il layer prevents Zn fronm
being deposited on the margin. The metallized film is
then cut into two sections (a) and (b) and assembled into
a capacitor in the manner described above.



effectively reduce the electrical field at the edge of 25 the netal |ayer
adj acent W96 n. Seni conductors with a |l ower surfacePCTRISSYI6E3ZY may
have a large dielectric di ssipation factor and cause "thernmal runaway"
in the capaci tor. .By extending across the unnetallized
margin (and 30 preferably over substantially the entire area of the
margin), the sem conducting filmelectrdcgdly connects the netal |ayer
to the sprayed ends, and thus forms a ‘resi stance connected in parall el
to the capacitor. Td:tﬁer embbdiinents ae deth ifrorenen Boll lowihg @Ilasww ge

resi Stor 35 EPYidple ! Ld S riAld fhee 10v80%AL RonkiEE of

96/ 19002
-9- sem. acmml(att@r layear o &vilkise mwnmmensﬂwtl on of the

| ic f f
gl S; rallnfrat: ggl F'L?bﬁtg%l% O%émfggrﬁe?jéljﬁ zé??dfate %ayﬁgé I ter naf e |°n t he
wound cor& H€ Pg"t"ﬁ-@te | 1. Agrthangh 1 MR %P§?§§°20°9Fef ErSROVRr e in

contact with (and %hhablﬁimsﬂﬁéﬂéﬁﬂﬁéﬂé)Mé&ﬁdoéoféﬁ, théhttkenedawar gi ns 20
of film17 areln contact with end 7. .are offset

o | orove «iBtendaah K cayar, o 2 WEYL ds Fhackna Sararitera ono

cores (in which sheets of metallized film are stacked) .
What is claimed is:

i



10 sprays 12, 14. (Foum"ﬁulltnmlm d sprays are shown in Figs. 2,

12, and 13m5nmzcont i zed filnme, but, opceRYsGRs3d here
\is contact.) The® netall i Sed* films are formed general l'y by vapor
depositing a netal onto the polyner |ayer by using one of 15 various netal
heati ng techni ques, including resistance heati ng of boats, induction
heating, and el ectron beam heat i ng. An ?rgani c sem conductor is then
coated or vapor dep05| ted onto the unnefallized margin.

Al t tively, t :
ernatively, a me "l Ored it Oﬁqhe Sfﬂﬁof'gf'cﬁé’é fRYa QaQSC}SBQH and 12

deposited or plasm mar g
show ot her pr%#h‘h’éﬂtall zedaf iimt §°8Prtlﬁé-n9rivent|on As shown in Fig. 10,
an i nt er nedi at e Iayaleh%dm&)ef{m d between netal |ayer 22 and

dielectric film 18. Th nterm;c elae 191 5for gb iting a
first metal (e.g., ?ﬁ aﬁ gh‘ie??ﬂ' dP¥ebs Feﬁé@ﬁgf’grf‘-ﬂ m
18. bTheh' 5i nfe]:medsaié fayslt_ meteipldayesrdbeing suffilciemtsiycchie 1]:.0 I ayfar
to be thinneryat _ e er of neta
22 (e.g., zi nc§1 |é‘f§ dhéS{1 Eg%ﬂ?% |%t gyrfrr%dl aatuaﬁlcgg'iejré% except at
the unnetal | |<ila%lle°t%¢gfh1123 where internediate |ayer 19 i s exposed. The

exposed area of the igi eriﬁﬂﬂﬁﬂéﬁ/%afl:élﬁ *'@:E‘teggdnghgegll?ngf Sﬁﬂlﬁﬁf ?s used

sem conducti v 203)
for the int er‘ﬁ%ﬂfé‘?ﬁrfﬁyéﬁg%aﬁ umi num oxide is formed at layer 24.
WO 96/ 19048 a semiconductive layer exten®{figUa8P6&858Re

unmetallized margin to provide a resistive path across
the margin.

2. A metallized film capacitor, comprising a
wound capacitor core constructed using at least two =
15 metallized films, each comprising:
a dielectric film;
~a first metal layer deposited over the dielectric
film, said first metal layer being sufficiently thin to
be self-healinq upon occurrence of a fault in the
20 dielectric film; '
an unmetallized margin extending along the
dielectric film, the margins on the two films being
located on opposite edges; and
a semiconductive layer extending across the
25 unmetallized margin to provide a resistive path across
the margin and thereby a parallel resistive path within
the capacitor}

3. The subject matter of claim 1 or 2 wherein the
semiconductive layer has a surface resxst:.v:.ty in the
30 range of 10% Q-cm to 104 g-cm.



- 10 - hown in Fig. 11, the I nt er nedi at e
| ayer 19 M*‘%’é’ﬂ%ﬂ di km' F,I,%ﬂ“mﬁﬂlﬂyl ng t he second nePET/USISM6SINL
seni conduct i ve | ayer % s aeross the full width of the film
between dielectric 5 film18 and netal |ayer 22. The
internedi ate |ayer of Fig. 11 has both refractory and sem conducti ve
qualities. Its refractory nat ure aecalerates the self-clearing process,
by insul ating the underlying dielectric filmfromthe heat 10 generated
by the vaporizi ng netal  THéusubpadcte magter aﬁpolazmtaowherémedhel ng the

t endency of | BlalsO aC I lts are
cleared\Mtrégﬁlgbﬁéﬁgﬁgbg }ay%gss % er%@aggksumﬁﬁiﬁgidéﬁylin ﬁ@

sem conduct i ¥@ng@aPft §0 fﬂtﬁE Faydp gr%m¢ues the further 15 benefit of
reduci ng the frequency of faults in the di el ectric, by reducing what is
known as field em ssjion henonenon, _i n_which electrons nmgrate

across the f||ﬁ1§hﬁ|ﬁ??ﬂﬁ#§i§ h, mAtteE ¢6 FhaiBaleoFhe Vhegednc Fhss

faults i nst rweﬂiebndactﬁvezmayer comﬁktmusau walterizyl Suddcted Hiwom 12, the

oxcept at e dEPap| PECHLRETARIES SiPee Batde, SSlaHE axidh and o

nmet al oxi de emnbennductor 24 with a high nelting tenperature is then
deposited on all or part 25 of the nmetal |ayer. The sanme vapor deposition
appar at us can be used to deposit both the netal and the seni conduct or
|ayer onto the p0| yr%r f’l}l’;qnsm!{}pc# dFatter of CIaim or 2 wherein the

first metal layer has a varylng thlckness.

10 7. The subject matter of claim 6 wherein the
first metal layer is thicker at a longltudlnal edge of
the first metal 1ayer._

i

8. The subject matter of claim 1 or 2 wherein the
semiconductive layer extends over the first metal layer.

15 . 9. The'subject.matter of claim 8 wherein the
semiconductive layer coats an entire surface of the first
metal layer.

10. The subjeqt matter of claim 1 or é wherein
the semiconductive laye:;extends'between the dielectric
20 film and the first metal layer.

11. The subject matter of claim 1 or 2 wherein
the semiconductive layer is deposited over an entire
. surface of the dielectric film, the flrst metal layer
being deposited over the semlconductlve layer except at
25 the unmetallized margin.

o



exanpl e, electron bea erlng technlques An
exanpl e of wo ssaded2! | ze mﬂ”‘,mml ng 30 process, shownpciusbdiesiss
ibegi ns by unwi ndi ng a pbl ynen 8 froma roll- 100 in a vacuum

metal lizer 102 onto a second roll 104. Al from a resistance heated boat
106 is then deposited at a controlled netallization rate over t he
entire width of the polymer film Next, Zngdroma Zn 35 crucible 108 is

vapor deposited at a controlled WO 96/ 19002 , o

PCT/ Uth5/ 16t5'32 . 12. The stlzbjtect matter of cj.l.%\.llm 1 o:d%DQﬁiéi'éz’Ih [I_ﬁt e
over e enti Wi il mt.o r allo . e

t hi ckness of tHA& PF8§ R&?@Pd mﬁ%?%ﬂn?ﬁﬁ?ﬂpinﬁféﬁ lﬂﬁéktPﬁgPéiIGGgﬁt
the Zn cruci bb€. the Bielectmilce fidaf.erring to Fig. 14 the alloy layer is -
5 made thick at an edge 20 for better contact with the sprayed ends,

while margin 23 renains thin. Next, oxidizer 112 oxidi zes the
al loy layer with a3 oxyERe  sebjeet mﬂtsﬁmeﬁ gdaim dsmxr @ athexteizy gl ow

di schar ge ign ahéoa(em&%awmeoll% &ﬁ;@%'%'?/e?ﬂtﬁégnai Faps of

oxi dation forps a_seniconductin th| I m 24 ayer. The

metal |ized fi FRP1E1TEE metadeJaye hopt gxtending beneath| the,.
The netal | i zegirsktmmetalhday®n.t at X-X' Y-Y, Z-

14. The subject matter of claim 1 or 2 wherein
the semiconductive layer comprises an oxide of the same
10 metal used for the first metal layer.

15. The subject matter of claim 14 wherein the
semiconductive layer has been formed by oxidizing a = -
portion of the first metal layer after the first metal
layer is deposited on the dielectric film.

15 16. The subject matter of claim 1 or 2 further
comprising a second metal layer deposited between the
first metal layer and the dielectric film and extending
into the unmetallized margin in which area the second
metal layer has been oxidized to provide the

20 semiconductive layer.

17. The subject matter of claim 1 or 2 wherein a
main area of metallization of the metal layer is between
100 and 500 Angstroms thick.

18. A metallized film for use in a capacitor,
25 said metallized film comprising:
a dielectric film; .
a first metal layer deposited over the dielectric
film, said first metal layer being sufficiently thin to



Z' to produce two sections (a) and (b). The (a) and (b) 15 sections are

| ai d on tp defio603€ au ma muﬂuﬂ ght rel ative displa eways,
and then wound to fo !H "", " lﬁ | el ement. The capacitor e %%gﬁ#ﬂ1s

t hen sprayed with a metal at |ts ends, heat treated, attached to
electrical wires, cased, inpregnated mnth oil and then 20 sealed to forma
capacitor in a conventlonal manner . Alternatively, as seen in
Figs. 13, 16 and 17, pol yner film 18 }g first unwound fromroll 100 and
covered wit d ! er, 2 [ chi eved by
deposi ting %éf rorﬁ%%?fiﬁgnhﬁgﬂ ? Ehfn'gfhé§55f8%\/\ﬁ£1 éipt}r?plt??geaoxygen into
t he vacuumrﬂi%ﬂ§§§§#°1©21m: The polynmer filmis then renoved fromthe

vacuum - mretal | [zebn idietead idied Gdrgfid edtihdid cs1sngeEnan Of
sprayer 150 T oj | péﬁigr dE$OSItS a layer of oiT on t he

sem conduct & rrig n 23. Zn is then 30 deposited on the
senm condust or Iayerafmmﬂh&ctunynﬂdgeﬂiﬁhterﬂéuidténtméafifﬁyemeﬁal The oi

fiimis o hidl gid ne dfeidot Qﬁifgfﬁ s BT edry BB 07
‘capaci tor i rextending dreneathis @USQQDV 1ly thepegsire0@rea of the
PCT/ US95/ 16534al layer and the material of the" ré%ractory layer
being selected to insulate the dielectric film from heat
10 generated in the first metal layer during a cleating

event.

19. A metallized film capacitor, comprising a
‘wound capacitor core constructed using at least two
metallized films, each comprising:

15 a dielectric film; _
| a first metal layer deposited over the dielectric
film, said first métal layer being sufficiently thin to
be self-healing upon occurrence of a fault in the
dielectric film; '

20 . an unmetallized margin extending along the
dielectric film, the margins on the two films being
‘located on opposite edges; and

a refractory layer intermediate the first metal
layer and the dielectric film, the refractory layer

25 extending beneath substantially the entire area of the
metal layer and the material of the refractory layer
being selected to insulate the dielectric film from heat
generated in the first metal layer during a clearing
évent.

i

30 20. The subject matter of claim 18 or 19 wherein
the refractory layer is semiconductive in regions
intermediate the first metal layer and the dielectric
film, with the semiconductive nature of the layer being



i nt er mredi avo 9sa9udR MR

O her enbodl rrents are muml m ‘mm wi ng <l ai ns. For exanple, the
idensity i& E

provi ded. Al though a wound capacitor core is shown (and the clains
refer to a wound core), the clains are I ntended to cover wound as wel |
as stacked capacitor cores (in whichoshgeLs of netallized filmare

st acked). What is clained is: WO 96/ 19002

PCT/ US95/ 16532:ch as to reduce the frequency of fhillts in the 1. A
metal | i zed f||f1for use IP a capacitor, Saidnetal lized filmconprising:
a dielectric 94t¢dgetric £ilm., fj st petal |ayer deposited over the

dielectric

polypropyl

5 f|In1 said first metal |ayer being suff|C|entIy thinto

sel f-heal i ng upon ocgyrre I h ty fil

an unnetallized narg%#‘ex?@%ﬁ%%g%4€¥t§?¢#h§ % %*%ﬁﬁ ?@ iﬂnghfo
a sen1condwﬂﬁﬁﬁtd@@@!yextenucquuetéye iayer emhqadglmn&gjtmagln to
prOV| de a ge%ﬁéﬁ/ﬁpﬁédaﬁaféﬁn the margin.

10

15

20

25

22. The subject matter of claim 18 or 19 wherein

the semiconductive layer has a surface resistivity in the

range of 10° Q-cm to 1014 Q-cm.

23. The subject matter of claim 22 wherein the
semiconductive layer has a surface resistivity in the
range of 10% N-cm to 1012 Q-cm.

24. The subject matter of claim 18 or 19 wherein
the semiconductive layer comprises a material selected
from the group of zinc oxide, copper oxide, selenium
oxide and carbon.

25. The subject matter of claim 18 or 19 wherein
the first metal layer has a varying thickness.

26. The subject matter of claim 25 wherein the
first metal layer is thicker at a longitudinal edge of
the first metal layer.

27. The subject matter of claim 18 or 19 wherein
the unmetallized margin extends along a longitudinal edge
of the dielectric film.

28. The subject matter of claim 20 wherein the
refractory, semiconductive layer extends across the
unmetallized margin to provide a resistive path across
the margin. '

crylate layer on a | owperusdsalsizne
internmediate layers could also 5 be

be



2. Arretalllzedfllmc or rising a wound capacitor core

const r uctwe 939008 at“mﬁH “ allized filnms, each cop@msisngss?

a dielectric film netal | ayer deposited over the ,
dielectric film salofflrst rretal | ayer being sufficiently thinto be
sel f-healing upon occurrence of a fault in the 20 dielectric film

an unnetal |i zed margin extending alongtye - dielectric film the margins

on the two filns being | ocat ed on opposite edges; and a

sem conductive | ayeggext gRdi aabaeees&at:%ﬁ%ymﬁ'z@%mm neR@ provide

a resistive path acr oss the margjn and there parall el resistive path

wi thin t FeIFAGHAnYor semiconductive SIam Sﬁ'ﬁ%@éf ASFPE® of claiml or 2

_ wherei n t he substARAA ML iR drfyire haved 6firtheediatestrict ¥ilm.t he 30
range of 106 [err]-cmto 10[err] [err]- cm WO 96/ 19002

PCT/ US95/ 16532 - 14 - .
30. The subject matter of claim 1 or 2 wherein

5 the semiconductive layer extends across substantially the
entire area of the unmetallized margin.



4. The subject matter of claim3 wherein the sem conductive | ayer has a
surface re@eibagaty in the range of 10[err] [err]-cmto ROJESIS16532

[err]-cm _ 5. The subject, matter of claiml1l or 2 wherein the 5
sem conductive | ayer conprises a mat ¥6i al sel ected from t he group of
zi nc oxi de, copper oxide, selenium oxide and car bon. 6. The
subject matter of claim1l or 2 wherein the first nmetal |layer has a
varyi ng thi ckness. 10 7. The subject matter of claim6 wherein
t he first nmetal layer is thicker at a |ongitudinal edge of the first
metal |ayer. 8. The subject matter of claim1l or 2 wherein the
sem conductive | ayer ext ndsg\_/er t he fli rst nmet aI5I ayer. 15 9.
The subj ect mattef gl m & wherein the sem Qo y-ve | ayer coats an
entire surface of ' a . 0. Theﬁ_sr@}esl:E
matter of claiml ext ends t vieen
the dielectricg . (Prior Art)
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s -
20 filmand the first netal |ayer. 11. The subject matter of
claim1l or whydpoes N the sem conductive | ayer is deposi tegd%%;y%g?%

g

entire surface of the dielectric film the first netal |ayer

deposited over the sem conductive | aypyg except at 25 the unnetallized

mar gi n. WO 96/ 19002 '

PCT/ US95/ 16532 , - 15 - 12. The
subject matter of claim1 or 2 wherein the unnetal lized margi n extends

al ong a | ongi tudi nal edge of the dielectric film 13. The
subject matter Q aim1l1 or 2 wherein 5 thegsenijconductive | ayer abuts

pal | ayey, t extending
bj®ect matter of
an oxi de of the

FIG. 5
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10 netal used for the first netal |ayer. 15. The subj ect
matt er of AVRIMIAM2wherein the sem conductive | ayer has beawmrrisesqagdzby
exidizing a portion of the first ns €I Iayer after the first netal

| ayer is deposited on the dielectric { 16. The subject

matter of claiml1 or 2 further conpri sing a second netal |ayer deposited
bet ween the first metal layer and the dielectric filmand extendi ng

into the unnetallized margin in which area the second netal |ayer has
been oxidized to provide the 20 sem conductive | ayer. 17. The
subject matter of claim1 or 2 wherein a main area of netallization of
the netal |ayer is-between 100 and 500 Angstrons thick. - 18.
A netallized filmfor use in a capacitor, 25 said netallized film

conpri si ng: a dielectric film o a first netal |ayer

deposi ted over the dielect rQ’\.c film said fTY st nmetal |ayer being
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- 16 - w8 986/56003 - heal i ng upon occurrence of a fault int hq,crm(fggl?&g tric

efilm an unnetal li zed margi n extendi ng al ong the lrelectric

film and 5 a refractory |laggd internediate the first netal

| ayer and the dielectric film the refractory |ayer ext endi ng beneath

substantially the entire area of the nmetal |ayer and the material of the

refractory | ayer being selected to insulate the dielectric filmfrom

heat 10 generated in the first metal |ayer during a clearing event.

19. A nmetallized filmcapacitor, conprising a und capacitor core

constructed using at | east®t wo nmetal lized fil mgy each conprising: 15

a dielectric film : a first netal |ayer Heposited over the

dielectric filn s ' metal | ayer bei ng{sA iently thin to be
\\Nofice”of a fault in the gctric film 20

an unnetal | i zed mar g8 \Q g along the jc film the margins

on the two filns bei and a

refractory |ayer int and the dielectric

film the refractory

FIG.9

i

22

19

7
7

16
/
20
N

B

22
;\\\\\\\\\\\\\\\\\\&

FIG. 11

P LW IRTD NPT FLLE X F- OV PIELICI X ¥ X h i

Y

24

RECTIFIED SHEET (RULE 91)
A



*25 extendi ng beneath substantially the entire area of the metal |ayer
and the nRlohiase20f the refractory |ayer bei ng sel ect ed RCXUSHSULSI2E t he

,dielectric filmfrom heat generated in the first netal l|ayer during a

" clearing event . 30 20. The subject matter of claim 18 or 19
wherein the refractory layer is sem conductive in regions
intermediate the first nmetal |ayer and thegggel ectric film with the
sem conductive nature of the layer being . WO 96/ 19002
PCT/ US95/ 16532 = 17 - SuciTas—tor educe
the frequency ¢f faults in the dielectric film 21. The
subj ect matter jof_.cl ai m 20 rein the refractory, sem conductivell ayer
extends into the 5 | 1zed margin. 22. The subject |matter
"of claim 18 or {19 100
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"the senmiconductive | ayer has a surface resistivity in the range of 106

[err]-cm v ddioesy | [err]-cm - 23. The subject RETUSHS/WE3IL| ai M
: 22 wherein the 10 sem conductive layer has a surface resistivity in the
range of 108 [err]-cmto [err] [err] cm 24. The subj ect
matter of claim 18 or 19 wherein %yéen1conduct|ve | ayer conprises a
mat eri al sel ected fromthe group of nc oxi de, copper oxide, selenium
15 oxi de and car bon. 25. The subject matter of claim18 or 19
wherein the first netal |ayer has a varypgg thickness. 26.
The subj ect natter of clain125 mherein the flrst netal | ayer is thicker
at a longit{ Ty The

ext ends-

subj ect mat
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al ong a | onp
subj ect mat : ‘
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(57) Abstract

A film capacitor (10) in which a semiconductive layer (24) extends across the unmetallized margin (23) to provide a resistive path
across the margin. The layer provides a parallel resistive path within the capacitor (10), itself, obviating the need for an external resistor. It
also grades the electric field across the margin, i.e., makes the field more uniform, thus allowing the margin to be made narrower without
electrical breakdown, permitting a reduction in the physical size of the capacitor (10). A refractory (19), semiconductive layer is provided
between the metal layer (22), and the dielectric film (18). The refractory (19) layer accelerates the self-clearing process, by insulating the
underlying dielectric film from the heat generated by the vaporizing metal, thus hastening vaporization and reducing the tendency of the
dielectric film (18) to carbonize. As a result, faults are cleared with substantially less energy consumption. Preferably, the refractory layer
(19) is also semiconductive, to reduce field emission effects, and thereby decrease the frequency of faults in the dielectric film (18).




