1 SPECIFICATICN A netallized film a production nethod tﬁ%reof ang

"capacitor

using it Technical Field The present invention relates to
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nmetal i zed high polyner film-capacitor used in-an electric or electronic -
circuit, particularly a capacitor used as an across-the-line capacitor,

etc. Above all, it relates to a safety ktandard approval capacitor
conformty with various safety standards for ensuring that capacitors are

not broken or fired by the rush surge GRECHICAWLON to |ightning, etc. The
present invention also relates to a netallized filmsuitable for obtaining

sai d capacitor,

in
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filter capacitors are used for elim-nating t he noi se com ng fromthe line

into various household electric appl dapaepforaudim ¢t roni c apparatuses and

for preventing the noise generated in apparatuses fromgoing into the power
line. It can generally happen that a FraéchVFiefydrrent goes into
capacitors including noise filter capacitors when a i ghtning stroke

occurs. Lest capacThepyeséniulifvdidibh Aeantey tfc'é%tQYlFﬂ% h 4D p6 Wt

standards are established in respective nations to specif

be perfornmed fpim eapaditbprisequUrh adSe Witsec fdd fe%cmRP&'é;?E \)BEaf ety

st andar ds) .

The standards include, UL 1414, CAS
particularly a capacitor used.as an across- the-llne capacitor,

etc. Above alt, it relates to a safety standard approval
capacitor in conformity with various safety standards for
ensuring that -capacitors are not broken or fired by the rush

surge current due to lightning, etc. The present invention

_also refates to a metallized film suitable for obtaining said

capacitor, and a production method thereof.

'Background Arts

Noise filter capacitors are used for eliminating the noise
coming from the line into various household electric
appliances and electronic apparatuses and for preventing the
noise generafed in apparatuses from going into the power [ine.
[t can generally happen that a large rush current goes into
capacitors including noise fifter capacitors when a lightning
stroke occurs. Lest capacitors should be broken or fired by
the rush current, standards are established in respective
nations to specify severe tests to be performed for capacitors
such as noise filter capacitors (safety standards). The

standards include, UL 1414, CAS C22.2 NO1, VDE 0565-1, [EC

y severe tests to

0565-1, I EC



2 384-14, SEV 1055, JIS C 5151, etc., and furthernore NEMKO, SEMKO, DEMKO
-El, BS, etc. These standards, assum ng a |large rush current, specify that
when a voltage very high conpared to the rated voltage is applied for a
certain tine, the capacitor shall not becone abnormal or broken. To
conformto these standards, a 11.to 123 [err]mthick polyester filmand an
al um num deposited filmwith a wide margin w dth have been used, but since

t hey have quadBiéry4whfEW tif.ordtS CoSdhE, sebtdarayl durdheemygralEKD,

t ol erance, theﬁ have_a problemthat the fraction defective due to quality
di spersi on i REMK@, pPB itdn BSecéds-is large. To say concretely, the
rejection rate in @ mﬁthsh&pd voltage test is large. On the other hand,
there is a strong! ettt 2 rdSnnd s SURMENE ol @ i8S JUSHnQUTfelbe SRAGHTY

t hi ckness is teduced for wnsi zing,, the fraction defective |ncreases . as a
Lochni cal bof REEREER rorvalea: JeRY. b cromsanat gar s ord et s trd Sri
1 is a sche Le.drawm showi ng an_exanppl e of t.he sectiopnal, formof the
retal i zed f EPRTSPUCEAF T SBERATR SEnfi ffe epaci B SRakRofat | Rty g
show ng anot f the sectional formof the netallized filmof the
pr esent inve%?ﬁ%ﬁﬁggﬁgfaé}QKgma schematic drawi ng showi ng a further other

To conform to these standards, a 11 to 12 um thick
‘polyester fflm and an aluminunm deposited film with a wide
| margin width have been used, buf since tﬂey have quality which
conforms to. the standards at a very narrow tolerance, they
have a problem that the fraction defective due to quality
dispersion in the production process is large. To say
concretely, the rejection rate in a withstand voltage test is
farge. On the other hadd, there is a strong demanq for
downsizing capacitors, and if the fiim thickness is reduced
for downsiziné, the fraction defective increases as a
technical bottleneck for downsizing. )
Brief Des;rigtion of the Drawings
Fig. 1 is a schema}fc drawing showing an example of the
sectional form of the metaflized film of the present
invention.
Fig. 2 is a schematic drawing showing another example of
the sectional form of the metallized film of the present
invention. |

Fig. 3 is a schematic drawing showing a further other



3 exanpl e of -the sectional formof the netallized filmof the present
“invention. Fig. 4 is a schematic draw ng showi ng an exanple of the
sectional formof the-metallized films of the present invention overlaid to
make a capicitor. Fig. 5 is a schematic draw ng show ng anot her exanple of
the sectional formof the nmetallized fif{ms of the present invention .
overlaid to nake a capacitor. Fig. 6 is a schématic drawi ng show ng an
exanpl e of . t eaaabliei ofintizs e ctdenant foaki 0f i thé hee danqgieedimpt&f tryer
zone of the netallized filmof the present invention. Fig. 7 is a schematic
dr awi ng shommmgsamtapmmsmtmnlfor producing the netallized filmof the
present invention. Fig. 8 is a.schematicc drawi ng show ng an exanple of the
sectional form ofFégcapds momcpnmdhceddbwm@rsllmwmg andexamsli o ft Niche

metal lized filns of the present invention into a.roll. Manings of synbols
1 . metal PReEHORR | nfagmm wﬁetpeemeha!lnwt#nﬁuijZOf thehbgéseot ymer film3 .
rmargin 4 - deposited netal |ayer zone 5 boundary zone 6 | o]}

coveri ng the'ﬁﬁ?@?#ﬂﬁ’°Vef|@aéu@ﬁ1ﬂ%kéi#l@ﬁﬂftltor--

F:g. 5 is a schematic drawing showlng,anbther example of
the sectional form of ‘the metél!ized films of the present
invention ovérlaid to maké a capacitor.

Fig. 6 is a schematic drawing showing an example of the
aluminum-zinc content ratio in the deposited metal layer zone
of the'metallizéd film of the present invention.

Fig. 7 is a schematic drawing showing an apparatus for
producing the metallized fiim of the present invention.

Fig. 8 is a schemafic drawing showing an example of the
sectioqal form of a capacitor produced by overlaying and

winding the metallized fiims of the present invention into a

roll.
. Meanings of symbols R
I : metallized film of the present invention
2 : high poiyme} film
3 : margin
4 : deposited metal layer zone
5 : boundary zone
6 : oil covering the margin

7 : vacuum metallizer



48 unwi nding roll 9 : wnding roll 10 : cooling drum 11 o]

: evaporating-nozzle 12 . Al evaporation source 13 : Zn evaporation
source 14 . low tenperature plasm treatnent device 15 . oil evaporator
16 . pressure gauge 17 . control system 18 . out put power supply 19

exhaust vacuum punp 20 : schoop layer 21 . electrode | ead portion

Di sclosure of the Invention The object of the preserit invention is to
provi de a capaci t:ounwhhghngsSrenel | in the fraction defective in inspection
and can prevent the dielectric breakdown of the high polyner film -
particul arl y8 at theimdiggnrehd the boundary with the deposited nmetal |ayer
zone mainly, likely:-to suffer breakdown due to the high voltages applied in
the tests ofikaf et gogf amgladdsy and furthernore, to provide a snall
capacitor excellent in performance, a netallized filmused for producing
it, and-a pridduct:i emipeverera ting dofzzle

12  : Al evaporation source

13 : Zn evaporation source
14 : low temperature plasma treatment device

15 : oil evaporator
16 : pressure gauge
17 : control system

18 :'output power supply

19 : exhaust vacuum pump
20 : schoop layer
21 : electrode {ead portion

Disclosure of the Invention

The object of the present invention is to provide a
capacitor which is smatl in the fraction;defective in
inspection and can prevegt the dielectric breakdown of the
high polymer fifm particﬁ!arly at the margin and the boundary
with the deposited metal layer zone mainty likely to suffer
breakdown due to the high voltages applied in the tests of
safety standards, and furthermore, fo provide a small
capacitor excellent in performance, a metallized film used for
producing it, and a_production process thereof.

The inventors studied intensively, and as a result, the



The inventors studied intensively, and as a result, the 5 object of the
- present invention could be industrialy advantageously achi eved by the
present invention with the followi ng constitution. [1] A netallized film
conprising: a polymer film a netal |ayer having a surface resistance of
1[err]/sqg. - 15 [err]/sq. deposited onsa portion of said polymer film said
pol yner film having another portion defined as a nargin having a surface
resi stance ofbjlect. bd[ dhie] pkesedf stnvert i eouddi b pwdds omi ald yf ree of
deposited netal; and a 0.02 to 1 mm w de boundary zone of deposited netal
fornmed betwemﬁvadtagdepaﬂutedhneteﬂ tyaytdre amdsehé nmwgptuoﬂnwuhhcdmmlnuously
decreases in thickness framthe.deposited nmetal layer to the margin. [2] A
met hod for phodwsiing soretakét kenl- pol ynmer film conprising the steps of
vapor -depositing an oil on-a surface of said polynmer filmor coating a
surface of said fdlykemefsl hizad if idm,oicompyapbee ceplanasidg dangded lameb a
portion of said polyner filmin.a vacuum netallizer; and controlling the
quantity of &0 dlﬂ“éﬂﬁﬂl te by ampdecdsgdsi vi by %)rs‘tfofe?tqeng'eérﬁdtﬁﬁFﬁt af ni ng .
the wi dth of BE boumdary one between, t he gep05|t d netal r and the

s a5

margin in alr dof ol 92X 6qi'n?n‘“1§'" N‘c,t péciib afﬁob‘ir't‘e’ot & P tyilndi ng
| Gent cal Il PYSESY Pfr'n'eg"e&rmw%.m Bﬁyiiingfvﬁﬁa'éﬂzeaafv' 238 having
e S S AR Sl by Ffhashhl REELS0e 2RF o 8, g o0 ©
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at least on one side of a high poiymer film. '
[2] A method for producing a metallized film, in a process

of producing a metallized high polymer film by vapor-

depositing an oil on the-surface of a high polymer film or

coating the surface of a high polymer film with an oil and

sébsequently vapor—depositing a metal in a vacuum metallizer,

comprising the step of controlling the qugntity of the oil

applied by vapor-deoositign or coating, to keep the_width of

the boundary zone between-the deposited metal! layer zone and

the margin in a specified range of 0.02 to 1 mm.
{31 A capacitor produced by winding into a roll or

stacking high polymer films respectively having a deposited

metal layer zone destined to be an electrode with a surface

resistance of 1 Q/sq. 15 Q/sq., a margin with a surface

resistance of 1 x 10'° Q/sq. or more, and a 0.02 to 1 mm wide
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the deposited netal |layer to the margin. 6 The | argest feature of the

s present invention is that a netallized filmhas a specific boundary zone,
i.e., a 0.02 to 1 nmwide boundary zone where the thickness of the
deposited netal |ayer decreases continuously fromthe deposited netal |ayer
zone to the margin, and that if the newallized filmis used to make-a
capacitor, the dielectric breakdown of the high polynmer filmat the margin
and the boundauxdZene: ondn ekes O Y Rt Reen Tt Meplos Peed afetad Fapedi zgnt s -of
the Invention A schematic sectional view of the netallized filmas, an
enbodi ment ofntdheh@reaein Ay eddntdnubes BNAWL riedsFhg. il the ThRI PKMERNG f
invention is not limted to or by the enbodinment. In Fig. 1, synbol 1

denot es the rhheal¢pmsddeldi hatof Kayerpfesmnthe neposi bed m2tad hayér palngner
film 3, a margin; 4, a deposited netal |ayer zone; 5, a boundary zone; and
L, the wi dthtof thhemdr@indaay bemsd. oThendigidepolf yaehigh lpmlgmén tile.present
invention is obtained by molding a natural, or sem.-synthetic or synthetic
hi gh pol ymer resithe Agdeesal featariai gl plmwmemtl fmverdd oof i that et i ¢ hi gh
polymer resin is preferable in view of heat resistance, nechani cal
properties, gpg&{ihngdpﬁéb@rhqgag sR@acific boundary zone, i.e., a 0.02 to

1 mm wide boundary zone where the thickness of the deposited
metal {ayer decreases continuously from the deposited metal
layer zone to fhe margin, and that if the metallized fi-lm is
used to make a capacftor. the dielectric breakdown-of the high
potymer film at the margin and the boundary zone can be
prevented.

The Most Preferred Embodiments of the Invention

A schematic sectionél view of the metallized film as an
embodiment of the present invention is shown in Fig. 1. The
p;esent invention is not limited to or by the embodiment.

in Fig. 1, symbol 1 denotes the meta!lized film of the
present invention; 2, a h;gh polymer film; 3, a margin; 4, a
deposited metal layer zone; 5, a boundary zone; and L, the
width of the boundary zone.

The high polymer film 2 in the present invention is
obtained by molding a naturail, or semi-synthetic or synthetic
high polymer resin. Above all, a high polymer film made of a
synthetic high polymer resin is preferable in view of heat

resistance, mechanical properties, electric properties and
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7 physi cochem cal properties. Preferable synthetic high polyner resins

- which can be used here include polyolefin resins, polyester resins,

pol yam de resins, polyimde resins, polyam doini de resins, polycarbonate
resins, polysulfone resins, polyphenylene resins, polyarylate resins,
fluorine resins, polystyrene resin, pojyallylene resin, etc. Especially,
pol ypropyl ene, polyethylene t erepht hal at e, pol yet hyl ene napht hal at e,

-p°|yph¢ny“1%3§“U{ %“558 é?@é?fp {8 and pol ystyrene . are nore preferable in
es C

mechani cal oper propertles Above al |, polypropylene

polyethylene ¢ enabtchaties PRt PPLY S 30T/REPNLRSI & S SaResiabbus

preferable in view of st an I't age e neta of t he deposited

metal |ayery hed G ift fude" o1 98PEF| @145 fdsT tp%Aly§§t5?‘rré’§rd§ 'vd 15 el cal 'y

conducti ve, g able e selected from , - Co,
N andt hei rp &y 1YS polkyG mid8OPEs I HEMpAlyanddoif¥de Sﬂes ﬁisC p%ﬁ@cﬁ?%%@@' ein
‘view of corona deterioration resistance. Above all , -Zn loy is nore

preferabl e fgy iMis§WpQli y§UIl $bHE €r & £5 St P¥ATphe Ry PORe. d:eéﬁmsqr %Tallf:?ﬁ ryegitst ance
and self- healability. Especially preferable Is a deposited netal  |ayer

fornmed by aresAlnsZn fadlub@ynet hes M s,cputianttyraheor ¢, qarttyarit! ytet@0) /-( Al
content + Zn content)} of which changes continuously as C2 < Cl [err] C3 or
C2 < C3 [erngsi@l (ewoer eEffecbathe /hlol(ymnmomﬂena,tmnlatetthrydemrface of the
deposited netal |ayer; C2, that at
terephthalate, polyethylene naphthalatg, polyphenylene
sulfide, polycarbonate and polystyrene-ére more preferable in
mechanical properties and electric properties. Above aifl,
poIypropylene;poiyethylene terephthalate and polyethylene
naphthalate are especially preferable in view of a high
_withstand voltage.
The metal of the déposited metal layer zone 4 is not
especially limited as far as it is electrically conductive,
béing able to be selected from Al, Zn, Cu, Ag, Au, Sn, Ti, Co,
Ni and+their alloys, etc. Among them, Al, Im, Cu, 3$n, etc.
are preferable in view of corona deterioration resistance.
Above all, an Al-Zn alloy is more preferable in view of
moisture resistance, corona deterioration resistance and seif-
healability. Especially preferable is a deposited metal flayer
formed by an Al-Zn alloy, the Al content ratio {(Al content x
100)/ (At content + Zn content)} of which changes continuously
as €2 < C1 = C3 or €C2 < €3 = Ct (where C1 is the Al content

ratio at the surface of the deposited metal layer; C2, that at



8 the center in the thickness of the deposited netal |ayer; and- C3, that
"at the interface with the high polynmer filn) in the deposited netal |ayer
and 0.5 to 15 wt% preferably 8 to 12 w%in the entire deposited netal

| ayer. Above all, an Al-Zn alfoy with an Al content ratio distribution of
C2 < Cl [err] C3is preferable since the self-healability is |ess
deteriorated. The resistance of the deposited netal |ayer nust be 1 to 15
[err] /sq. Ahessadiedl lig phefthixknessande the . Qemcsﬂzhdduyia! layerheand—
resistance of the electrode portion (active portion) is 4 to 12 [err]/sq.
when the depdsit ddakerdl theybrtarsfapedaithi therhioh a2 latseut 2 (ud Sanbhe
portion in contact with the schoop |ayer as a so-called heavy edge, as
shown in Fig. €P°sﬂ6Fd|HﬁFGblkﬁyQQNﬁmﬂjﬁe§l@@né%s“ﬁ%)tﬂﬁ§f§dhbép Bajer]2
especially th mnthihand vol tage and tan gerr characterlstlc can be

i nproved. To%'4i 48 tRE ST ﬁqé§ﬁ§ﬂaﬁé a bt lg¥pd-debovecal ket an Abydt

Is nore prefe bIe t for very thin |ayer of an oil ar deposited S|I|con
Aok

or erQS|teda§ Iﬂcgh Foditente radiea bsEﬁ'qq{é°&eﬁésP?e bbtS Clajér.
depos t ed et %E?hﬁ?%hﬂceei it S haRLRRT T e TRk 8l s Poret erer s to
o e o PR PUREL A ESCREROP Sl Y PR (L
in Fi ?eg.lon\’?f? ODRR! Y5tk ) A, BWeGPan e EARAORS o' 16 ROVEFAY 290° ehE' T

res:stance of the electrode portion (act:ve portion) is 4 to

12 Q/sq. when the deposited metal layer is made thicker in an

about 2 to 5 mm porfion.in contact with the schoop layer as a

so-called heavy edge, as shown in Fig. 2, for improving the

adhesiveness to the schoop layer, especially the withstand

voltage and tan § chard}teristic can be improved.

To raise the moisture resistance of the deposited metal

tayer, it is more preferable to form a very thin léyer of an

oi! or deposited silicon or deposited si}icon compound on the

surface of the deposited,metal layer.

It is important {haf the metallized film has a bouﬁdary

zone 5 between the deposited metal layer zone 4 and the margin

3. The boundary zone refers to a region which continuousliy

decreases in the thickness of the deposited metal layer from.

the deposited metal fayer zone 4 to the margin 3 as shown in

Fig. 1. When observed by an optical microscope, the boun&ary

zone refers to a region with a width (L) of 0.02 to | mm,



preferably about 0.02 to 0.5 nm nore preferably 0.02 to 0.25:- nmm

- especially preferably 0.05 to 0.2 mm where the brightness changes gradually
fromthe dark portion of the deposited netal |ayer zone 4 to the bright
portion of the margin 3 as shown in Fig. 1. The conventional netallized
films for capacitors nmust not have a centinuously unclear portion at the
end of the deposited netal |ayer as specified in 4.3 "Margin width" of JIS -
C 2319-1977p¢bkeadl iy exhopdl YeBleto 0. Srama,omorapaciefers) |y hd oftopleérabl y
used conventional margin form ng nethods is the tape margin nmethod in which
a tape as wiile eshedia Irhar glfnfesawthacﬂﬁastﬂaﬁmisNﬂlowhehe gt righyfimessfil m
to be netallized, for formng a non-netall.ized zone In) as a nar?ln
with a cl ea¢hm6&rydw@ﬂme2r@mtm@p{y& o ridoal of 5 Ieae ided mpéa
margin.  Another conventional nethod is the oil nmargin method in which an
oi | "is depobt¥ed W"e\ﬁaﬂeréﬁﬁohf!&ma ag i aop ft hBe nBR & it O ashshpwghin

pol ymer f|| Si he deposited netal |ayer ? s npot adhere to the oi
portion. t§-ard fy e 88 ﬁﬂﬁf@“%ﬁtq@tﬁﬂé‘ﬁﬁﬂg hF%Bt 0. G RES bBERbar v

fone 9 o 44 oA e BRERREE U A I o
J P K|
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t echni ques not contai n ea at t hat
- One of preferably used conventqonal margin forming methods is

the tape m#rgin method in which a tape as wide as the margin
is placed as a mask on the fhigh polymer film to be metallized,
for forming a non-metallized zone (mafgin) as a margian with.a
clear boundary between the deposited metal layer zone and the
margin. Another conventional method is the oil margin method
in which an oi{ is deposited by evaporation in a width of the
m#rgin on the high potymer film, since the deposited metal
layer does not adhere to the oil portion; To clarify the
boundary with the margin?(not to form the boundary zone 5) as
‘in the tape margin method, it is proposed to use a special
fluorine based oil unlikely to allow the deposition of the
metal as stated in Japanese Patent Publication (Kokoku) No. 3-
59981 or to cool the film before or when the film passes over
the metallization source as stated in Japanese Patent
Publication (Kokoku) No. 63-57932. These conventional

techniques do not contain any technicaf idea at al{ that a



10 boundary zone with a specific width is formed and controlled as in the

- present invention. The present invention has been conpl eted based on the
finding that if a boundary zone 5 with.a specific width is fornmed, the

di el ectric breakdown of the high polymer filmparticularly at the boundary
between the margin and the deposited negal |ayer zone where breakdown

mai nly occurs can be prevented even if high voltages are applied in the.
capaci tor tlheestndarycaoherwitly aisdecifd csafidth ¢ ahaewels.andf caindireddedc
breakdown occurs at the boundary- between the margin and the deposited netal
| ayer zone,29 titofthenpappeat si teered igenonmenon t hat the schoop | ayer of the
capacitor is broken. Furthernore, as shown.in Fig , I's nore preferable
that the narglnT@el§f€§%%¥ekﬂWMWQ1°§nhéFIb6931¢ﬁﬂﬂﬁﬂi§ﬂth@ﬁeﬂheﬂoﬁhels t 00
slight to be.specified, but the existence of the oil can be detected by
X-ray el ecthidiggedhabstbpy t(%ﬂad’ﬂ Z8eR) 5 bt eyPecdd ishdidthnisig. 2,

when the netallize o forma.,r sta ked with ot her

i denti cal raedy gh£t%f%4§°ﬁt 5 fﬁﬂ&#&?&b?é ﬁHb'Héngﬂ BBEfi bhkw bet ween
R e e i s T
or o oAbl debRS O GTRAIR i 1Bhe' FRFPE P BKeark oI SBRard TefLl O
the oil 6 %@dptg9ented even if high voltages are applled in the . :

capacitor test in conformity with the safety standards. If

dielectric breakdown occurs at the boundary between the margin

and the deposited metal layer zone, it often appears as a

phenomenon that the schoop layer of the capacitor is broken.

Furthermore, as shown in Fig. 3, it is more preferable ‘

that the margin 3 is covered with an oil 6. The .amount of the

oil is too stight to be specified, but the existence of the

oil can be detected by X-ray electron spectroscopy (XPS or

ESCA). Moreover, as shown in Fig. 4, when the metallized film

is wound to form a roll gr stacked with other identical

metallized films, it is preferable the margin portions between

respectively two adjacent overlying portions of the metallized

film or the two adjacent overlying metallized films are filled

with an oil 6, more preferably free from any air layer formed

there. In this case, the oil 6 can be compatible with the oil

used for impregnating the capacitor, so that the oil 6 and thg

impregnaat oil may fill the margin portions, to eliminate any



i npregnant oil may fill the margin portions, to elimnate any air |ayer.
It is preferable that an oil exists in the margin portions, so that the
mar gi n. portions between the overlying portions of the netallized filmor
the overlying netallized filns.formng Z capacitor are filled with the oil,
to be free fromany air layer. O cour & the margin is-intended for
electric insulation, and the surface resistance should be 10[err] [err]/sq.
or nore. Marig ;bweEr abl & is pre feemb e[ that /an.0idr exdsds Fhgthe sargin
schemati c dramnng showi ng an apparatus for prodUC|ng the metallized film of
the present PoméAns onso THe hretfito@ar g nppotitica sy be tveeal theceverining the
present invention is briefly.described belowin reference to the drawi ng.-
The present ppﬁ@éﬂﬂfoﬁf|%h‘hc9t3tla|'rh‘lzéé fbimromythenioy eghpbng nemta ! I 28 uum
netal lizer 7 |s |nternaJI%ireduqed 'to a Predeternlne pre sure (vacuum

degree) by &1 Béutﬁr{%tﬂﬁ) Fapgrddos apect bl Hﬂé@sﬁgé s b e dd&fed, a

predeternln?d oi 1 i's.vapor-deposited onto a high polyner f|In12 unwound
from an unwi ﬁaﬁnb“¥oﬂ1rffa¥q{rough an opening for the width of the margin

ot Cactuall Y SRPESIYRY i, b o 02 M chDoo P B L S halhtr 1 e
oo B AP ATT CRe T oo LT I
preferable is 10 '? O/sq. or more.
Fig. 7 is a schematic drawing showing an apparétus for
producing the metallized film of the present invention. The
method for producing a metallized film of the present
invention is briefly described below in reference to the
drawing. The present invention is not limited to or by this
embodiment. '
A vacuum metallizer 7 is internally reduced to a
p;edetermined pressure (vacuum degree) by a vacuum pump 19.
§hen a specified pressure has been reached, a predeterﬁined
oil is vapor-deposited onfo a high polymer film 2 unwound from
an unwinding roll 8, through an opening for the width of the
margin width (actually approximately twice the width of the
margin) of an oil evaporating nozzle 11 controlled at a
specific internal pressure identified by measurement. Then,
from an Al evaporation source 12, a predetermined amount of.AI
is evaporated, for acting as nuclei of Zn and deposited on the

-

high polymer film 2, and in succession, from a Zn evaporation



hi gh polynmer film 2, and in succession, froma-Zn evaporation 12 source
"13, Zn is evaporated to be deposited so that the surface resistance of the
deposited netal |ayer may be as specified. Subsequently, as required, the
deposited netal |ayer zone, the boundary zone and the margin are treated on
the surface by.a gas plasnma containing pxygen atons using a | ow tenperature
pl asma devi ce 14, 3,d furthernore, as required, through the narrow opening

of an oi |l evdcs ddr150chhtsARTR t8d 4 bAt depesi trbsoutdaitadhiei fied by
Goposi toq mAtdFatsy &35 SLERCE e hiGndapg oS Lnd Rokh k HEYRH B0 beoas
formed 1o womedis) e NebTERdeai Yo, 28 RerFhes Fy Lhocdnoo3t tof RAER Lacuum
mothod 11 #evsE; 8ngy bl e 1SCERRE o d TS ol 3P EFET S inmry
forsi e 0. TReSuRFREECRY (£l D aRhE] OOy (R EAGL ofv@en AfpR o FIBD A0 at P ng

nozzl ¢ 11 190§eRpkbecs b @ A OV LYPRL 0T 9T LSRRV gRuos (vacuum

gauge) 16, and the output signal 1s applied a control s em 17.

pressure Tncblai ek, CYRRAIAH Ithe RAFEOR difed tnedidlfl 3HCHY 1T RIS MR Gyely gval ue
it is fed back to a heater output power supply 18, for contro 0 keep the
controfled at an internal pressure identified by measurement,
an oil is- evaporated and deposited on the surface of the
deposited metal layer zone, the boundary zone and tﬁe margin.
The metallized fifm in which the deposited metal layer zone
and the margin are formed is wound by a winding roll 9, and
finally taken out of the vacuum metallizer 7, beiﬁg slit into
a necessary narrow width and reeled.
In this method, it is very important for control{ing the
width of the boundary zone, to measure and control the
internal pressure of the oil evaporating;nozzie 10. To
described in more detail? the pressure in the oil evaporating
nozzle 11 is measured by a diaphragm type or other pressure
gauge (vacuum gauge) 16, and the output signal is applied to a
control system 17. [If the pressure in the oil evaporating
nozzle 11 is different from the set value, it is fed back to a
heater output power supply 18, for control to keep the
pressure in the oii{ evaporating nozzle constant, so that a

predetermined quantity of oil vapor may be always formed, to



pressure in the oil evaporating nozzle constant, so that a predeterm ned
.quantity of oil vapor nay be always formed, to 13 nake a predeterm ned
guantity of the oil deposited on the surface of the high polynmer film 2.

On the margin with the oil deposited,.the A .- acting as nuclei and Zn are
not deposited or are very slightly depo&Bted.. As shown in Fig. 3, the.oi
covering the margin does not exist with a uniformthickness, but exists
With a crestmake akpeededtestiidltquoimtiity o§ theiobt ceposditedhen the netal is
deposited, the oil is parti.ally evaporated at the end by condensatjon heat,
and that theurdtagle of depokigledolymenydids pr opdh titn magedifevbth the
concentration, to form a-boundary zqne .contjnuously decreasing in .

thi ckness. Tidr dieoosited. i thedl matdaet AaL “Fﬁ'?hea’?/delzzﬁt 28/ BRftween the
amount of the oil covering the margin and:the. degree of evaporation at the
end of oil, dewesiited of 2R GqY Géé&hﬁﬂ&ygeﬁﬁsiﬂggrtani role in formng the-

boundary zone. The low te ature asma, treatnent ,is preferabple for
controliing the hSdERO%S {T"Eg:r'tgouﬁ'da bezﬁhé SHEEE e itﬂ'ﬁr. @Wﬁgnt?b}é,\espﬁbontonenon :

adnesi on botider i P R eyt @ o WiERaSrRL Fub hORE MSRRLPEEL ¢ f oot ment
e EIRTRR TR, by Lce S PP KRR s
is deposited, the oil is partially evaporated at the end.by
condensation-heat, and that the metal is deposited in inverse
proportion to the oil concentration, to form a boundary zonme
continuously decreasing in thickness. Therefore, it is
estimated that in the relation between the amount of the oil
covering tﬁe margin and the degree of evaporation at the end
of oif, the kind of the oil used plays an important role in
forming the boundary zone.
| The low temperature plasma treatment is preferable for
controliing the width of the boundary zone and for improving
the phenomenon that the capacitor generates a noise when a
voltage is applied if the adhesion between film layers is
poor. The low temperature plasma treatment refers to exposing
the metaflized film to a plasma generated by the discharge
iditiated and maintained by applying a high voltage of direct
current or low frequency, medium frequency, high frequency or
other alternating current, or microwaves, etc., for modifying

the surface.



current or |ow frequency, nedium frequency, high frequency or other

- alternating current, or mcrowaves, et.c., for nodifying the surface. 14
The netallized fil'mof the present invention is wound to-, forma roll or
stacked with other identical metallized filns, and processed as usual, to
make a capacitor with a high withstandjyoltage. Especially it is nore
preferable to use an oil conpatible with the oil covering the nargin 3 and-
high in. electrithemedadiliiged £¢Tuhel| e gyiesen toi nyest e & dwadi tor with
a higher withstand voltage can be produced. An oil can be judged to be -
conpati bl e PfR theobl |ocatackad Wheh nablfth ideniti cahehe ta bbkaed) fid@sec
sanpl e bottle containing 30 cc each of the oil used to cover the margin 3

and the inpRBANBRICHIIEd RssUptnti eh? | Baknhak&dPanytar, Wikl & dighand for 30
e e EhE A 30 s BRI, P ab U Rl Dl BB S o
of the met aPf PogtRastih e it ch 8 FEE dare ook nF cgEre bk 2t Mighokhor n s
cccord 10, { R P TR o, 1 L AR ST S et o (e
0L 1 LT B R R SFEEA v P b id 1o T eanant ol
An oil-can be judged to be compatible with the oil
covering thé margin 3, if when 2 sealed 100 cc sample bottié
containing 30 cc each of the oil used to cover the margin 3
and the impregnant oil is sufficiently shaken and allowed to
stand for 30 minutes, the mixture is not separated into two
layers or not suspended, being &issoived transparently. As a
~ more simpler method, a éwab.impregnate& with an impregnant oil
is used to apply the impregnant oil to the surface of the
métallized film from the deposited metal layer zone to the
margin 3 according to JIS K 6768-1971 ‘W;t test methods for
ethylene and polypropylege films", and if the coating width of
tﬁe impregnant oil on thé margin is not narrowed and remains
the same or widens, the impregnant oil can be judged to be
preferabie. '
It is more preferabfe that the oil covering the margin is
a silicone oil and that the impregnant is also a sificone oil.
An especially exceflent silicone oil is dimethy! polysiloxane

-

or methylpheny! silicone oil.



It is nore preferable that the oil covering the margin is a silicone oi

rand that the inpregnant is also a silicone oil. An especially excellent
silicone oil is dinethyl .polysiloxane or nethyl phenyl silicone oil. 15
The margin 3 of the netallized filmof the present invention refers to the
margin (free margin or the margin stated in JIS C 2319-1997) forned for
ensuring the insulation between the deposited netal |ayer and the sphoop

| ayer as shown i rTh@ garginahdofil the et artdrigied fotm saf ethe wrelsanitsm proposed
in Japanese Patent Publication (Kokoku) No. 1-21613, Japanese Patent _
Lai d- Qpen ( KoKEARE iNds refepstost hdared@0dd r eeioma 60BT 967, thet @argdn a margin
fornmed to keep el ectrodes sepdrated. Even conventional capacitors with such.
a margin fors ek y ird d Rafi & Q_)‘T'@marfgifﬂeﬂofﬂRe%’!ﬁltfg'ﬂeﬂbd(bte&(bdesllosbpm at teﬁ
have a problemthat dielectric breakdown occurs at the boundary between the
depositgd né‘ceatlweleéyéﬂezgﬁ@"-&hbedt-r@tr?drdiaM,e"té)“ olfts sab@opapa¥efyas but the

capaci tor prqduced by.usipg th tallized filmof the present invention is
reﬁar kabl ypi "Gvéd tht hg' par'b‘gl”gr%" ARgafgreais g}r‘”sa"f"é‘te;”nﬂéﬁﬁh!’b?ﬂ can be -

S50 ISR, 1R, JBRNGPY FRSSE el Eeherh Bl o SPARTES (U
remains aft g pRe3k! pZALA P a 20BN (KOREI A " £225508 and 7-86088,
.USP'SOSYSGT, efc., or a méréin formed to keep e!éctrodes-'-
separated. -
Even conventional capacitors with such a margin for safety
mechanism or a wmargin for keeping electrodes separated have a
problem that dielectric breakdown occurs at the boundary
between the deposited metal layer zone and the margin, to
lower the capacity, but the capacitor produced by using the
metallized film of -the present invention is remarkably
iﬁproved in the problem.
A margin for safety mechanism can be formed as described
in Japanese Patent Laid-Qpen (Kokai) No. 63-114956 (USP
4832983). In the metallized film of the present invention,
the oil & remains after metallization, to cover the margin 3,
and the boundary zone 5 is formed.
In the conventionai'ﬁetal!ized film for a capacitor, it is
important for quality that the margin does not have the
boundary zone and that no oil remains on the margin. HoweverL

in the preseat invention, the boundary zone is formed and the



and the boundary zone 5 is forned. In the conventional netallized filmfor

"a capacitor, it

is inportant for quality that the margin does not have the

boundary zone and that no oil remains on the margin. However, in the
present invention, the boundary zone is fornmed and the 16 oil remains on
the margin on the contrary, to invent aegretallized filmwth a very high

wi thstand vol tage. The capacitor using the netallized filmof the present

i nvention i so'sbﬂtez!ltﬂllésagﬂath:%lpw&l(ﬂr ofioit hanceppt 4 at iton llﬂéqmtrang a high

wi t hst and voltaq I s especially excellent as a capacitor in conformty

with the saffgig

filmof the pres

ét'&ﬁdafdé“r%ﬁﬂ! & rvgfm §lhehi !fhélmm«k/dmlégsg The metal lized
i-nvention is suitable for producing a small capacitor

with excel | ent pi?‘FoFﬁ&‘ﬁEb‘o‘TH’é'ﬂ& ANgi EEHaH 128 't‘ﬂeoﬁrégénﬁfﬁrﬁﬂbﬁﬂ i on

has the nmar |n cgvered with

films. So,- H‘é’eé‘

ke t nmetal lized

t
ﬁ%nffoﬁ‘éﬁt’?’gﬁaélstSrCﬁHﬁﬁf Rk ﬁf(r)"inr\rllgr‘]‘clégg?ﬁhﬁ@%uch as

b d,, b t f
Course for E'Jhce&'a‘ﬁé??éfg EL%h iR s afd o Vo FPeE an”e s lfgip?tﬁn%ﬁf%l essi ng |
t ize he presen
F(r)nr/]glnz : 82:5 I;?tses?aﬁtp?%p%re rﬁ?w@? g %\gﬁ"aﬁ” té'c&’r'd?‘ gﬁfos’l‘ﬁ% ¥ OFI owi ng
met hods. (1ktgﬂUEP§#F+éthF|d@ wfBn2w| PAstand voltages. The metallized

film

of the present invention is suitable for producing a

small capacitor with excellent performance.

.The metallized film of the present invention has the

margin covered with an oil unlike the conventiona! metallized

films. So, the conventional capacitor manufacturing

conditions such as press conditions may be required to be

.changed, but it is 2z maiter of course for the persons skiiled

in the art, to set optimum processing conditions suitable for

the respective metallized films.

In the'present invention, physical proeperties were

measured according to thg following methods.

(1) Composition of Al-Zn alloy

Nine square centimeters of a metallized film sampie was

dissolved by diluted nitric acid, and the solution was diluted

to have a volume of 20 ml. The solution was analyzed by I[CP

emission spectral analysis, to determined Al and Zn. The 1CP

emission spectral analyzer used was Model SPS1200VR produced

by Seiko Denshi Kogvo K.K.



Ni ne square centinmeters of a netallized filmsanple was dissol ved by
‘diluted nitric acid, and the solution was diluted to have a volunme of 20

m . The solution was anal yzed by I CP enission spectral analysis, to
determ ned Al and Zn. The I CP em ssion spectral anal yzer used was Model
SPS1200VR produced by Sei ko Denshi Kogyg K K (2) Al -Zn conposition

di stribution Afger.electron;spectral anal yzer, Model AMP-10S produced by
JEOL was usefZ} A ltdinecoimpies ik { emdd It nitbiutd oat chi ng the surface of the -
deposited netal layer with Ar iens. Ar ion etching conditions Accelerating
vol tage: 3 kV. Sarfyfigercad eehfon 1specty qleanp Ipzer cilatte [r 44— 18§0prpduced nin
internms of Si O th Measuring conditions Accelerating voltage: 3 kV Slit
No.: 5 Sanpl%gcﬁééta s gsed1bo “def etaimiec Al nand néa vy l@ngitehing tkgrees Beam

diameter: 10 -Jerr]mThe -filminterface refers to the position at which the
Al cont ent b%t’[cfer?é'@ Hﬁxitﬁﬁnﬁ’?wsa‘ bed g taded aYe hevidh ASnt@RS-i ncreases to

reach the j nrum and, subsequently decreases in a range fromthe center in
t he thickng?gldP“tﬁgcaéﬂgsféhé?kﬁﬁﬁﬂ layer to the filminterface. The

content ratio at (hg R vottage: 3 kv

Sample current: 1 x 10 ° A

Etching rate: 190 #/min in terms of $i0 ,
Measuring conditions

-Acceterating voltage: 3 kV.

Siit No.: §

Sample current: 8 x 10 8 A

Sampfe inclination angle: 72 degrees

Beam diameter: 10 #m

The film interface refers t6 the position at which the Al
content becomes maximum in a range where the Al content
increases to reach the maximum and ﬁubSﬁquently decreases in a
range from the ceater in_the thickness of the deposited metal
layer to the film interface. The content ratio at the maximum
point is expressed by C3.
(3) Width of boundary zone

The boundary between the deposited metal layer zone and
the margin was measured at a magnification of 50 to Ihﬂ times
using an optical microscope, and the value was read to thé

third decimal place, being rounded at the third decimal place.



point .is expressed by C3. (3) Wdth of boundary zone The boundary between

- the deposited netal |ayer zone and the margin was neasured at a
magni fi cation of 50 to 100 tines using an optical mcroscope, and the val ue
was read to the third deci mal' place, being rounded at the third decim

pl ace. 18 For measurenent, a slit rédBl was used. Measurenent was
effected at 10 points at 50 cmintervals of the netallized film and the

| onest val UEOTtRea sy parent v A Sdidnfot havas dissde vHEASUGRRRNbINES ned. (4)

Exi stence of gn oil on the margin The nmargi.n was-observed b PS (ESCA), to
confirm \/\heFﬁZFCB?d rfok ‘ton@%inltgeifs?%oc.m lifderyadac o f ste 1'!)@};266 Zgdoduced by

SSI Exciting, ; qch ti zed KlL.err .2 rays (1486.6 e

phot ool ot r b Bs ol Srgavestr rhffeactha iisinatoya LY rand 10 Setaeng
ener gy of CI§ ngin peak vas ﬁdjusted to 284.6 eV. Since XPS has a good
sensitivity 3¢ EH GBI At the oil as a contaminant is detect ed.

covever, 1 RSP BOKCAF AL hERegi, e, fLon Cromthe vetectea
: The margin was observed by XPS (ESCA), .to confirm whether
or not the oil existed.

Instrument: $SX-100-206 produced by SSI

Exciting X rays: Monochromatized Al Kal.2 rays (1486.6
eV) -

Photoelectron escape angle (8): 35°

Energy correction: Binding energy of CIS main peak was
adjusted to 284.6 eV.

Since XPS has a godd sensitivity, it can happen that the
oil as a contaminant is detected. However, if the margin is
cdvered with an oil, the signal from the .detected oil is
remarkably high, to allow distinction from the contaminating
oil.

(5)-Mo{ecular weight distribution of the oil on the margin

The surface of the metal{ized fiim was washed by isopropyl
alcohol, and the oil contained in the washing was measured
using ge! permeation chromatograph GPC-244 (Waters) and
differential refractometer detector R-401 (Waters), and
molecular weights were calibrated using polystyrene.

-

fn the case of a silticone oil with pheayl groups, TSK-gel-



(5) Mol ecular weight .distribution of the oil on the margin The surface of
‘the netallized filmwas washed by isopropyl alcohol, and.the oil contained
in the washi ng was neasured using gel perneation chromatograph GPC 244
(Waters) and differential refractoneter detector R 401 (Waters), and

nol ecul ar wei ghts were calibrated usinglyol ystyrene. In the case of a

silicone oil_wth phenyl groups, TSK-gel- 19 G30QOHXL (1) and G2500HXL
(1) (Tosoh d%#&ﬂgﬁx&éié¥u§g@ Qﬁﬂ&&nﬂgs €Xasph c&o amMede used a8 and 4,
and Conparative Exanples 1, 2, 3 and 4 On an.8 [err]mthi-ck pol ypropyl ene
film a depd@!®#SAl-zn alloy layer with a total width for two zones of 33

nm and a nmargi n .(non-deposited zone) gth a total width for two zones of 5
nmwere forned in Exanples 1, 2, 3 an SConpar ative Exanples 1, 2 and

R R R e
an b1 Tor formt b Fhet o&RGEHIEE & ORHGIRIRALI AR hiretne "
AR G e T Sl R G SRR
Wi dth short g rpPRN(HEF-d¥dis te@CLURE) Ywith 2 total width for two zones

_of 5 mm were fofmed in Examples I,-Z, 3 anﬁ 4 and Compaiatfve

Examples 1,'2 and 3. In COmﬂarative example 4,fa deposited.AI

layer with the same width and a margin with the same width

were formed.

{n Exdmplies 1, 2, 3 and 4 and Compara}ive.Examplés 1, 2

and 3, a metallic pipe (margin nozzle) containing an oil for

forming the margin or a'bolypropylene film unwound from the

unwinding side of a vacuum metallizer was heated, to evaporate

tﬁe oil from an almost rectangular hole opened on the surface

of the pipe, to have a width shorter thgg the width (actually

approiimately double the?width) of the margin by the thermal

expansion allowance in the width direction, for depositing the

oil at the portion destined to Be the margin on the surface of

the film at a vapor deposition rate of 400 m/min. Then, Al

was vapor-deposited'and in succession, Zn was continuously

vapor—deposited. In succession, except Comparative Example 3;

all the surface of the deposited metal layer zone, the

boundary zone and the margin was treated by a low temperature



approxi mately double thewi dth) of the margin by the thernmal .expansion
-allowance in the width direction, for depositing the oil at the portion
destined to be the margin on the surface of the filmat a vapor deposition
rate of 400 mMmmn. Then, A was vapor-deposited and in succession, Zn was
continuously vapor-deposited. In succesg on, except Conparative Exanple 3,
all the surface of the deposited netal |ayer zone, the boundary zone and
the margi n wissmaecafedxpgem daw tamdpoubseqeent {s2hayl ddensefie oxi/bers dbe; and
subsequent |y had the sane oil as the margin oil evaporated and deposited.
Then, the fimaneddsonbueiamyr ated adidndeposited ) n Thepathei (&l Beapiwwwd the
filmwas wound after it had Zn vapor-deposited.. The tenperatures of thée Al
and Zn evapd¥a@i §hndbue cesl wer d nc§ampara bive Exadwrheaddepbei f bbn asal | ayer
of 2.4 wt%in entire Al _content ratio, 6.0 w%as d, 0.1 ww%as C2, 14.0
w % as C3 av@uadiaffeysit haf Zasivapascéeronktefbrgin oil used in Exanples 1,

ool ysi 1 oxane of BB TSRARKALRI SE. 811 i 8a d TS0 RVAPBERELRN Lip iriredy Vst
nozzl e was EOREFE | e tn Gumod, aRas1 e R fRIar 1260 T wf ot HEOhddour ea at 10
R Nl e N R PR P R R O T
' wt¥ as C3 and 4 Q/sq. in resistance.
The margin oil used in Exampfes 1, 2, 3 and 4 and

Comparative Examples 1 and 2 was pﬁenylmethyl dimethyl

polysiloxane of 520 in MW and 1.0 in MW/&N.(SHYQZ produced by

Toray Dow Coning Silicone K.K.). In Example 1, the internal

pressure of the margin nozzle was controlied at 60 Pa, and the

boundary zone widths measured at 10 points at 50 cm intervals

in the siit roll circumferential direction were 0.02 to 0.04

mﬁ. Simitarly, in Example 2, the pressure was controiled at

52 Pa and boundary zone widths were kept;in a range from 0.05

to 0.07 mm. fn Exgmpie %, the pressure was controlled at 45

Pa, and the boundary zone widths were kept in a range from 0.2

to 0.4 mm. {in Example 4, the pressure was controlled at 35

0a, and the boundary zone widths were kept in a range from 0.8

to 1.0 mm. In Comparative Example 1, the pressure was

controlied at 70 Pa, and the boundary zone widths were kept in

a range of tess than 0.01 mm (like an ordinary margin). In-

Comparative Example 2, the pressure was control{led at 25 Pa,



52 Pa and boundary zone w dths were kept in a range fromO0.05 to 0.07 mm
‘In Exanple 3, the pressure was controlled at 45 Pa, and the boundary zone
wi dths were kept in a range from0.2 to 0.4 mm In Exanple 4, the pressure
was controlled at 35 Oa, and the boundary zone w dths were kept in a range
from0.8 to 1.0 mm In Conparative Exaﬁbfe 1, the pressure was controlled
at 70 Pa, and the boundary zone wi dths were kept in a range of |ess than
0.01 nm (| i Kdathgr GpHAAY T yredafi Wi diths Ceeperien t/d tErarphee 2f remel .of esur e -
was controlled at- 25 Pa 2.1 and the boundary zone w dths were kept in a
range from 1-3 #8: 1[8 kg se |axampdes. ekAnpe E&r et Gen toeftBecnEessbr e Hal
pressure in the qil eggﬁgé finmg nozzle, the margin. ngzzle tenperature was

control | ed tthec8idr&¥ I dgzelen the m1eid A932dei benpesaiwre was
Conpar ati ve Ex I , . perfluoro pol yéester oi] s used as the margin oil,
and the oil %94 gB'EFgSE r%PQ&i?'kéSP Fesip ey 1 Rui ﬂe°ﬂﬁeeﬁﬁPbT4ﬁﬁﬂ§Ezle
tenperature was,control.led to keep the boundary zone width at |ess than
0.01 mm (i I?gzéllleo'r dinary oil margi.n). In Conparative Exanple 4, a heat

T, G SeRBRRLE €% ATSCBREATR 4P, Si 3, BB
T s oS LTl (PR THOLPSTEL Vgl o998 PRKas ot © O
Pa, while the margin nozzle temperature was controlled to keep
the boundary zone width at less than 0.01 mm (like an ordinary
oil margin). | |
In Comparative Example 4, a heat re;istant film was used,
and a margin zone corresponding to two margins with a total
width of 5 mm was formed at a vapor deposition rate of 300
a/min. According to the tape margin method, Al was vapor-
deposited to form a deposited metal layer with a resistance of
4.Q/sq.
The respective metallized films were slit at the center of
the deposited metal layer zone and at the center of the margin
zone, by an ordinary method, to have metallized film reels (19
mm wide) respectively with a deposited metal layer zone width
of 16.5 mm aﬁd a margin width of 2.5 mm.
The slit metatiized fiims were overlaid by an ordinary
method as shown in Fig. 2 and wound to form rolis
respectively, pressed, had a schoop layer attached, heat--

treated and had an etectrode attached, to make element



4 [err]/sq. The respective netallized filns were slit at the center of the
- deposited netal |ayer zone and at the center of the margin zone, by an
ordinary method, to have netallized filmreels (19 nm w de) respectively
with a deposited netal |ayer zone width of 16.5 nmmand a nmargin w dth of
2.5 mm The slit netallized films were2@verlaid by an ordinary nethod as
shown in Fig. 2 and wound to form.rolls respectively, pressed, had a schoop
| ayer attacleadacidars aseshaxn diid Figd 8n eTkear odeeyamegehéapresnabee -

el ement 22 capacitors as shown in F[?. 8. Then, they were jnpregnated -
with di met hyi tloldygeithxhneo bisiloxeoecei li ATA0 scoksiity v isaasht¥bramd with an
epoxy resin by an ordinary method, to produce 0,15 [errLF capacitors. These
capaci tors RIBOL8IALI B 3h Py 188hn\ O AR gy MM rypBeitaads of 0 1P rAdH RS
according tag QL 1414, to .exam ne their breakdown conditions. The capacitors
wer e vi sual 18 10bdf VePafitar Sconpl etion of ‘test, and furthernore,

Nor eover. the malBFRE GiPagidorss BRR Fecky 1ok Sk St SPE0ohAR (Al B3yt o
check, et Sy REA"BRPLLN R, SEEEFPadl A S0 Gl SPOBhRN S o
(Exanpl es 1b9%aﬁhd”ﬁr@bnditions. The capacitors were visually observed '
after completion of test, and'furfﬁgrmore{fdisassembled, to
confirm the breakdown positions by an optical microscope.
Moreover, the margins of the metallized film reels were
observed by XPS, to check whether the margins were covered
with the oil. |
The results are shown in Tabfe 1. [t can be seen that the
products of the_present'invention-(Examples 1 to 4) were

{[ittle broken, showing very excellent performance.



little broken, show ng very excellent performance. 23 Table 1 G| vapor

. Wdth of Result of oil Br oken Broken position pressure
" the anal ysis by XPS sanpl es/ Tested (Pa) boundary
sanpl es zone (L) (M) Exanple 1 39 0.02 - 0.04 Much oi
3/ 100 (Iar P signal) Exanple 2 52 .0.05 - 0.07 Much oi
1/ 100 (Iarge S|gnal) Exanple 3 45 0.2 - 0.4 Mich oi
0/ 100 (I ar aqe:af' 35 Q-3 -0 -\ oi |
1/ 100 (nedilum Si  si gnei vaped rfp awids & bfVE Resuit of o O BloR&S t hanroken posiidvlic| Oi |
29/ 100 Br oken P@S@h@dp Ekenpljendysis by XPS | samplesiTested D). 01 (14drge
Si signal) Pa) ﬂj? cF boundary pf WEP¥sitkd netal |ayer
zone, or slfi ghtly inside dep&%m@} metal) Conpprative 25 .
-1.5 ,nvcun ot +8+34G0- Br-ok rear—SscRoopP Exan‘,ai. €
(medi um Si ||siEysmgle)! 60 | 0.02-004 por 5\-21 bourtfy of deposited n@}t al
| ayer zonel or slightly in%Lde targe Si signal)
I Example 2 52 0.05 - 0.07 Much ol 11100
{large St signal)
Example 3 © 45 0.2-04 Much oil 0/100
(targe Si signal}
Example 4 35 08-10 Medium oil 11100
{medium Si signal
Comparative 70 Less than Much oil 29/100 Broken at schoop
Example 1 0.01 (large Si signaf) portion{at boundary of
deposited metal layer
zone, or slightly inside
deposited metal)
ﬂ Comparative 25 13-15 Medium oil 18/100 Broken near schoop ”
Example 2 (medium Si signal) portion{at boundary of
deposited metal layer
zone, or slightly inside
deposited metal)
| Comparative 40 Less than Medium oil 56/100 Broken at schoop
Example 3 0.01 {medium F signal) portion{at boundary of
deposited metal layer
“ zone, or slightly inside
| : deposited metal)
Comparative - Less than Contaminated 100/100 Broken at schoop
Example 4 0.01, tape {slight Si signal} portion(at boundary of
. margin deposited metal layer
zone, or slightly inside
deposited metal)

‘Example 5, and Comparative Examples 5, 6, 7 and 8

Metallized films were produced under the conditions shown
in Table 2, using a 10 pnm polyethylene terephthalate film in
Example 5, and a 12 um polyethylene terephthalate film in
Comparative Exambles 5, 5,'7.and 8. Then, as described in
Exambje 1, papaciiors were produced, The capacitor production
conditions were the conditions éener;lly adopted for producing
capaciiors using metallized polyester films (metallized
polyethylene terephtﬁala{é films). These capacitors were-
tested as described in Exampie 1, except tﬁgt the voltages

applied were 1250 Y AC and 1500 V AC. The results are-shown



deposited netal) Conparative 40 Less than Medi um oi

. 56/ 100 Br oken at schoop Exanple 3 0.01 (medi um F
si gnal) - portion(at boundary of deposited netal |ayer zone,
or slightly inside deposited metal ) Conparative Less than
Cont am nat ed- 100/ 100 Brokegy at schoop.Exanple 4
0. 01, tape (slight Si signal) portion(at boundary of nargln

deposited netal |ayer zone, or slightly inside deposited netal) Exanple 5,
and Conparataveikkenbles 5, 6, 7 and 8 Metallized filnms were produced
under the conditions shown in Table 2, wusing a 10 [err]m polyethylene
terephthal ate fA$ mhawn Brafpbée 8, thﬂutanarztoﬂen(]hhpomyeamwlene
terephthalate  film _in Conparative Exanples 5, 6, 7 and 8. Then,
as descri bbaiven hi @ affnampde §paboved semié efitoaa s bar namee cafftiglorthe
production conditions werg the condltlons general |y adopted for producing
capaci tors biitgt hﬁ'ﬁlqslszéféspéhy%?ér ¥id nﬁ%m(ﬁﬁ!'al Wynazfed’ fodiet hyl ene
terephthalate f"”f) These ,capacitors were tested as described in
Exanpl e 1 V& BXAMPI RS-\ ol t ages applied were 1250 V AC and 1500
V AC. eB bg are shown - 24 in Table 2. As shown in Table -2,
the capacit 19 b he pr esent .

Metaliized film Broken samples/Tested samples
prmitu;ttmluI icontdttlons .
metalliz n -
ARTRAE IR TZ50VAC T500VAC
Example § Example 2 . 8/30 - 9730

cdnparative Example § Compafatfve Example | 3/30 . 20/30
Comparative Example 5| Comparative Example 2 2/30 16/30
Comparative Example 6 Comparative Example 3 §/30 26730
Comparative Example 7 | Comparative Example 4 1730 30/30

industrial Applicability

The metallized film of the present invention has a
boundary zone between the deposited metal [layer zone and the
margin, and has the margin covered with an oil. So even if
high voltages are applied as specified for capacitors in
safety standards, breakdown near the margin little occurs, and

capacitors with very high safety can be produced.



i nvention (Exanpl e 5) showed excel | ent performance, though the film
~thickness was thinner by 2 [err]mthan that of the 5 n nﬂmaml es.
Table 2 Metallized film Br oken sanpl es/ Test ed

condi tions (netallization conditions) ,g 1250vAL ¢ " is50bvAC
Example 5 Exampl e 2 CLA?ﬁ§O : 0/ 30
Conparative Exanple 5 Conparative Exanple 3/ 30 20/ 30

Conpar ative Exanpl g 5a &epparidelVei l@awh@rl?smg a %’e%@suted metal Ia]y@/r30
Conpar ative Exanple 6 Conparative Exanple 26/ 30

Conpar ati ve Exsend @eftifomar 8ki e ehserpie 4nth a Zth’ace resistance3@f30

I ndustrial Applicability The netallized filmof the present invention has a

boundary zone beQvsen thes depfsalted matgdln Waykera aandaeandr d s temegi of and

has thHe margin covered with'an oil.. So even if high voltages are applied as

specified for l:(’a‘ﬂaazfa:trs sirnmeaé et yndstaandaedse 1 bme &k downo uralarr yt henear gi n

little occurs, and capacitors with very.high safety can be produced. 25

CLAINS 1. A meexidtiingd ¢twéancdhprdeniosgted mdiaynbrydri kape aantetthe hagem

havi ng a surface resistance of 1[err]/sq. - 15 [err]/sq, deposited on a
portion and continuously decreasing in the thickness of the deposited

metal layer from the deposited metal layer zone to the margin,
at Ieaé; on one side of a high polymer film.

2. A metallized film, aécqrding to clgim t, wherein the
width of the boundary zone is 0.02 to 0.5 nmam.

3. A metalilzed fllm, according to claim 1 or 2, wherein
the width of the boundary zone is 0.02 to 0.25 mm.

4. A metallized film, according to any one of claims 1
through 3, wherein the width of the boundgry zone is 0.05 to
0.2 mm.

5. A metai{ized film, acqord{ﬁg to claim 1, wherein the
margin is covered with an oil.

6. A metallized film, according to clalm 5, wherein the
onl is a mineral oif or a silicone oil.

7. A metallized film, according to c!aim 6, wherein the
ofl is a silicone oil.

*8. -A metallized film, according to ciaim 7, wherein the
weight average molecular weight MW of the siljcone oil is 300
= MW = 800, and the ratio of the weight average molecular
weight MK to the number average molecular weight MN is 1.0 =
MW/HN = 1.1,

9. A metallized film, according.t; claim 7 or 8,-whe;ein

the silicone oil is dimethyl polysiloxane oil or methyiphenvi
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of said polynmer film said polynmer film having another portion defined as a
-margi n having a surface resistance of 1 x 10[err] [err]/sq. or mere; which
portion is free of deposited netal; and a 0.02 to—%1™m w de boun zone
of deposited netal formed between the deposited net m ‘Sﬁ“{m&w gin
whi ch conti nuously decreases in thi ckne§g fromthe mg xlayer to
the margin. 2. The netallized filmaccording to clalmi1t wherein the

boundary zomir}qﬁ‘ea vtuidth of 0.02 to 0.5 mm 3. The netallized film _
according to clai H ? (gl’ 2, wherein the boundary zone has a width of 0.02 to

0.25 mm 4. The tal |l | or di_n any one .of clainms 1 through 3,
wherein the bou%ggr?/‘ lﬁ'gﬁgphi;iséJ;@mﬁg't’hq(gfgéagggtgo &@'M9'5F“?ﬁé’hgé?| i zed
filmaccordj; clair , é"ﬁﬁr ' e LQlp.iS; covered with an oil. 6.
The netall icyz're]g C;O?Iembgcl:(%%d'{' ng t@%nzpmsg?‘\%hg? e‘?'nﬁt he oil is selected from
t he group consi $§in B ihs 2R . SEhE£ONE Qe A hi- e ljzed
filmaccording ?g clgai@%t%q,p%?r efiqr% fhgggﬁrhf{g@sﬁ ?Jcnl né)?lgi Igl? CWE@L 81. The
nmetal i zed thirlbigdCeol MR@rd h Al ej - Sdalrl GQN ' S wei ght
aver age nol eggiﬂgr weirght 'I’\/Wof '%Oomefeorsw@mlftegr?? a?dalor qgn‘gpgbbg??()ogf t he
wei ght avemnagaimoyecoh s tiigghtt WV hadazrunped ﬁi@rﬁg‘%o’ﬂ‘%ﬁ?“"i‘fiﬂ"efﬂpt MN
is 1.0 [err] MWM [err]1.1. 9. The metal |ized film accor di ng to claim.J,
wherei n t heogitentdRi otdnfentsel @at edntsnb) ¥ hehOTeRYP co@NShabi By Of s dGaret hyl:

pol ysi | oxane oil and net hyl phenyl silicone oil. 10. The netallized film
accordi ng KoCd| & 82,0 if&r € B3t 5= (i I(wheme O | i s stinetAtylcpharylt shkigone
oil. 11. The nmetallized filmaccording to any one of clainms 1 through 10,

wherein that the surface of the deposited metal layer; C2 is that at the
center in the thickness of tﬁe deposited metal ‘layer; and C3
is that at the inferface between the depqsited metal layer and
the high polymer film), while the Al content ratio (Al content
x 100/(Al contgnt + Zn content)) of the entire deposited metal
layer -is 0.5 to 15 wt¥.

12. A metallized film, acéording to clajm 11, wherein the
Ai content ratio is 8 to 12 wt%.

13. A metallized film, according to claim 11 or 12,
wherein the Al content rgtio changes as €2 < C1 < C3.

14. A_metailized film, according to any one of claims 1
through 13, wherein the deposited metal layer, the boundary
zone and the margin are treated by a low temperature plasma.

15. A method for producing the metallized film stated in
any one of c!aims 1 through 14, in a process of producing a
metallized high polymer film by vapor-depositing an oil oa the

surface of a high polymer film or coating the surface of a
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deposited netal |ayer is conposed of an all oy consLsLLng—e#—Ak—and’Z“ and
..an Al content: ((Al content in w. x 100)/(Al content in

content inw. x 100)), which changes conti nuousl y ﬂmumj

[err] C3 or C2 < C3 [err] Cl, wherein Cl is the A |osa1*the
surface of the deposited netal |ayer aegay fromthe polyner film C2 is the

Al content ratio at center portion of the deposited netal layer and C3 is
the Al content ratlo at _an interface betmeen Ehe deposi ted net al Iayer and

t he polyner’ﬂllﬁp WAErefi he W th @ &l 2adi su ?eﬁWﬁﬁkﬁﬂlnﬁg°dep03|ted neta

| 0.5 % Th tall | d
whor i 0t ndeRo3idpEne peffh OF ﬁ@ci‘wfn: g aggbgagg&{mfg ing,Ehe Stept o 10

w % 13. Th ed f In1acc % cl ai 1 % mhereln t he Al
contfnt rgt|o°8ﬂgﬁ§Zi'5€cg £ 8&6[%fp} Ted h§7viﬁ The i
Geposi t oq_ depar RIS 8t ”ﬁﬁﬁo@éa@ﬁ;&h he TPy Y " ahing L, 24 "
| ow te”pergvte% el ?ﬁ?ﬁd%} s:&ﬁeﬂ%‘? tQPﬁPrg H&'J}ﬂif %h@eﬁnﬁ'g fefly P! ymer

filmas de |ne I'n ¢C nprisi ng vapor ep031t|ng an oi

on a surfaggeg f§@ud,p@éyn§{ Jld@ntgrlca@tlng a surface of said polynmer film
with an oil; vapor-depositing a netal onto a portion of said polynmer film

' a vacuum et 85! i ko t Y N Dirolibic Mgt BFe OnHH 1% e@ £1 DR, Okdcappided by
vapor deposition or coating and nmaintaining the w dth of t he boundary zone

between theodepesht £§, N éde il e nandet BEI NP Gpp liikdabyangpopf 0.02 to 1
mm 16. The nethod for producing the netallized filmaccording to claiml1l5,
wher ei n deposition or coating, the pressure in the oil evaporator is
measured and controlled. |
17. A method for producing the metallized film, according
" to claim 14, wherein after a main metal has been vapor-
deposited in the vacuum'evaporator, a fow temperature plasma
of a gas containing oxyéen atoms is used for treating the
surface of the deposited metal layer zone,.the boundary zone
and the margin.
18. A capacitor produced by winding into a roll, a high
polymer film.having a degbsitgd metal layer zone destined to
be an electrode with a snrface resistance of 1 Q/sq. 15 Q
/sa., a margin with a surface resistance of 1 x 10'" Q/sq. or
. more, and a 0.02 to | mm wide boundary zone existing between
the deposited metal layer zone and th§ margin and continuously
decreasing in the thickness of the deposited metal layer from
the deposited metal layer zone to the margin, at least on one

side of a high polymer film, or stacking said high polymer
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when an oil is applied by vapor deposition or coating—the—ptessure in an

oil evaporator used to apply said oil is neasured and con The

met hod for producing the netallized filmaccording t E{‘ﬂﬁMw@

after a main netal has been vapor-deposited in a vacu used to
apply said main netal to said polyner fpgm a IOM/tenperature pl asma of a

gas contai ni ng oxygen atons is used for treating the surface of the

deposi ted netal é t he boundar¥ zone and the nar in. 18. A capacitor
produced by fi} '“V\h'h 'i'n'gth%ddé“r*élc? i &1 | Relemen FhIBS- i) stacking said

nmetallized filmwth ot her .identical tal| d.f C rjsi a pol yner
film :azmet a: %‘r A C%“Hé\% nglaﬁcgﬁ “Iré: aél'":aﬁgz gge TL‘P:’WPS > {5

havi Lgsgno?ﬁE?aLM EROIT IR Sqfﬁe R, PR T

x 10[err] L§$ /sq or nDre whi ch portion is free of deposited netal; and a
0.02 to 1 de boundary zone of deposited metal formed between the

CoPoEness 1oL AV AN O (N B e,

t hi ckness fromt ayer to th

accor ding t pCl ¢4 g, 1svm%%'r@.ﬁna9'+.poemtﬁh'mw% By 20n 014 CREE NG N

I'TB.I’gI nis used as an I npregnatin e capaC|tor according to claim

19, mherelntﬁ@eméyé,dxmgem%@g ﬁbeamafﬁbfbéyy*tthe oi | used as an inpregnating
oil are a silicone oil. 21. The capacitor -according to claim?20, wherein

the silicone oilzis Aseela@%efﬂoiwm&mgfgoum @Qa$hSLO NI r hinTettiey lo i |
pol ysi |l oxane oil and nethyl phenyl silicone oil.
covering the margin and the oil used as an impregnant are a
silicone oil.
22. A capacitor, according to claim 21, wherein the
siticone oil is dimethy! polysiloxane oil or methylphenyl
silicone oil.

23. A capacitor, according to any one of claims 18 through

22, which conforms to safety standards.
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