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an atos             of argonga to form  a thin  35 COMPANY   LIMITED,  a
corporation  metallic coating on the surface of the base organized under
the laws of Japan, of 2-2,  material or by bonding a meal foil to the
Uchisaiwaicho-1-chome, Chivoda-ku, Tokyo,     base material through an
adhesive. However, 5  Japan, and  TOSHINORI  TAKAGI, a  when the thin metal
coating is formed by Japanese national, of 23-4, Tomookayashiki,   vacuum
deposition, the strength of bond be-   40 Nagaokakyp-shi, Kyoto, Japan , do
hereby de-   tween the metalic coating and the base clare the invention,
for which we pray that   material is low, and, hence, the uses thereof a
patent may be granted to us, and the method  are limited. Furthermore, the
crystallinity of 10  by which it is to be performed, to be par-   the
metallic coating is low, and hence, the ticularly described in and by the
following  electrical conductivity and corrosion resistance  45 statement:-
.               - thereof. are unsatisfactory. Sputtering is not. This
invention relates to an insulating sub-    suitable for plastic films and
sheets, because strate, especially a film, sheet, or plate  the adherence
of the resulting metallic coating 15  material, having a metallic coating
thereon  to the base material is insufficient owing to obtained by forming
on an insulating base    the small energy of vapor phase atoms of  50
material in the form  of a film, sheet, or  metal. Plasma-type ion plating
is not suit- plate an electrically conductive metallic thin  able for
plastic films and sheets because it film and provides such a film having a
high   causes a marked temperature rise.of the base 20  adherence to the
base material without using   materials, and the adherence of the resulting
an adhesive, and also provides a method for  metallic coating to the base
material is in-  55 manufacturing said film, sheet, or plate  sufficient.
Therefore, the sputtering method is material having a metallic coating
thereon  not useful in industry. The use of an adhesive The main object of
this invention is to  results in a difficulty in handling thin metal 25
provide a method for manufacturing  an i-  foils, and hence, the bonding of
a thin metal sulating film, sheet, or plate overlaid with  foil of about 5u
or less in thickness is diffi-  60 a metallic thin film having a high
adherence  cult and, in industrial practice, almost in- to the base
material, a good crystallinity, a   possible. The adhesives remaining in
the re- flexibility, an excellent gloss, and corrosion   sulting composite
are also unsatisfactory in 



30  resistance..                              folding endurance (the number
of folds until Insulating film, sheet, or plate materials  the fracture of
the foil at the folding line  65 with. thin metallic coating have
convention-   when the composite. is repeatedly folded), ally been obtained
by vacuum deposition or  electrical properties, particularly at high fre-
sputtering or plasma-type ion plating under  quencies, and thermal
resistance. Moreover,    2                   1,493,088
2 there have been found no appropriate adhesives        flow to heat the
crucible at a temperature of for bonding metal foils to films of some
200 degree to 2500 degree C. The temperature of the thermoplastic resins,
such as polyethylene and        crucible is sufficiently high to give a
vapor polypropylene and therefore it has been diffi-        pressure high
enough to form the metallic 5     cult to coat these resin films with metal
foils.      coating at a certain rate. The electric power    70 Therefor,
the type and use of the composite           consumed between the crucible
and the has been limited.                                     crucible
heater should be sufficient enough to As a result of extensive research
conducted         maintain the vapor pressure needed. When the to overcome
the above-said disadvantages of           crucible temperature becomes
higher, the vapor 10   conventional methods for manyfacturing in-
pressure inside the crucible is increased owing  75 sulating film, sheet,
or plate materials over-        to the generation of metal vapor and is re-
laid with thin metallic film, the present in-         leased as a jet
through a small hole provided ventors have developed a method for manu-
on the top of the crucible. The metal vapor facturing an insulating film,
sheet, or plate         jet thus formed is quenched by adjusting ex- 15
material having thereon a thin metallic coat-         pansion owing o the
pressure difference be-   80 ing, which comprises apllying a new, special,
tween outside and inside the crucible and physical technique to an
insulating base              suffers a drop in kinetic energy in directions
material, preferably in the form of a film,       other than that of the
jet, forming a cluster sheet, or plate to form thereon a thin metallic  (an
aggregate of atom or molecules) because 20   coating with a high adherence
to the base      of van der Walls forces. To achieve this  85 material.
purpose, the diameter of the small hole is According to the present
invention, there   1 to 30% preferably 5 to 20% of the inner is provided an
insulating substance, especially    dimater of the crucible. If the
diameter of a film, sheet or plate material, having on at    the hole is
closer to the inner diameter of 25  least one surface a metallic coating
deposited    the crucible, the difference in pressure be-   90 from the
vapor phase by cluster ion plating.   tween the outside and the inside of
the crucible The term "cluster ion plating", as used   is too small and the
degree of cluster formation in this specification, including the claims,
is too small. If the diameter of the hole is means a method in which a jet
of metal       too small as compared with the inner diameter 30   vapor is
caused  to issue from  an aperture    of the crucible, the rate of vapor
deposition  95 into a  zone maintained at a  low pressure, the   is too
small. resulting adiabatic expansion causing the vapor    The clister this
formed is ionized by let to form cluster. These are caused to     collision
with electrons generated by applying collide with electrons, whereby at
least some    a DC DC voltage between the red-hot ionizing 35 of the
clusters are ionized. A potential gradient   heater 10 and the ionizing
anode 9, then  100 is mantained in the zone, by which the   accelerated by
the voltage applied between the clusters are accelerated toward a surface
to be    ionizing anode 9 and an electrode 5 at the plated.
back of the base material as well as an ex- A detailed explanation of one
method of   traction-electrode 11 (which assists in the 40  carrying but
the present invention is given    acceleration of the cluster in the
desired direc-  105 below, with reference to the accompanying    tion) and
deposited on the base material 6. drawings, in which Fig 1 shows an example
The extraction voltage referred to below is 



of the equipment used in this invention, and   the potential difference
maintained between Fig. 2 also shows the ionized cluster vapor      the
extraction electrode 11 and the ionizing 45  deposition chamber in Fig 1.
anode 9. The extraction electrode 11 and the  110 In the drawings, 1 is a
pay-off roll for    bae electrode 5 are at the same potential . film, 2 a
wind-up roll for film 3 an ionized      The ionization DC voltage applied
between cluster vapor deposition chamber, 4 an ionized     the ionizing
heater and the ionizing anode is cluster vapor generator, 5 an electrode
for     10 to 1000V and the ionization electron- 50  the base material, 6 a
base material in the   current may be 10 to 10000 mA, and prefer-  115 form
of a film, 7 a crucible, 8 a crucible  ably 10 to 300 mA  for
thermoplastics. The heater, 9 an ionizing electrode, 10 an ionizing
voltage applied between the electrode 5 behind heater  .   an
extraction-electode, 12 the   the base material and the ionizing anode 9
metal to be deposited. In Fig. 2, [err]    is 10 to 10,000 V, preferably l0
to 5,000 V, 55  [err]show that elec-                              more
preferably 10 to 3000 V, for thermo-   120 trical connection has been
established.           plastic film. In the case of plastic base The   user
ion plating  method may be   materials, too Iarge an ionization electronic
carried out as follows :              current or an accelerating
extraction-voltage is In an ionized cluster vapor deposition   undesirable,
because of serious sputter  effect 60   chamber 3 maintained at a vacuum of
[err]     on the metallic coating surface and because   125 to [err] Torr,
a DC voltage of 0.1 to 10 of, elevation of temperature of the base kV  is
applied between  a red-hot crucible   material surface which tends to
decrease the heater 8 and a crucible 7 used as an anode   adherence of the
deposited. coating to the and ontaining the metal to. be deposited,   base
material 65  thus causing a current of [err] to 10 A  to        A strong
adherence may be obtained when 130    . 3
1493088                                   3 the  number of  ions impinging
Upon unit area a clister is ionized in a divalent or higher of  the base
material corresponds to 0.1 A/   valent ion, the electrostatic repulsive
force [err] to several [err], tested by measuring   become larger than the
van der Waals force, the current which flows to ground from  a   whereby
the ionized cluster is divided ito ' 5   piece of metal plate of unit area
in place   monovalent dusters.                           70 of the plastic
base film.                      The metallic substances to be used for The
insulating base film travels from a    generating the metal vapor are those
which payoff rol 1 by way of several rolls to a   have electric
conductivity and whose vapor wind-up roll 2. During the course of ionized
pressure becomes' 1x [err]   Torr. at a tem- 10  cluster vapor deposition,
the electrode 5 at the   perature of 2,5000 C. or lower. Examples of  75
back of the base material is preferably cooled     such metals are Al, Cu,
Pb,Cr, Ni, Fe, to  protect the film from too great a tempera-   and Au
though the invention is not limited turerise.
thereto. Metals which  need too  high tempera- The electrode 5 may be  in
the form  of a   tures to get sufficient vapor pressure are un- 15  roll.
This roll-form electrode is preferably   desirable, because they require a
high crucible  80 cooled so that the temperature of the  base   temperature
and there is a danger that the material may not be  elevated. It is
preferable   plastic base film is damaged by the radiant that the electrode
5 is in contact with the   heat insulating base material. In the case of a
The insulating film or sheet materials to 20   rigid base material such as
ceramics or a   be used as the base material may be made  85 non-flexible
base material having a large thick-   of plastics or ceramics. In the case
of ness, the base material must be placed on a   plastics,' he melting.
point thereof is prefer- travelling guide  chain (an endless belt con-
ably  80 C or higher, as measured by means 



veyor system) and moved together with the  of a microscope provided with a
heated stage, 5   latter.                                       because
the film temperature may reach about  90 In the process as described above,
the   60 degree C during the metal deposition, depending reason for
maintaining a high vacuum of   upon the conditions for deposition. The di-
1 x [err] to 1 X [err] Torr, is to ensure for   electric strength of the
base flim is prefer- the metal cluster a means free path larger    ably
200v or higher, as measured on a film, 30  than  the distance between the
crucible and   50 g in thickness , accroding to the method of   95 the base
material in the form of a film to   JIS C 2318-72. The water absorption of
obtained a high-quality metallic coating even   the film should be 5% or
less, as measured when said distance is increased in order to re-  after
immersion in water at 20 degree C for 24 duce the radiant heat from the
crucible. The    hous. A film material aving a water absorp- 35
generation of a metal vapor let from a small    tion larger than 5 % takes
much time for de-  100 hole provided on the top of a crucible permits
gassing treatment before metal deposition and formation of a metal cluster
and, at the same   complete degassing be comes difficult, resulting time,
has the advantage of keeping the space   in insufficient adherence and
unsatisfactory distribution of the metal vapor and the cluster   quality of
the metallic coating. More particu- 40   within a narrow range to increase
the pro-   larly, a suitable material meeting the above-  105 portion of
metal arriving at the base material.   noted requirements may be selected
from The reason for ionizing and accelerating   ceramics, for example,
alumina, steatite, the ejected metal vapor and metal clusters   forsterite
and beryllis glass and the like ; is to impart to them  an energy amounting
thermoplastic resins, for example,  polyester 45  to several tens to
several thousands of electron  polyimide, polypropylene, high-density and
110 volts to anchor the metal atoms and clusters  low-density polyethylene,
polyethylene tere- in the base film to obtain a strong adherence
phthalate, polycarbonate, polyvinyl chloride, and to improve the
crystallinity of the metallic   polystyrene, and polyvinylidene fluoride;
and coating by means of the kinetic energy of     thermosetting resins, for
example, epoxy resins, 50  the clusters.,
and phenol  resins, containing reinforcements   115 The proportion of the
resulting metal cluster   such as paper, cloth, and glass fabric. Of the
vapor that is ionized may range between   films made of the materials
listed above, several percent and a major proporion. One  those having a
thermal shrinkage of 10%  or cluster formed consisted of about 1000 atoms,
less, as measured after treatment at 80 degree C. for 55  and hence, it
follows that many atoms are   2 hours, should be used because if the
shrink- 120 accelerated. One, cluster was ionized into a   age exceeds 10%
the film deforms excessively monovalent ion, and accordingly, many atoms
due to the thermal effect during metal de- can be accelerated by a little
charge. This is   position, resulting in deterioration of aderence
advantageous forobtaining a high adherence   and gloss.          .       .
. 60 between the insulating film, sheet or plate Although the thickness of
metallic coating 125 and the resulting metallic coating. When de-   may be
freely  varied, ,a  suitable thickness posited on the base material,  the
cluster is for the purpose of this invention is in the divided into many
smaller particles, and this range from several Angstroms to several tens
phenomenon is considered to serve to enhance of microns, depending uponthe
intended use 65  the crystallinity of the metallic coating. When   The
insulating film, sheet, or plate mater- 130    4
1,493,088                                         4 ials having thereon a
thin metallic coating thus    adherence may be formed on those thermo-
manufactured may be used in various fields          plastic flim materials,
such as polyethylene including, for example, printed circuit base      and
polypropylene, which are difficult to bond boards, printed circuit boards,
capacitor films,    to a metal foil by use of an adhesive. 5   various
optical filters, reflectors, film heaters,     As stated above, ther
present method for      70 



electrodes printing papers, discharge printing       manufacturing an
insulating film, sheer, or papers, catalysts in film form, construction
plate material having a thin metallic coating materials, heat insulating
materials, laggin       thereon has many desirable features and is an
materials, decoration materials or packaging      industrially valuable
method with a high pre- 10   materials.
cision which is easily practicable. As compared wth conventional methods,
The present insulating film or sheet material the present method for
manufacturing an in-        having a thin metallic coating thereon can
sulating film, sheet or plate material with      be used as a printed
circuit base board. A think metallic coating ahs many superior
printed circuit board may be obtained from 15   features. The
characteristic features of the   this base board by reproducing a reversed
80 present method in comparison with the con-     circuit pattern using a
resist ink on the ventional vacuum deposition methods are       metallic
coating of the base board by screen enumerated below.
printing or phtographic printing, and there- (1) Thin metallic coatings
with higher       after removing the metallic coating except for 20
adherence may be formed on an insulating       the circuit pattern by
etching. Alternatively,  85 film sheet or plate material, the adherence
a printed circuit board can be directly ob- being generally as high as 1.9
kg/cm or even     tained by the cluster ion plating technique higher as
measured by peeling test, or 60       by placing a metal foil mask on the
base film [err] or even higher as measured by the         or sheet during
the metal vapor deposition and 25     method of lifting the metal film from
the      therefore removing the mask. substrate, by measuring with a strain
gauge       The printed circuit board obtained as men- the force required
to life a probe of known     tioned above has the following advantages area
bonded to the free surface of the metallic   over the conventiaonl one, in
addition to the film.                                             aforesaid
features of the insulating film or (2) A metallic coating having a high
sheet material bearing a metallic coating   95 crystallinity and, hence,
higher electric con-      formed thereon by the cluster ion plating
ducitivity may be formed, because the coating    technique. is formed from
the caporized metal cluster       (1) Because the thickness of the metallic
imparted with a high kinetic energy in a         coating is small, a
miniature circuit may be 35   high vacuum.
obatined with a high dimensional precison.  100 (3) The metal may be
depostited in a          (2) The metallic coating is dense and, higher
yield, because since the metal vapor       accordingly, the conductivity
thereof is equiva- cluster is ejected from a crucible, he space      lent
to that of the solid metal. Therefore, it is distribution of the metal
vapor cluster is kept    advantageous for designing a thin miniature 40
within a narrow range and, accordingly, the      circuit.
105 proportion of the vaporized metal cluster         (3) The direct method
for making printed arriving at the base material is larger.
circuit boards enables the simplication of (4) A thin metallic coating
having a            operational steps and the diminishing of public higher
crystallinity and corrosion resistance     hazards. may be formed.
When it is required to impart higher mech-   110 (5)  A thin metallic
coating with  better   anical strengths to the metallic coating formed
gloss may be formed, because of the higher      by the cluster ion plating
technique on an density of the coating resulting from the       insulating
film sheet, or plate material , or high crystallinity.
to obtain  a printed circuit for use in a circuit 50      The superior
features of the present method     of comparatively large current-carrying
capa-  115 as compared with the conventional method of    ciry, it becomes
necessary to grow the metallic metal cladding by use of an adhesive may
coating to a thickness of several tens of microns be summarized as follows:
by use of the same metal. The growth can (1) A thin metal layer having a
thickness     all be effected by the cluster ion palting tech- 55    as
small as about 5[err] or less may be formed,    nique or using, in addition
to, and following  120 which is impossible by the method emplying      the
cluster ion plating a similar technique, 



an adhesive.                                   except that in order to
increase the rate of (2)  A metallic coating more resistant to    metal
deposition , the diameter of the ejecting rupture caused by folding of the
finished    hole of the crucible is increased so that a 60  material may be
formed.                       cluster cannot be formed. This technique is
125 (3)  There is no such deterioration in elec-  referred to below as the
"ionized vapor-phase tric characteristics, particularly in at high fre-
technique" . The extra thickness may alter- quency range, and in thermal
resistance as is  batively be achieved by also using, in addition generally
observed when an adhesive is used   to and followung cluster ion plating,
other 65    (4)  A thin metallic coating with high    vapor deposition
techniques such as vacuum.    5
1,493,088             . deposition, sputtering, and ion plating bythe
Example 1. plasma technique, or by electrolytic plating. Copper was
deposited from the vapor phase Of these  techniques, a suitable one should
be on a polyester film, 75u in thickness, used selected according to the
case where the metal   as a base material, by means of the, equip- 15 5
costing is intended for use as an electric  r-   ment shown in Figs. 1 and
'2. The crucible, cuit or where the greatest concern is producti-   30 mm
in inner diameter and 30 mm  in vity, or where the quality of the metal
layer  height, was made of carbon and provided with is a primary concern.
a hole, 3 mm  in diameter, at the center of The invention is illiustrated
below in detail  the top. A copper coating; 3u in thickness, was 20 10
with reference to Examples, but the inven-   deposited under the conditions
shown in tion is not limited to these Examples.         Table 1. TABLE 1
Power supplied to crucible      2 KW (2 KV x1A) Power for ionization
100 W (0.5 KV x 200 mA Extraction voltage              1 KV Number of
crucibles             2 Travelling speed of film.     - 0.4 m/min. Table 2
shows performance characteristics  thickness, to a polyester film, 75p in
thick-  30 25  of the flexible printed circuit base boardpre-  ess, by use
of an adhesive of the epoxy pared under the conditions shown in Table
resin type under application of heat and pres- 1 and those of a
conventional flexible printed   sure. The present flexible printed circuit
base circuit base board prepared as a Comparative   board was found to be a
high-performance Example by bonding a copper foil, 35u in. one, which  was
excellent in  mechanical 35 strength, processability, and adherence. TABLE
2 Comparative Example 1 Example   (conventional 1    base board)    Testing
method Folding endurance   500           20          JIS-P-8l15 (number of
folds)                               (number of folds before rupture of Cu
foil) Etching speed          30 sec.        5 min. ' (dielectric  . -
constant) after        3.0           4.0         JIS-C-6481 etching
Soldering resistance    Good          Good        JIS-C-6481 



220 C, 60 sec. Peel strength *         1.2           1.0         JIS-C-6481
kg/cm         kg/cm Note:- * Peel strength was evaluated by measuring the
load per unit width of bond required to peel off the base film from the
copper layer, the free side of whichcopper layer, had been bonded to a
rigid plate.    6                           1,493,088
6 Example 2                            possible according to this invention
, to por- By using the same equipment and condi-       vide a high
performance and low-cost flexible tionsas in Example 1, a copper coating,
1u     printed circuit case board.                20 in thickness, was
deposited from the vapor 5  phase , on a high density polyethylene film,
50u in thickness, used as the base film. The               Example 3
resulting flexible printed circuit base board     COpper was deposited from
the vapor phase showed a folding endurance of 200 (number   on a polyester
film, 75u in thickness, used of folds), a peel strength of 1.0 kg/c, an
as a base material by means of the equip- 10   etching speed of 30 sec, and
(dielectric con-    ment of Fig. 2. The crucible, 30 mm in    25 stant)
after etching of 2.5. The board was   inner diaemter and 30 mm  in height,
was quite suitable for use where a high thermal   made of carbon and
provided with a hole, resistance was not required. It has heretofore   3 mm
in diameter, at the centre of the been impossible to manufacture a printed
cir-   top. A copper coating, 3u in thickness, was 15  cuit base board by
using as a base material   deposited under the  conditions shown in Table
30 a polyethylene film, for which there has been    3 to obtain a printed
circuit board bearing no suitable adhesive. It has now  become   a desired
circuit pattern. TABLE 3 Power supplied to cruc.ible       2 KW (2 KV x 1
A) Power for ionization               100 W (0.5 KV x 200 mA)
- : Extaction voltage                 1 KV Nu mber- of crucibles
2 -Travelling speed of film           0.4 m/min                  . Mask
0.05,mm stainless-steel sheet A mask bearing a reverse, pattern of the
flexible printed circuit base board prepared, 35  desired circuit, 50u  in
circuit width, was     as a Comparative Example, by bonding a prepared
from: a thin stainless-stel sheet,   copper.foil, 35u in thickness, to a
commerci- 0.05. mm  in thickness, by etching. Vapor. ally available
polyester film, 75j in .thickness,  50 deposition was carried out while the
mask   by use of an adhesi.ve of the. epoxy resin held in close. contact
with the base film   type under application- of heat and pressure. 40  was
travelling at the -same speed as that   The present flexible printed
circuit board was of the base film.                           found to be a
high-performance one, which Table 4 shows performance characteristics   was
excellent in mechanical strengths and  55 of the flexible"p'rinted
circuit-board  prepared   adherence;and the present method was found under
the conditions shown in Table 3 and   to be a simple and convenient method
with- 45  those of a conventional flexible printed circuit   out bringing
about public hazards. board made by etching from a conventional   



7                               1,493,088
7 TABLE 4 Example    Comparative 3       Example 2    Testing method
Folding endurane          500          20            JIS-P-8115 number of
folds)                                  (number of folds before rupture :of
copper foil) .. E.of circuit.board          3.0          4.0
JIS-C-6481' Soldering resistance     Good         Good        JIS-C-6481
(220 degree C, 60 sec.) Peer strengtht    1.2                         1.0
JIS-C-6481 kg/cm        kg/cm Note:- * Peel strength was measured as in
Table 2. Example 4.               there has been no  suitablr adhesive. It
has By use of the same equipment and under   now become possible, according
to this in- the same conditions as in Example 3, a   vention, to  provide a
high-performance and  20 5  copper coating, 7[err] in thickness, was
deposited   low-cost flexible printed circuit board. from  the vapor phase
on a base film  of high-density polyethylene film, 50u in thick
Example 5. ness to obtain a printed. circuit board bearing   Copper was
deposited from the vapor phase tbe desired circuit pattern. The
thus.obtained   on a paper-base phenol resin laminate 1.6 mm 10  printed
circuit board showed a folding endur-  in thickness, used as a base
material, by  25 ance of 200, a -peel strength of 1.0 kg/cm,   means of
equp ment using guide chains.  The and [err] of 2.5. It was found to be a
flexible   cble, 30 mm in inner diameter and 30 mm printed'circuit board
suitable  for use whe.re  in height, was made of carbon and provided 15 a
high thermal resistance is not required.    with a hole, 3 mm  in diameter,
at. the center It has heretofore been impossible to manu-      of the top.
A copper coating , 5u in thickness,   30 facture a printed circuit board by
using as  was deposited under.  the  conditions shown in a base material a
polyethylene film, for which    Table 5. TABLE 5 Power supplied to
crucible'        2 KW  (2KVY xl A) .    Power for ionization
100 W (0.5 KVx 200 mA) Extraction-voltage     .    ,  KV Number of
crucibles        .                   2 Travelling speed of base board
0.4 m/min The thus prepared printed circuit base   printed circuit, 20u in
minimum circuit width, 35  board had a uniform copper coating without
could be prepared. The etching speed was pinholes, the peel strength being
1.2 kg/cm    30 seconds at room temperature. No warp was  40 or higher.' By
using this base board, a   observed on the printed circuit board thus
prepared.    Example 6.                  voids having been formed around
the pattern A  copper coating, 2[err] in thickness, was   on the middle
layer. Owing to the low  molding  20' applied to a glass-fabric-base epoxy
resin   pressure, no warp was observable. laminate under the same
conditions as in Ex- 5  ample 5, and a circuit pattern was reproduced 



by etching. A set of three sheets of coated.              Example 7.
material (prepared by impregnating, a glass.-  Copper was deposited from
the vapor phase fabric base material with epoxy resin and then   on a
paper-base phenol resi laminate 1.6 mm drying) was placed on each side of
the said  in thickness, used as base board by means 25 10' laminate used as
middle layer, to. form  an   of an equipment using guide chains. The
assembly. A copper foil was placed on each   crucible, 30 mm in inner
diameter and 30 min face of the assembly and  subjected to com-  in height,
was made of carbon and, provided pression molding to -obtain a threelayer
with a hole, 3 mm in diameter, at the center printed circuit base board.
Although a pres-   of the top. A copper coating, 5u in thickness, 30 15
sure lower than 'that used in a conventional  was deposited under the
conditions shown in method had been applied in: the compression   Table 6
on the base board covered with a molding, the resulting three-layer printed
cir-' stainless-steel mask to obtain a printed circuit cuit base board was
of a good quality, no   board bearing a circuit of the desired pattern.
TABLE 6. Power supplied to crucible       .2 KW(2 KV x1 A). Power for
ionization             100 W (0.5 KV x 200 mA) Extraction-voltage
1 KV - Number of crucibles             2 Travellingspeed of base board
0.4 m/min Mask thickness                   0.05 mm stainless-steel sheet
The thus prepared printed circuit board   been 20u. This printed circuit
board was a had a circuit of uniform copper coating with- high-grade  one
having a high adherence, being out pinholes, the peel strength being 1.2
kg/ excellent in soldering resistance, electric char- cm or higher. The
minimum circuit width was acteristics, and chemical resistance, and being
55 40  20u, and no warp of the board was observed.   quite free from
warpage. This printed circuit board was also excellent in soldering
resistance and chemical resistance and quite suitable for practical use.
Example 9. Gold was deposited from the vapor phase Example 8.
on an alumina plate, 1.0 mm in thickness, 45 By using a mask made of thin
chromium    used as abase material by means of an equip-  60 sheet, 0.05
mm  in thickness, and under the   ment using guide chains.The crucible, 30
mm same conditions as in Example 7, a copper   in inner tiameter and 30 mm
ii height, was coating, 3.j in thickness, was deposited from    made of
carbon and provided with a hole, the vapor phase on a    polyimide resin
laminate    3 mm in diameter, at the center of the top. 50   to obtain a
printed circuit board carrying an   A gold coating, [err] in thickness, was
obtained  65 IC circ su, the minimum circuit width having    under the
conditions shown   in Table 7.    9
1,43,088 -                     TABLE 7 Power supplied to crucible         2
KW. (2 KV x 1 A) Power for ionization               100 W (0.5 KV x 200 mA)
Extraction-voltage.               3 KV Temperature of base board
300 degree C Travelling speed of base board     0.2 m/min The thus prepared
printed circuit base  substrate. A printed crcuit, l0u in minimum board had
a uniform gold coating without  circuit width, could be obtained 'from the
said pinholes, the adherence thereof being 60 kg/   base board by printing
a circuit pattern and  20 



5  cm2 or higher as measured by the method of  then etching. lifting the
metal layer from substrate. By using this base board, a circuit, 5u in
minimum               Example 11. circuit width, could be made. The yield
of   Gold was deposited from the vapor phase gold deposition was about 70%
or higher.   on an alumina plate, 1.0 mm in thickness, used as base board
material by means of an  25 equipment using guide chains. The cucible, 10
Example 10.                  30 mm in inner diameter and 30mm in height,
Under the same conditions. as in Example  was made of carbon and provided
with a hole, 9, copper was deposited to a thickness of  3 mm in diameter,
at the center of 'the top. 2u on a steatite porcelain base board, 2.0 mm
A gold coatin& 1u in thickness, was deposited  30 in thickness, to obtain a
uniform copper coat-  under the conditions shown in Table 8 on the 15  ing
without pinholes, the adherence thereof  base board covered with a
stainless-steel mask being 60 [err] or higher as measured by  to obtain a
printed circuit board bearing the method of lifting the metal film from the
a circuit of the desired pattern. TABLE 8 Power supplied to crucible
2 KW (2 KV x 1A) Power for ionization               100 W (0.5 KV x 200 mA)
Extraction voltage                3 KV Temperature of base board
3000C Travelling speed of base board     0.1 m/min Mask thickness
0.02 mm stainless-steel sheet The thus prepared printed circuit board had
11, a copper coating, 2u in thickness, was a circuit of uniform  gold
coating without  applied to a steatite porcelain base board, pinholes, the
adherence thereof being 60 kg/   2.0 mm in thickness. In this case, a
uniform [err] or higher as measured by the method of  copper coating
without pinholes was also ob-  50 40  lifting die metal film from the
substrate. The  tained, the adherence thereof being 60 kg/ minimum circuit
width was 20u. This printed  [err] or higher as measured by the method
circuit board was also excellent in soldering   of lifting the metal film
from the substrate. resistance and chemical resistance and quite  The
minimum circuit width was 20u. The suitable for practical use.
inter-circuit insulation resistance to low-volt-  55 45
Example 12.                  age or high-voltage DC or AC and the solder-
Under the same conditions as in Example  ing resistance were sufficient for
practical use.    1,493,088                                     10 Example
13.                  ester film, 4u in thickness, used as a base Aluminum
was deposited from the vapor   board material. The conditions for the de-
5 phase to a thickness of 1,OOOA on a poly-  position were as shown in
Table 9. TABLE 9 Crucible                      30 mm inner diameter 30 mm
height, made of carbon. Power supplied to crucible      2 KW (2 KV x 1 A)
Power for ionization            100 W. (0.5. KV..x 200 mA)
Extraction-voltage              1 KV Number.of crucibes              2 .
Travelling speed of film        5m/min As compared witht he conventional
metal-     sistance, and folding endurance and, hence, lized film for
capacitor obtained by vacuum   most suitable for use in capacitor. For com-



10  deposited, the metallized film prepared under     parison, performance
characteristics of these  15 the conditions shown in Table 9 was superior
two types of metallized film are shown in in adherence of metallic coating,
corrosion re-    Table 10. TABLE 10. Vacuum deposition:.   The present
method. Adherence *   .             0.1 [err]     60 [err] Folding
endurance **           10                 >800 (number of f6lds) Chemical
resistance      Susceptible to   Not susceptible to and corros ion.
ac id attack     acid attack resistance Note:- * Adherence was measured by
the method of lifting the metal film from the substrate (base material). **
Number of folds before rupture of aluminum coating. The' testing procedure
was similar to that described in JIS P 8115. Example 14.
Example 15. 20    Under conditions similar to those shown in  On a
methacrylic resin plate, 3 mm  in  30 Table 1 of Example 1, zinc was
deposited  thickness, used as a base board material, from the vapor phase
to a thickness of 500A   aluminum was deposited first by the cluster . on a
polyethylene terephthalate film, 6u in  ion beam technique and then by the
con- thickness, used as a base film. Since the   ventional vacuum
deposited tedinique to a 25  deposited coating was free from pinholes and
total thickness of about 3u. The conditions  35 excellent in adherence,
folding endurance, and   for the deposition were as shown in Tables
chemical resistance, it was suitable for use  11 and 12 as a metallized
film for capacitor..    `   11                                  1,493,088
11 TABLEIl. Conditions for deposition by cluster ion beam technique.
Crucible                        Made of carbon Ppwer supplied to crucible
2 KW (2 KV x 1 A) Power for ionization             100 W (0.5 KV x 200 mA)
Extraction-voltage              1 KV Duration of deposition          3 min
Thickness of metal coating       1500 A TABLE 12. Conditions for vacuum
deposition Crucible                       Made of carbon Power supplied to
crucible        1.5 KW (15 KV x  A) Duration of deposition            3
min.. Thickness of. meital coating          3 um The coating thus formed
'on the methacrylic  thickness, used as a base board material, resin plate
was pinhole-free, uniform, excel-    aluminium was deposited first by the
cluster ion    10 5  lent in gloss and favorable in adherence to  beam.
technique and then by the ionized vapor- the base board.
phase deposition technique to a total thickness Example 16.
of .about 3u. The conditions for the deposi- 



On a methacrylic resin plate, 3 mm in    tion were as shown in Tables 13
and 14. TABLE 13. Conditions for deposition by cluster ion beam technique
Crucible                          Made of carbon' Power supplied to
crucible        2 KW (2 KV x 1.A) Power for ionization.                 100
W (0.5 KV x 200 mA). Extraction-voltage                1 KV Duration of
deposition           3 min Thickness of coating              1500 A    12
1,493,088                                12 TABLE 14. Conditions for
ionized vaporpha se deposition Crucible                          Made of
carbon Power suplied to crucible        1.5KW (1.5 KV x 1A) Power for
ionization             30 W (0.3 KV x 100 mA) Extraction-voltage
0.5 KV Duration of deposition            3 min. Thickness of coating
3 um The coating thus deposited from the vapor    10. A method for
manufacturing a coated  45 phase on the methacrylic resin plate was pin-  -
substrate which comprises depositing a metal- hole-free, uniform, excellent
in gloss, and   lic coating from the vapor phase on at least 5  favorable
in adherence.                      . one surface of an insulating substrate
by duster ion plating. WHAT  WE CLAIM IS:-                         11. A
method as claimed in claim 10, corm- 50 1. A coated material comprising an
in-   prising the steps of sulating substrate having on -at least one sur-
(1)  providing a  small hole on top of a face a metallic coating deposited
from  the     crucible containing a metal to be plated, 10  vapor phase by
cluster ion plating..              the diameter of the hole being 1 to 30%
2. The coated material according to claim      of the inner diameter of the
crucible,    55 1, which also comprises a metallic coating   (2)  heating
the crucible under a vacuum of deposited by sputtering or vapor-deposition
. lx  [err] to 1 x [err] Torr to a tern- other than-;by cluster ion plating
of a metal.     perature at which said metal is suffi- 15    3. The coated
material.according to claim     . ciently  vaporized to  eject the metal 2,
wherein the metal for sputtering or vapor-    vapor from  said small hole,
thereby  60 deposition. other than cluster ion plating is the  forming
clusters each being an aggregate same as that of the metallic coating
deposited   of about 1,000 metal atoms, *      by the cluster ion plating.
(3)  applying a DC voltage of 10 to. 1,000 V 20.   4. The coated material
according to claim       between a red-hot ionizing heater pro- 1, wherein
the metallic coating constitutees a,   vided separately and an ionizing
anode  65 printed circuit obtained by etching the metallic  to cause an
electron current of 10 mA coating to remove the unnecessary part there-
to. 300 mA to flow therebetween, there- of or directly obtained by a
masking method      by generating electrons and allowing the 25  during the
deposition.                            electrons to collide against the
'dusters 5. The coated material according to claim      to ionize some of
the clusters, and   70 4, which also comprises a metallic coating   (4)
applying a DC voltage of 10 to 3,000 V deposited by sputtering or
vapor-deposition      between the ionizing anode and' an ex- other than
cluster ion plating of a metal.       traction  electrode  to  accelerate
the 30'   6. The coated material according to claim  .    ionized cluster
together with un-ionized 



5, wherein the metal for sputtering or vapor     clusters on the insulating
substrate.  75 depositon other than cluster ion plating. is the  12. The
method  for. manufacturing  a same as that of the metallic coating
deposited   coated substrate  according to claim  10 or by cluster ion
plating.                     claim 11, wherein the thickness of the
metallic 35    7. A coated material as claimed in any one   coating is
increased by sputtering or vapor of claims 1 to 6, wherein the insulating
sub-  deposition other than by cluster ion plating  80 strate is a film,
plate, or sheet.          of a metal. 8. A coated material as claimed in
claim   13. The  method  for manufacturing  a 1, substantially as described
in any one of   coated substrate according to any one of claims 40  the
examples herein.                        10 to 12, wherein the metallic
coating consti- 9. A coated material as claimed in claim   tutes a printed
circuit obtained by etching the  85 1, produced by a method sutbstantially
as de-   metallic coating to remove the unnecessary scribed with reference
to the accompanying   part thereof or directly obtained by a masking
drawings.                                   method, during the deposition.
12                                       1,493 088     .
12 TABLE 14. Conditions for ionized vaporphase deposition Crucible
.        Made of carbon Power supplied to crucible        1.5 KW (1.5 KV x
IA) Power for ionization              30 W (0.3 KV x 100 mA)
Extraction-voltage                0.5 KV Duration of deposition
3 min Thickness of coating             3  um The coating thus deposited
from the vapor    10. A method for manufacturing a coated  45 phase on the
methacrylic resin plate was pin-  -substrate which comprises depositing a
metal- hole-free, uniform, excellent in gloss, and   lic coating from the
vapor phase on at least 5  favorable in adherence.     .               .
one surface of an insulating substrate by cluster ion plating. WHAT WE
CLAIM IS:-                           11. A method as claimed in claim 10,
corm- 50 1. A coated material comprising an in-   prising the steps of
sulating substrate having on at least one sur-   (1)  providing a small
hole on top of a face a metallic coating deposited from  the      crucible
containing a metal to be plated, 10  vapor phase by cluster ion plating.
the diameter of the hole being 1 to 30% 2. The coated material according to
claim      of the inner diameter of the crucible,   55 1, which also
comprises a metallic coating   (2)  heating the crucible under a vacuum. of
deposited by sputtering or vapor-deposition      l x   10  to 1 x [err]
Torr to a tem- other than by cluster ion plating of a metal.    perature at
which: said metal is suffi- 15    3. The coated material. according to
claim      ciently vaporized to eject the metal 2 wherein the metal for
sputtering or vapor-    vapor from  said small hole, thereby  60
deposition. other than cluster ion plating is the  forming clusters each
being an aggregate same as that of the metallic coating deposited   of
about 1,000 metal atoms, by the cluster ion plating.                 (3)
applying a DC voltage of 10 to 1,000 V 20    4. The coated material
according to claim       between a red-hot ionizing heater pro- 1, wherein
the metallic coating constitutees a   vided separately and an ionizing
anode  65 printed circuit obtained by etching the metallic  to cause an
electron current of 10 mA coating to remove the unnecessary part there-
to 300 mA to flow therebetween, there- of or directly obtained by a masking
method      by generating electrons and allowing the 25  during the
deposition.                            electrons to collide against the
clusters 



5. The coated material according to claim      to ionize some of the
clusters, and   70 4, which also comprises a metallic coating   (4)
applying a DC voltage of 10 to 3,000 V deposited by sputtering or
vapor-deposition      between the ionizing anode and an ex- other than
cluster ion plating of a metal.       traction  electrode  to  accelerate
the 30    6. The coated material according to claim      ionized cluster
together with un-ionized 5, wherein the metal for sputtering or vapor
dusters on the insulating substrate.  75 depositon other than cluster ion
plating is the  12. The  method  for manufacturing  a same as that of the
metallic'coating deposited   coated substrate according to claim  10 or by
cluster ion plating.                     claim 11, wherein the thickness of
the metallic 35    7. A coated material as claimed in any one   coating is
.increased by sputtering or vapor of claims 1 to 6, wherein the insulating
sub-   deposition other than by cluster ion plating  80 strate is a film,
plate, or sheet.         of a metal. 8. A coated material as claimed in
claim    13. The  method  for manufacturing  a 1, substantially as
described in any one of   coated substrate according to any one of claims
40  the examples herein.                        10 to 12, wherein the
metallic coating consti- 9. A coated material as claimed in claim   tutes a
printed circuit obtained by etching the  85 1, produced by a method
sutbstantially as de-   metallic coating to remove the unnecessary scribed
with reference to the accompanying   part thereof or directly obtained by a
masking drawings.                                   method, during the
deposition.    13                                     1,493,088
13 14. The method for manufacturing a coated   of 0.1 [err] to several
[err] would substrate according to claim 13, wherein the   flow. thickness
of the metallic coating- constituting  17. A method' as claimed in claim
10, the printed circuit is increased by sputtering   conducted
substantially as described in any 25 . 5  or vapor deposition other than
cluster ion   one of the Examples therein. plating of the same metal as
deposited by     18. A method as claimed in claim  10, cluster ion plating.
conducted substantially as hereinbefore de- 15. The 'method  for
manufacturing  a   scribed with reference to and as illustrated in coated
substrate according to any one of claims'' the accompanying drawings
30 10  10 to 14, wherein the substrate is a thermo-  19. A coated
substrate, whenever produced plastic resin film having a melting point of
by a method as claimed in any one of 80.C. or more, a dielectric breakdown
volt-   claims 10 to 18. age of 200 V or more per 50u in thickness, a  20.
A coated substrate as claimed in claim water absorption of 5% or less after
immer-   19, wherein the substance is a film, plate, or. 35 15  sion in
water at 20 degree  C. for 24 hrs., and a   sheet. heat-shrinkage of 10%
or less after treat- ment at 80 degree C. for 2 brs.
ABEL & IMRAY, 16. The method according to claim  10,            Chartered
Patent Agents, wherein the cluster is ionized to such an ex-
Northumberland House, 20  tent that if the insulating material were re-
303/306 High Holbom, placed by an earthed conductor an ion current
London, WC1V 7LH. Printed for Her Majesty's Stationery Office by the
Courier Press, Leamington Spa, 1977. Published by the Patent Office, 25
Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.


