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the black chrome layer does not entirely prevent undercutting and
delamination. Furthermore, since This invention relates generally to a
method of  black chrome cannot be electrodeposited  on fabricating a
metal-clad dielectric sheeting for use  polyimide, the Cuneo method is only
available to In manufacturing flexible electric circuitry, and   5   cast
polyimide films; ie. polyimide films that are more particularly to a method
which includes the    produced by pouring liquid polyimide onto the met-
use of 'copper-clad polyimide whilst avoiding prob-  al layer. This limits
the Cuneo method to copper oil lems of undercutting from gold or tin
plating baths.  one side of the polyimide film and to flexible circuit
Metal-clad dielectric sheeting is especially useful in  applications
having  relatively  thin  layers  of beam tape carrier technology for
automated bond-  10  polyimide. Also, the Cuneo method cannot be used ing
of semiconductor chips to substrates and for    with biaxially oriented
polyimide such as Du Pont's flexible printed circuit boards. A typical beam
tape  Kapton (Kapton is the Du Pont trademark for their carrier consists of
a dielectric (such as polyimide)  polyimide film) because the Kapton is
precast and with metal-cladding (such as copper), the metal-    cannot be
bonded to the metal without an adhe- cladding being etched to leave a
series of free   is  sive. (Kapton is biaxially oriented during fabrication
standing beams which are directly bonded to semi-  and thus has good
dimensional stability and is conductor chips. One of the preferred
metallurgies  available in thicknesses up to 0.127 mm (5 mils).) for the
bonding process requires that copper        Dimensionally stable polyimide
films such as Kap- beams be gold or tin plated. However, gold and tin  ton
are much preferred in flexible printed circuit [err]ting baths cause
undercutting at the edges of  20  applications over the cast polyimide. the
copper beams and sometimes complete de-            U.S. Patent 3,781,596 to
Galli, et al.  suggests lamination of the beams from the dielectric sheet-
plating a layer of chromium or nickel onto the ing.
copper layer to promote adhesion to the polyimide Various coatings and
other treatments for cop-  layer that is subsequently cast or laminated
onto per foils have been proposed to prevent undercut-  25  the copper
layer. This method has the same dis- ting and delamination of the copper
foil and the    advantages as Cuneo in that the chromium  or dielectric
layer. Indeed, a three-layer tape product  nickel is plated on the copper,
not the polyimide, consists of copper foil bonded to polyimide with an
thus limiting the product to conductor on one side epoxy or acrylic
adhesive. The three-layer product  of the polyimide, and is also limited to
cast has no undercutting when gold plated because   3o  polyimide films.
Furthermore, Cuneo indicates (on there is no exposed copper-polyimide
surface.       column 1, lines 35-49) that the chromium or nickel Two-layer
product has a number of advantages in    layer of Galli does not prevent
undercutting when flexible circuitry over three-layer product and    the
product is placed in a gold plating bath. among those are added
flexibility, less weight, lack   U.S. Patent 3,729,814 to Wright, el al.
de- of contamination due to the adhesive materials,  35  scribes a method
for making hybrid circuit arrays potentially better thermal stability due
to the ther-  using a thin flexible substrate such as polyimide, mal
breakdown of the adhesive layer, the ability to  vapor depositing a layer
of chromium or nichrome pose the copper through the dielectric by chemi-
onto the substrate, followed by vapor depositing a [err]ally etching the
dielectric, and stability to radi-  gold layer on the chrome or nichrome
layer. The ation. The adhesive material also affects sonic  40  gold layer
is then etched to form resistors, conduc- transmission when transducers are
part of the cir-  tors, chip mounting pads and interconnections. cuit.
While Wright teaches a method of improving adhe- U.S. Patent 3,981,691 to
Cuneo teaches a        sion of gold to polyimide, Wright does not address
method of improving the bond between the copper     the problem of
undercutting the copper-polyimide and the dielectric and which also
minimizes under-  45  boundary caused by gold and tin plating baths;
cutting by hydrochloric acid on the copper-        Indeed, Wright is not
concerned with electrodeposi- polyimide  bond. In  Cuneo, black  chromium
tion at all, his method uses vapor deposition to (chrome oxide containing
at least 25 weight-per-    form the layers. cent oxygen) is
electrodeposited on the metal lay-     An article in the Journal of Vacuum
Science er, followed by casting of the dielectric layer onto  so  and
Technology, Volume 1, No. 1, pages 350-353 the black chrome covered metal
layer. The Cuneo     discloses a thin film carrier comprising a Kapton
patent indicates that the copper-polyimide bond is  substrate onto which a
chromium  layer is sput- improved such that the metal conductors will not
tered, followed by a copper layer. In subsequent be delaminated from the
polyimide layer by expo-   etching to form electrical circuits, the
chromium sure for five minutes in a 10-normal hydrochloric  55  layer
provides resistor elements and the copper bath at 25 degrees Celsius. While
the black        film serves as a base for conductors. The carrier is
chrome treatment improves resistance to undercut-   not subject to any
subsequent electroplating steps. 



ting over the polyimide cast directly onto copper,     Another article from
Solid State Technology, 2    3                 EP0215557B1
4 July 1973, pages 36-40, discloses a method of     ing the polyimide onto
a chromium plated copper making substrates for e.g. hybrid circuits using
film. Sputtering copper directly onto polyimide did pyralin as a base, on
which a layer of chromium is  not result in any improvements in resistance
to formed by vacuum  deposition. Following this a    undercutting from a
gold plating bath. The inventor layer of copper and chromium is formed,
again by   6   believes that the reason chromium works where vacuum
deposition, on the chromium layer and a    copper does not has to do with
overvoltage and the copper  only  layer  is  formed   on  the
liberation of hydrogen gas during the plating pro- chromium/copper layer. A
mask of photoresist is   cess. The polyimide film absorbs about 3%  by then
applied and copper is electroplated onto un-  weight of water. When the
copper-polyimide film is masked areas, followed by electroplating of gold.
10  placed into an aqueous plating solution, it acts like By applying the
photoresist prior to the electroplat-  a sponge that absorbs the
electrolyte and the elec- ing step and not removing it until afterwards,
there  trolyte then attempts to plate gold (or tin) on the is no exposure
of the metal/polyimide Interface to  back side of the copper, causing the
copper to the electroplating bath and therefore the delamina-  delaminate
from the polyimide film. tion problem Is avoided.                      15
Because of this property of the polyimide, the It is an object of the
present invention to pro-  plating is done under very unfavorable
conditions vide an improved method of fabricating a metal-   since the
plating surface is on the back side of the clad dielectric carrier which is
plated with gold or  copper away from the anode. This is very inelfi- tin
or metal whilst avoiding the problems of de-  cient and tends to liberate
hydrogen gas and it is lamination and undercutting of the metal which are
20  actually the hydrogen gas that causes the de- discussed above.
lamination of the copper from the polyimide film. The present invention
provides a method of     Putting a metal such as chromium inbetween the
manufacturing a carrier comprising the steps of   copper and the polyimide
forces the hydrogen to providing  a dimensionally stable polyimide sub-
form on the chromium surface rather than the cop- strae, vacuum depositing
a layer of metallic chro-  25  per surface. There is a very high
overvoltage on mium on said polyimide and electrodepositing a    the
chromium surface which does not allow the layer of copper on said chromium
layer; charac-   hydrogen gas to be liberated. terised by the chromium
layer having a thickness       An embodiment of the invention will now be
of 5 to 50 nanometres (50 to 500 Angstroms), and  described by way of
example only and with refer- by the further steps of etching said copper
layer to  30  ence to the accompanying drawings in which: form a desired
pattern of copper beams and sub-      FIGURE 1 is a schematic cross-section
of a sequently plating a layer of gold or tin or solder on  carrier
including a layer of chromium deposited said beams.
between the polyimide and copper layers; and For certain applications, the
layers of copper   FIGURE 2 is a schematic cross-section of a and chromium
may be formed on both sides of the   35  TAB product in which the etched
copper beams polyimide substrate.                                 have been
plated with gold. Thus the method of the invention starts out       A
carrier which may be used as a flexible from a flexible carrier comprising
a layer of dimen-  circuit or for bonding semiconductor chips to a sionally
stable polyimide film; a layer of metallic  substrate is manufactured in
accordance with the chromium of specified thickness vapor-deposited   40
following steps. A dimensionally stable (biaxially on the polyimide; and a
layer of copper elec-     oriented) polyimide layer such as Kapton is ob-
trodeposited on the chromium layer. The foregoing  tained. The polyimide is
typically available in carrier has improved resistance to undercutting and
0.0127, 0.0508, 0.0762 and 0.127 millimelre (1/2 delamination when immersed
in a gold or tin plat-  mil, 1 mil, 2 mil, 3 mil, and 5 mil) thicknesses.
For Ing bath.                                     45  TAB
(tape-automated-bonding) applications 2 mil or While not wishing to limit
himself to any par-  3 mil polyimide is preferred. The polyimide layer
ticular theory of operation, the inventor believes.  must be very clean and
free of dust prior to vacu- that the improved bonding between the copper
and   um deposition of the chromium layer. Cleaning can polyimide afforded
by the chromium is related to  be accomplished with various vacuum
techniques the fact that sputtering or vacuum deposition is a   so  such as
corona discharge or plasma discharge. high energy process. When a chromium
target is        The polyimide is then placed in a vacuum bombarded with
ions or electrons, metallic chro-  chamber with a chrome target. The chrome
is 



mium atoms are dislodged at a high energy. These  sputtered using
conventional techniques. In lieu of chromium  atoms are then deposited on
the         sputtering, evaporation or chemical deposition may polylmide
layer in a high energy-type interaction.  55  also be used to deposit the
chromium onto the The inventor determined that there is something
polyimide. Preferably the chromium layer is depos- special about the high
energy reaction between    ited to have a thickness of from  5 to 50
chromium and the polyimide as compared to cast-   nanometres (50 to 500
Angstroms). Then the cop- 3    5                EP0215557B1
6 per layer is electrodeposited onto the chromium   A composite consisting
of Kapton with sputtered layer to the desired thickness. Since it is some-
chrome  and  copper; the  chrome  being  5 times difficult to
electrodeposit copper directly onto  nanometres (50 Angstroms) thick and
the copper the chromium  a thin layer of copper may be       being 150
nanometres (1500 Angstroms) thick, was sputtered onto the chromium while
the carrier is   5   plated with 25 micrometers of copper in the follow-
still in the vacuum chamber. Preferably the copper  Ing plating bath: is
sputtered onto the chromium to have a thickness  Copper sulfate -(10
oz./gal.) 623.6 g/[err] of about 100 nanometres (1000 Angstroms).
Sulfuric acid -(25 oz./gal.) 1559 g/m3 The plating is done from a plating
bath such as  Chloride - 75 PPM copper sulfate or copper pyrophosphate
under con-  10  Copper Gleam PC (from Lea Ronal) - .5% by ventional
conditions for the printed circuit industry:  volume. 25 degrees Celsius;
in the neighborhood of 60        The bath was operated under the following
amps per square foot current density with agitation  conditions: room
temperature, air agitation, cathode of the bath; using a filtered copper
sulfate plating  current density 20 amperes per square foot using bath of
controlled pH with the pH in the range of 2-  15  copper anodes. 4. The
plating bath can also be a bath purchased     Following the plate-up a fine
line circuit was from a commercial vendor and usually contains     etched
in the copper using a ferric chloride etch- proprietary organic addition
agents for either bright-  ant. The remaining thin layer of chromium was
[err]ng or leveling of the deposit. Proprietary baths  dissolved in 10%
hydrochloric acid at room tem- [err]ed not be used; a standard copper
sulfate or  20  perature. pyrophosphate solution under the above conditions
The composite was then gold plated in the is adequate for the
electrodeposition. Normally, a  following plating bath: soluble copper
anode and deionized water is used.   - the bath was type ECF-61 purchased
from The anodes are bagged with an inert cloth material.    Englehard
(containing proprietary additives) The copper layer is preferably
electrodeposited to  25  - bath had a metallic gold content of 81.77 a
thickness of 25 micrometers. Following the elec-     g/[err] (1.2 Troy ozs.
per gallon) and was op- trodeposition step, the carrier is processed for
erated at a pH of 9.0 and 49% [err]. making circuity or TAB. Typically, a
dry film       - the current density of 5 amperes per square photoresist is
laminated to the copper surface, the   foot was used. circuit pattern is
imaged and then developed. This  30  - the anodes were platinized titanium.
is followed by etching to remove the unwanted        Following the
electrodeposit of 0.00254 mm copper which has not been protected. Etching
is  (100 microinches) of gold, no undercut or de- accomplished in any of
the standard etching solu-  lamination from the Kapton was observed. tions,
such as ferric chloride, cupric chloride, al- kaline etch, or hydrogen
peroxide etchant. A very  35  Example 2: good fine line width is possible
because it is possi- ble to keep the deposited copper thickness very      A
composite consisting of Kapton with 150 'n. In TAB it may be necessary to
etch the      nanometres (1500 Angstroms) of copper directly polyimide.
This is accomplished with a dry film    deposited on the Kapton was used.
The material resist and a very caustic, high-temperature etch.  40  was
plated up to 0.0254 mm (1 mil) of copper, Once the desired copper beams
have been           printed and etched as described in Example 1. The
formed, the composite is placed in a gold (or tin or  part was then
electroplated with gold as described solder) plating bath where the beams
are elec-    in Example 1. Almost total delamination of the trodeposited
with gold.                           copper from the Kapton was observed.
The foregoing method can be used to form a   45 TAB product with copper
beams on both sides of    Example 3: the polyimide by repeating the copper
etching pro- 



cedure for the second surface.                       A composite was copper
plated, printed and In Fig. 1 carrier 10 is shown with polyimide  etched
exactly as described in Example 1. The layer 12, sputtered chromium layer
14, and elec-  50  composite was then electroless-tin plated in a type
trodeposited copper layer 16. In Fig. 2 carrier 10  ST-240 plating bath
obtained from Cutech. The has been etched to form two copper beams 20 and
Cutech bath contains 155.9 - 187.08 g/[err] ( 2 1/2 - 22, which have
subsequently been plated with gold  3 ozs. per gallon) of tin and is
operated at a pH of 18.                                               2.0
at room temperature. The pre-clean in Cutech The invention will be further
illustrated by the   55  HL-16 30% by weight in water was performed for
following examples.                               10 minutes. No
delamination or undercutting of the copper from the Kapton was observed.
Example 1: 4    7                 EP 0 215 557 B1                     8
Example 4:                                             wUnschles Muster aus
Kupfer-Leiterbahimen (20) zu erzeugen: und Sample was prepared exactly as
Example 2            nachfolgend auf diesen Leiterbahnen (20) eine and
treated with Cutech tin exactly as described in    Schicht (18) aus Gold
oder Zinn oder Lctinittel Example 3. Almost total delamination of the
copper   5  aufgebracht wird. from the Kapton was observed. 2. Das
Verfahren nach Anspruch 1, Claims
dadurch gekennzeichnet, daB auf der Chromschicht (14) unter Vakuumbediri-
1. A method of manufacturing a carrier compris-  10    gungen eine Schicht
aus Kupfer aufgedarviplt ing the steps of providing a dimensionally sta-
wird, bevor die galvanische Abscheidung der ble polyimide substrate (12),
vacuum deposit-       Kupferschicht (16) erfolgt. ing a layer of metallic
chromium (14) on said polylmide and electrodepositing a layer of cop-  3.
Das Verfahren nach Anspruch 2, per (16) on said chromium layer (14);
charac-  15   dadurch gekennzelchnet, dafl terised by the chromium layer
(14) having a         die unter Vakuumbedingungen aufgeclampfte thickness
of 5 to 50 nanometres (50 to 500          Kupferschicht elne Schichtdicke
von etwa 100 Angstroms), and by the further steps of etching     Nanometer
(1000 Angstr6m-Einheiten) auf- ,.._  said copper layer to form a desired
pattern of     weist. copper beams (20) and subsequently plating a   20
layer of gold or tin or solder (18) on said     4. Das Verfahren nach einem
der Anspriicho I beams (20).                                         bis 3,
dadurch gekennzeichnet, daB 2. A method as claimed in claim 1 in which a
die galvanisch aufgebrachte KupferschichtII (16) layer of copper is vacuum
deposited on said  25     eine Schichtdicke von etwa 25 Mikrometer auf-
chromium  layer (14) prior to said  elec-           weist. trodeposition of
said copper layer (16). 5. Das Verfahren nach elnem der Anspilichio I S. A
method as claimed in claim 2, in which said       bis 4, vacuum deposited
copper layer has a thick-  30      dadurch gekennzeichnet, dab ness of
about 100 nanometres (1000 Angstr-          eine Schicht aus metallischem
Chromi unlter oms).
Vakuumbedingungen auf beiden Hauptfldclien des  Polyimid-Substrates  (12)
aufgedampft 4. A method as claimed in claim 1.2 or 3, in           wird;
und which said electrodeposited copper layer (16)  35   auf jader
Chromschicht galvanisch je eine KLIP- has a thickness of about 25
micrometres.            ferschicht aufgebracht wird. 5  A method as claimed
in any preceding claim,      Revendicatfons <&  in which a layer of
metallic chromium is vapour deposited on each side of said polyimide sub-
40  1. Procdd6 de fabrication d'un support, coonsislant strate (12), and a
layer of copper is elec-         a fournir un substrat en polyimide de
climeni- trodeposited on each of said chromium layers.       sions stables
(12), a ddposer sous vide fine couche de chrome m6tallique (14) sur lodit 



PatentansprUche                                        polyimide, A deposer
6lectrolytiquei.nelil ilne 45      couche de cuivre (16) sur ladite coui;
hoi /:le 1. Ein Verfahren zur Herstellung eines Tragers,        chrome
(14), la couche de chrome (14) ayant wobei ein dimensionsbestAndiges
Polyimid-           une 6paisseur de 5 a 50 nm (50 a 500 A). et a Substrat
(12) bereitgestellt wird, auf diesem       corroder ensuite ladite couche
de cuivie. afrin Polyimid-Substrat unter Vakuumbedingungen           de
former le rdseau d6sire de barrettes de elne Schicht (14) aus metallischem
Chrom auf-  5o   cuivre (20), puis a d6poser 6lectrolytiquernent gedampft
wird, und auf dieser Chromschicht          une couche d'or ou d'6tain ou de
soudure (18) (14) galvanisch eine Schicht (16) aus Kupfer        sur
lesdites barrettes(20). aufgebracht wird, dadurch gekennzeichnet, daB
2. Procede selon la revendication 1, dans lequel die Chromschicht (14) eine
Schichtdicke von 5   55  on depose sous vide une couche de cuivre sur bis
50 Nanometer (50 bis 500 Angstr6m-Ein-          ladite couche de chrome
(14) avant ledit cd6p8t heiten) aufweist;
electrolytique de ladite couche de cuivre (16). die Kupferschicht (16)
geatzt wird, um emn ge-    7                 EP0215557B1
8 Example 4:                                            wUnschtes Muster
aus Kupfer-Lelterbahien (20) zu erzeugen; und Sample was prepared exactly
as Example 2           nachfolgend auf diesen Leiterbahnen (20) eine and
treated with Cutech tin exactly as described in    Schicht (18) aus Gold
oder Zinn oder Lolnmittel Example 3. Almost total delamination of the
copper   5  aufgebracht wird. from the Kapton was observed. 2. Das
Verfahren nach Anspruch 1, Claims
dadurch gekennzeichnet, daB auf der Chromschicht (14) unter Vakuumbedin- .
1. A method of manufacturing a carrier compris-  10    gungen eine Schicht
aus Kupfer aulgedampit ing the steps of providing a dimensionally sta-
wird, bevor die galvanische Abscheidung der ble polyimide substrate (12),
vacuum deposit-      Kupferschicht (16) erfolgt. ing a layer of metallic
chromium (14) on said polyimide and electrodepositing a layer of cop-  3.
Das Verfahren nach Anspruch 2, per (16) on said chromium layer (14);
charac-  i5  dadurch gekennzeichnet, daR terised by the chromium layer (14)
having a        die unter Vakuumbedingungen aufgedarnpfte thickness of 5 to
50 nanometres (50 to 500         Kupferschicht eine Schichtdicke von etwa
I100 Angstroms), and by the further steps of etching    Nanometer (1000
Angstrbm-Einheileri) auf- said copper layer to form a desired pattern of
weist. K....-'  copper beams (20) and subsequently plating a   20 layer of
gold or tin or solder (18) on said    4. Das Verfahren nach einem der
Anspriche beams (20).                                        bis 3, dadurch
gekennzeichnet, dall 2. A method as claimed in claim 1 in which a
die galvanisch aufgebrachte Kupferschichl (16) layer of copper is vacuum
deposited on said  26    eine Schichtdicke von etwa 25 Mikrometer auf-
chromium  layer (14) prior to said elec-           weist. trodeposition of
said copper layer (16). 5. Das Verfahren nach einem der AnsprUche I 3  A
method as claimed in claim 2, in which said       bis 4, vacuum deposited
copper layer has a thick-  30     dadurch gekennzeichnet, daBl ness of
about 100 nanometres (1000 Angstr-         eine Schicht aus metallischem
Chrorn unlter oms).
Vakuumbedingungen auf beiden Hauptflichen des Polyimid-Substrates (12)
aufgedarmpft 4. A method as claimed in claim 1,2 or 3, in           wird;
und which said electrodeposited copper layer (16)  36  auf jeder
Chromschicht galvanisch je eine Kup- has a thickness of about 25
micrometres.           ferschicht aufgebracht wird. 5. A method as claimed
in any preceding claim,     Revendicatlons in which a layer of metallic
chromium is vapour deposited on each side of said polyimide sub-  40  1.
Proced6 de fabrication d'un support, consistant 



strate (12), and a layer of copper is elec-        a fournir un substrat en
polyimide de dirnen- trodeposited on each of said chromium layers.
sions stables (12), & ddposer sous vide une couche de chrome m6tallique
(14) sur ledit PatentansprUche
polyimide, a deposer 6lectrolytiquernent une 45      couche de cuivre (16)
sur ladite couI~he de 1. Ein Verfahren zur Herstellung eines Tr~gers,
chrome (14), la couche de chrome (14) ayanl wobel ein dimensionsbestandiges
Polyimid-          une 6paisseur de 5 a 50 nm (50 A 500 A), et a Substrat
(12) bereitgestellt wird, auf diesem      corroder ensuite ladite couche de
cuivre, afin Polyimid-Substrat unter Vakuumbedingungen          de former
le reseau d6sir4 de barrettes de eine Schicht (14) aus metallischem Chrom
auf-  6o  cuivre (20), puis a deposer electrolytiquement gedampft wird, und
auf dieser Chromschicht         une couche d'or ou d'6tain ou de soudure
(18) (14) galvanisch elne Schicht (16) aus Kupfer       sur lesdites
barrettes(20). aufgebracht wird, dadurch gekennzeichnet, daB
2. Proc6d6 selon la revendication 1, dans lequel die Chromschicht (14) eine
Schichtdicke von 5   5s  on d6pose sous vide une couche de cuivre sur bis
50 Nanometer (50 bis 500 Angstr6m-Ein-         ladite couche de chrome (14)
avant ledil cl6p6t heiten) autweist;
electrolytique de ladite couche de cuivre (16). die Kupferschicht (16)
geatzt wird, um ein ge- *   C   L   M   S   *    9                 EP 0 215
557 B1                    10 3  Proced6 selon la revendication 2, dans
lequel ladite couche de cuivre d~posde sous vide possede une 6paisseur
d'environ 100 nm (1000 A). 5 4. Procedd solon la revendication 1, 2 ou 3,
dans loquel ladite couche de cuivre (16) d6pos~e electrolytiquement possede
une epaisseur d'environ 25 arm. 10 5. Proced6 selon une quelconque des
revendica- tions precedentes, dans lequel on ddpose a l'Ntat vapeur une
couche de chrome m~tallique sur chaque face dudit substrat polyimide (12),
et on d6pose dlectrolytiquement une couche   15 de cuivre sur chacune
desdites couches de chrome. 20 25 30 35 40 45 50 55
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