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57 ABSTRACT 

An etching composition and a method utilizing such a 
composition for etching a surface of a polyimide is dis 
closed. The method comprises exposing the polyimide 
surface to an etching composition comprising an aque 
ous solution of a basic compound and ethylene dia 
mine. The ethylene diamine synergistically increases 
the etching rate of the polyimide. When the ethylene 
diamine is present in an amount in excess of its degree 
of solubility the etching of the polyimide results in a 
frosted or matte finish thereof. 

6 Claims, 3 Drawing Figures 
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A METHOD OF IMPROVING THE ADHERENCE OF 
A METAL DEPOSIT TO A POLYIMIDE SURFACE 
This application is a continuation-in-part of my co 

pending application Ser. No. 152,792, filed June 14, 
1971, now abandoned. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to a method of etching a poly 

imide surface, and more particularly, to a method of 
etching a polyimide surface to produce a matte finish 
thereof. 

2. Discussion of the Prior Art 
During the past few years, the markets for metal 

plated plastic parts have grown rapidly as manufactur 
ers have begun to appreciate the beautiful appearance 
of such parts when plated with bright, metallic finishes, 
and to take advantage of the economies in cost and 
weight afforded by substituting molded plastic parts for 
metal. Furthermore, such plated finishes are not as sus 
ceptible to pitting and corrosion because there is no 
galvanic reaction between the plastic substrate and the 
plated metal. 
Because plastic materials do not conduct electricity, 

it is common practice to provide a conductive layer, 
such as copper, by electroless deposition so that an ad 
ditional thickness of metals, particularly copper, nickel 
and chromium, can be electrolytically plated onto the 
electroless copper layer. Electroless deposition refers 
to a chemical deposition of an adherent metal coating 
on a conductive, non-conductive or semi-conductive 
substrate in the absence of an external electrical 
source. While there are several methods of applying 
this metallic coating by the combined use of electroless 
and electrolytic precedures, it was not until quite re 
cently that processes were developed which can pro 
vide even minimal adhesion of the conductive coating 
to the plastic. This is because overall adhesion is gov 
erned by the bond strength between the plastic sub 
strate and the electroless copper layer. Even with these 
improved processes, reasonable adhesion can be ob 
tained with only a very few plastics, and then only when 
great care is taken in all of the steps for the preparation 
and plating of the plastic substrate. 

In the printed circuit field, extensive use is being 
made of substrates comprising polyimides. One type of 
polyimide that is especially preferred as a substrate is 
the polyimide sold under the trademark "Kapton' (Du 
Pont). Kapton is a polyimide polymer made from the 
anhydride of pyromelittic acid and 4,4' 
diamino-diphenyl ether and is represented by the gen 
eral formula 

C C 

O O . . . . . . . 

s/ N. O WD-- OOO-O--> 
where n is an integer ranging from 150 to 650. Kapton 
has an average molecular weight ranging from 60,000 
to 250,000. 

Difficulties have been encountered heretofore in at 
tempting to deposit a layer of metal or metal ions upon 
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2 
polyimides, such as Kapton in that this type of mate 
rial, like many other plastics is not normally receptive 
to the aqueous solutions employed in metal plating 
processes. Prior efforts to overcome this deficiency 

5 have not been particularly successful. Moreover, the 
adhesion properties at the surface of this particular 
type of plastic is low thereby leading to metal deposits 
thereon which are easily flaked or stripped during nor 
mal usage. This makes it highly desirable that some way 
be found to activate polyimide substrates so as to in 
crease their adhesive properties at their surfaces and to 
render their surfaces hydrophilic while, at the same 
time, retaining their normal strength and their other de 
sirable physical properties. . 

In the present state of the art, various methods are 
available for rendering the surface of a polymer or a 
plastic material hydrophilic. One method in common 
practice in plating plastic materials entails mechanical 
roughening of the surface of the plastic. Initially, this 
surface roughening is accomplished by some form of 
mechanical deglazing, such as scrubbing with an abra 
sive slurry, wet tumbling, dry rolling or abrasive (sand) 
blasting. However, the mechanical deglazing process is 
extremely costly in that many parts have to be finished 
by hand, and, in the case of relatively small parts, or 
parts with complex contours, it is very difficult to 
abrade the surface uniformly by conventional means. 
Another disadvantage to mechanical abrading is that it 
is hard to control and many problems are encountered 
when the surface abrasion is carried too far. Of greatest 
disadvantage, however, is in the formation of printed 
circuits utilizing a photoimaging process, such as the 
photoselective metal deposition process revealed in 
DeAngelo et al., Ser. No. 719,976, filed Apr. 1968, 
now U.S. Pat. No. 3,562,005, assigned to the assignee 
hereof. The photoimaging process inherently requires 
a high pattern resolution. This resolution is limited by 
the topography of the surface on which the pattern is 
generated. When mechanical deglazing is employed, 
e.g., by sand blasting, the resolution of the pattern may 
suffer because of the mechanically roughened surface. 
Adhesion is defined as the attraction which exists be 

tween molecules at an interface. See Adhesion, D. D. 
Eley, Ed., University Press, Oxford (1961)). As stated 
in Goldie, Metallic Coating of Plastics, Vol. 1 (Electro 
chemical Publications Limited, 1969), there are vari 
ous categories of adhesion. The adhesion of printing 
inks to plastics involves one type, whereas use of adhe 
sives on plastics involves another and electroplating of 
plastic involves yet another. A method of improving ad 
hesive properties of a polyimide surface with respect to 
a selected deposited species thereon, including in part, 
printing inks, adhesives and electroplated metals, espe 
cially in aqueous form is needed. 
A method extensively employed to improve the adhe 

sive properties of plastics includes the use of chemical 
roughening agents or etchants thereof. Various basic 
compounds, typical of which are revealed in U. S. Pat. 
No. 3,361,589, are capable of acting as etchants for 
polyimides. However, it has been found that the type of 
etching resulting from such basic etchants does not 
lead to a large adhesion enhancement of a selected spe 
cies desposited thereon. The etched surface produced 
by most of the basic polyimide etchants is "smooth' to 
the naked eye. An etched surface which is frosted or of 
a matte finish to the eye is preferred, rather than the 
above-described “smooth' finish. Such a frosted or 
matte finish would enhance the adhesive properties of 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 



3,791,848 
3 

the polyimide surface to a selected species deposited 
therein. A method whereby such a matte surface is pro 
duced is therefore needed. 

SUMMARY OF THE INVENTION 
The present invention is directed to a method of 

etching a polyimide surface and, more particularly, to 
etching a polyimide surface to improve adhesive prop 
erties thereof with respect to a species deposited 
thereon. 
The method includes etching a polyimide surface 

with an etching composition which comprises an aque 
ous solution comprising a basic compound and ethyl 
ene diamine. A suitable etching, which improves the 
adhesive properties of the polyimide, occurs when the 
finish of the polyimide surface becomes frosted or 
matte to the naked eye. Such a frosted or matte fin 
ished surface is produced when the etching composi 
tion is in the form of a dispersion, wherein the ethylene 
diamine is present in an amount in excess of its degree 
of solubility, which is defined as a concentration of a 
saturated solution at a given temperature. A suitable 
species, e.g., a printing ink, an aqueous solution, an 
electroless metal deposit, etc., destined to be retained 
on the etched polyimide surface, may now be deposited 
thereon. 

DESCRIPTION OF THE DRAWING 
The present invention will be more readily under 

stood by reference to the following drawing taken in 
conjunction with the detailed description, wherein: 
FIG. 1 is a general flow chart of the novel process of 

the invention; 
FIG. 2 is a flow chart of the process of the invention 

directed to an electroless metal deposition; and 
FIG. 3 is a flow chart of the process of the invention 

directed to a photosensitive electroless metal deposi 
tion. 

DETALED DESCRIPTION 

The present invention is described primarily in terms 
of improving the adherence of a metal deposit, depos 
ited from an electroless plating bath, upon a polyimide 
surface. However, it will be understood that such de 
scription is exemplary only and is for purposes of expo 
sition and not for purposes of limitation. It will be read 
ily appreciated that the inventive concept described is 
equally applicable to improve adhesion between the 
polyimide surface and other conventional species well 
known in the art which may be utilized in cementing, 
printing and metallizing the polyimide surface. 
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A polyimide substrate is selected. A suitable poly 
imide includes any polyimide of a polyamide-acid hav 
ing the formula 

HOOC COOH 
N 7 

2. 
--N-C C-N-R'-- 

Li & 3 
where the arrows denote isomerism, R is an organic tet 
ravalent radical containing at least two carbon atoms, 
no more than 2 carbonyl groups of each polyamide 
acid unit being attached to any one carbon atom of said 
tetravalent radical; R' is a divalent radical containing 
at least two carbon atoms, the amide groups of adjacent 
polyamide-acid units each attached to separate carbon 
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4 
atoms of said divalent radical; and n is a positive integer 
sufficient to provide the polyamide acid with an inher 
ent viscosity of at least 0.1. Typical of such a polyimide 
is Kaptor Kapton is a polyimide formed from pyro 
mellitic dianhydride 

Yo 
/ C 

-- 
\ 

4,4'-diamino-diphenyl ether 

(sk D-o-KD su). 
and which has a general formula 

g 
C /*Y^*\ . N O D-O--> 
O 

O 

where n is an integer ranging from 150 to 650, and 
which has an average molecular weight ranging from . 
60,000 to 250,000. The above polyimides and their 
preparation are fully described in Edwards, U. S. Pat. 
No. 3,179,614, incorporated by reference hereinto. 
A surface of the polyimide, e.g., Kapton, etc., is 

treated with a suitable etchant thereof for a period of 
time sufficient to obtain an adequate etching or rough 
ening. Generally an adequate etching of the surface, in 
the case of clear polymeric materials, such as the poly 
imide Kaptor? for purposes of improving adhesive 
properties of the surface, occurs when the surface be 
comes uniformly translucent or frosted to the naked 
eye. Typically, such frosted surfaces have pores or pits 
of 1 p. or less in diameter and typically exhibit a depth 
of 10pu or less. 
A suitable etching for the polyimide class of polymers 

comprises a suitable basic compound and ethylene dia 
mine contained in a suitable carrier medium, e.g., alco 
hols of 1-4 carbons (methanol, ethanol, etc.). A pre 
ferred carrier, however, is water. Some suitable basic 
compounds are those revealed in Lindsey, U.S. Pat. 
No. 3,361,589, and incorporated by reference here 
into. Specifically, these are (1) a carbonate, hydroxide, 
cyanide, borate, phosphate, pyrophosphate, sulfite, sul 
fide or silicate of an alkali metal including sodium, po 
tassium, lithium, rubidium and cesium; (2) a carbon 
ate, hydroxide, cyanide, borate or sulfide of ammonia; 
(3) an alkoxide of an alkali metal and (4) quarternary 
ammonium hydroxides having a general formula 

/ 
----------. R' 

where R and Rare the same or different alkly radicals 
of one through four carbons, R is alkyl of one through 
18 carbons or alkenyl of one through 18 carbons and 
R is alkyl of one through 18 carbons, alkenyl of 1 
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through 18 carbons, phenyl, alkylphenyl where the 
alkyl portion has one through 18 carbons, benzyl or al 
kylbenzyl where the alkyl portion has one through 18 
carbons. However, a preferred basic compound is the 
hydroxide of the alkali metals, including sodium, potas 
sium, lithium, rubidium and cesium. 
The concentration of the basic compound and the 

ethylene diamine respectively, is determined by the 
type and degree of etching desired. The concentration 
of the basic compound may range over a broad spec 
trum, depending again upon the degree of etching and 
the rate of etching desired. Typically, for NaOH, a 
practical and operational concentration ranges from 1 
mole to 15 moles/liter of water. It is to be noted and 
stressed that adding ethylene diamine to an aqueous so 
lution of a suitable basic compound results in an unex 
pected synergism in the etch rate of the selected poly 
imide, e.g., Kapton&etc. Ethylene diamine by itself has 
no effect on the polyimide with respect to the etching 
thereof. However, upon adding ethylene diamine to a 
suitable basic etchant of the polyimide, e.g., an aque 
ous NaOH solution, a synergism is obtained whereby 
the rate of etch by the basic etchant, e.g., the aqueous 
NaOH solution, is increased. The amount of ethylene 
diamine necessary for this synergism ranges from a 
minimum, e.g., approximately 20 weight percent of the 
total solution in a 1N aqueous NaOH solution at 25°C, 
0.67 weight percent of the total solution in a 10N aque 
ous NaOH solution at 25°C, which may be easily deter 
mined experimentally by one skilled in the art using 
conventional techniques, to a maximum representing 
saturation of the basic solution at a particular tempera 
ture, e.g., approximately 6.2 to 7.6 weight percent of 
the total solution of ethylene diamine in a 10 normal 
aqueous NaOH solution at a temperature of 25°C. 
With respect to the saturation limit of ethylene dia 

mine, it is of course understood that using less concen 
trated aqueous basic solutions allows more ethylene di 
amine to go into solution with, of course, the converse 
being true. In this regard, also, it should be noted that 
the synergistic effect of ethylene diamine occurs above 
the saturation limit, i.e., when the ethylene diamine is 
present in an amount in excess of its degree of solubil 
ity, which is defined as a concentration of a standard 
solution at a given temperature. The above maximum, 
representing saturation, has been merely used to distin 
guish the synergistic concentration of the ethylene dia 
mine from a concentration of ethylene diamine which 
leads not only to the synergism but also to the produc 
tion of a frosted or matte polyimide surface finish. 

It is to be noted that where the polyimide surface is 
to be etched to a matte-free finish, it may be either in 
mersed in the basic compound - ethylene diamine solu 
tion or alternatively, it may be first immersed in ethyl 
ene diamine, whereafter it is immersed in an aqueous 
solution comprising the basic compound, e.g., NaOH. 
In this regard, it is hypothesized that the ethylene dia 
mine is first absorbed onto the polyimide surface 
whereafter it penetrates the polymer in depth and 
opens up or expands, in a spatial sense, the crosslinking 
network of the polymer. Subsequently upon exposure 
to the basic solution, e.g., aqueous NaOH, the ethylene 
diamine either combines therewith to cause the in 
creased etch rate or else provides "swelled' spatially 
expanded) sites which are more rapidly etched by the 
basic solution. Some support to the above hypothesis, 
resides in the fact that water rinsing of the ethylene dia 
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6 
mine exposed or treated polyimide surface does not 
prevent the synergistic effect. However, it is to be un 
derstood that the above explanation is in the nature of 
a hypothesis and the invention is not to be restricted 
thereby. Where the polyimide surface is first immersed 
in an ethylene diamine solution, the period of exposure 
therein should be sufficient to allow the absorption of 
the ethylene diamine on the surface. Such exposure, 
typically, is in the range of several seconds, e.g., ap 
proximately 30 seconds at a temperature of 25°C. It is 
also to be noted that surprisingly, etching the polyimide 
surface in this manner leads to a resultant basic com 
pound-polyimide etching reation product which is not 
readily analyzable or identifiable. This reaction prod 
uct does not have the appearance of products resulting 
from etching the polyimide with the various suitable 
basic compounds alone or the basic compounds com 
bined with the ethylene diamine. 
The synergistic etching of polyimides, e.g., Kapton, 

etc., with the aqueous etching solution, comprising the 
suitable base and ethylene diamine, may be carried out 
over a board temperature spectrum, whereby an etched 
matte-free finish is obtained. A practical, operational 
temperature ranges from 20°C to the boiling point of 
the etching solution. It is, of course, understood, that 
the concentration of the basic compound and the 
ethylene diamine and the temperature employed 
should be selected as to give a desired etch within a 
reasonable time. It is also to be understood and 
stressed that the concentration, temperature and time 
parameters are all interdependent and that variations 
in temperature will produce variations in the other 
parameters, whereby optimum results will be attained. 
In this regard, the various parameters and their 
interdependency are well known in the art and their 
interactions between one another is also well known 
or can be easily ascertained experimentally by one 
skilled in the art. 

As stated previously, an adequate and a preferred 
etching of a polyimide surface, for improving the adhe 
sive properties thereof, occurs when a frosted or matte 
finish is obtained. Such a surface is obtained only when 
the ethylene diamine is present, in the aqueous solution 
of the suitable basic compound, in an amount in excess 
of saturation, i.e., only when the ethylene diamine is in 
excess of its degree of solubility. Typically, for a 10 
molar aqueous NaOH solution, an ethylene diamine 
concentration of at least 7.6 weight percent of the total 
weight of the solution is required at a temperature of 
25°C. Typically, for a 15 molar aqueous NaOH solu 
tion, an ethylene diamine concentration of at least 1.8 
weight percent of the total weight of the solution is re 
quired at a temperature of 25°C. When such is the situ 
ation, a two-phase system comprising (l) an aqueous 
phase containing ethylene diamine and the suitable 
base, e.g., NaOH, and (2) an ethylene diamine phase, 
immiscible with the aqueous phase, is obtained. Prefer 
ably, the two-phase system should be in the form of a 
dispersion whereby the ethylene diamine is dispersed 
throughout the aqueous phase. This is preferred since 
it leads to a uniformly frosted polyimide surface rather 
than one which may be spotty. The dispersion may be 
attained by standard means well known in the art, in 
cluding, in part, mechanical stirring or agitation, ultra 
sonic cavitation, and chemical additives, such as sur 
factants. 

Referring to FIG. 1, the polyimide surface destined 
to be frosted is immersed in the two-phase dispersion 
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for a period of time sufficient to attain an adequate 
etch, as evidenced by the frosted or matte finish 
thereof. As mentioned above, an adequately etched 
surface, having improved adhesive properties, typically 
exhibits pores or pits of lu or less in diameter, which 
typically have a depth of 10 or less. After the poly 
imide, e.g., Kapton, etc., has been etched, whereby a 
frosted or matte finish is obtained, the frosted surface 
is then subjected to a deposition of a suitable species 
thereon. The frosted surface may first be subjected to 
an optional treatment or step which comprises remov 
ing essentially all traces of a deposit residing on the 
etched surface. The deposit comprises the etchant and 
for an etchant-polyimide reaction product which 
forms. The removal may be best accomplished by rins 
ing the frosted surface with water or any other suitable 
cleaning agent for approximately 1 minute. In this re 
gard, it is to be noted that the rinsing may extend be 
yond one minute since there is not adverse affect from 
long duration rinsing with water and in fact long dura 
tion rinsing with water, e.g., typically, about 15 minutes 
with water maintained at a temperature of 20°C, 5 min 
utes with water at a temperature of 60°C, is preferred 
when an electroless metal deposit is to be deposited on 
the frosted surface. It is also to be understood that re 
moval step may involve in whole or in part a mechani 
cal removal, e.g., by doctor blading, of the etchantand 
for etchant-polyimide reaction product which forms or 
remains on the frosted surface. It is to be understood 
and stressed that although the removal step is pre 
ferred, where traces of the etchant and/or etchant 
polyimide reaction product can be tolerated on the 
frosted surface of the polyimide, this removal step may 
be eliminated. 
A suitable selected species is then deposited on the 

frosted polyimide surface, which may or may not have 
traces of the etchant and/or etchant-polyimide reaction 
product thereon. A suitable species may be any of a 
multitude of materials, well known in the art, which can 
be deposited upon a polyimide type polymer and com 
prises in part conventional aqueous or organic based 
paints, lacquers, inks and adhesives, aqueous or non 
aqueous solutions of inorganic salts, aqueous or non 
aqueous electroless metal deposition solutions, e.g., 
sensitizers and activators, and the metal deposits result 
ing therefrom, metals, etc. The suitable species may be 
deposited or applied to the frosted or matte surface by 
any standard means known in the art including dipping, 
brushing, spray coating, spin coating, vapor depositing, 
electroless depositing with or without electrodepos 
iting, sputtering, etc. 
Where the selected species is an electrolessly depos 

ited metal, a standard technique may be employed. A 
typical standard method of electroless deposition is 
outlined in the flow diagram of FIG. 2. It is, of course, 
understood that any conventional electroless metal de 
position technique may be employed and the outline in 
FIG. 2 is illustrative only and not restrictive. The 
frosted polyimide surface is thoroughly rinsed with wa 
ter, typically about 5 minutes with water maintained at 
60°C, to remove essentially all traces of the etchant 
and/or etchant-polyimide reaction product which 
forms. It is, of course, understood that the removal or 
cleaning step may be carried out with any suitable 
agent, including a mechanical one. The rinsing is to 
avoid contaminating a sensitizing, an activating and an 
electroless metal plating solution to which the frosted 
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polyimide surface is destined to be subjected. Contami 
nation, particularly of the plating bath, is undesirable 
because the stability of such plating baths is frequently 
adversely affected by such a condition. 
After rinsing, the frosted polyimide surface is sensi 

tized. Sensitization consists of depositing or absorbing 
on the frosted surface a sensitizing species, e.g., Sn' 
ion, which is readily oxidized. Conventionally, the 
rinsed, frosted surface is dipped into a standard sensi 
tizing solution, e.g., aqueous stannous chloride with a 
supporting medium such as HCl, ethanol, ethanol and 
caustic, or ethanol and hydroquinone. It is to be under 
stood that the sensitizing solutions and the conditions 
and procedures of sensitizing are well known in the art 
and will not be elaborated herein. Such sensitizers and 
procedures may be found, in part, in Metallic Coating 
of Plastics, William Goldie, Electrochemical Publica 
tions Limited, 1968. 
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After sensitizing the frosted surface, the sensitized 
surface is rinsed, then activated. It is to be noted that 
it is important that the sensitized frosted surface be 
rinsed thoroughly in a cleaning medium, e.g., deionized 
water, after sensitizing. If such is not done, there is a . 
possibility that excess sensitizer on the roughened sur 
face will cause reduction of an activating species, e.g., 
Pd f', to which the sensitized surface is destined to be 
exposed, in non-adherent form on the frosted surface. 
Activation relates to providing a deposit of a catalytic 
metal, e.g., Pd, over the frosted surface of the poly 
imide substrate in sufficient quantities to successfully 
catalyze a plating reaction once the frosted surfacee is 
introduced into an electroless plating bath. The sensi 
tized, frosted surface is exposed to a solution contain 
ing the activating surface, e.g., a noble metal ion, 
wherein the sensitizing species is readily oxidized and 
the noble metalion, e.g., Pd, is reduced to the metal, 
e.g., Pd, which in turn is deposited on the frosted sur 
face. The deposited activating metal, e.g., Pd, acts as a 
catalyst for localized further plating. Again, it is to be 
understood that the various activating metal ions and 
their solutions, the conditions and procedures of acti 
vation are well known in the art and will not be elabo 
rated herein. Such activators and procedures may be 
found, in part, in Metallic Coating of Plastics, previously 
referred to. 
After the activating step, the activated polyimide sur 

face is immersed in a standard electroless plating bath 
containing a metal ion, e.g., Cui', destined to be re 
duced by the catalytic metal species, e.g., Pd. The 
metal ion, e.g., Cut', is reduced by the catalytic metal, 
e.g., Pd, and is electrolessly deposited on the frosted 
surface. Again it is to be pointed out that the electroless 
baths, the electroless plating conditions and procedures 
are well known in the art and will not be elaborated 
herein. Reference is again made to Metallic Coating of 
Plastics, previously referred to, for some typical exam 
ples of electroless baths and plating parameters. It is to 
be noted that in some cases, it is possible to go directly 
from the sensitizing step to the electroless plating solu 
tion exposure step. It is also noted that the electroless 
metal deposition may then be subjected to a conven 
tional electroplating bath whereby the electroless metal 
deposit is built up. 
A preferred method of electrolessly depositing a 

metal on the abraded polymeric surface is the method 
revealed in DeAngelo et al., Ser. No. 719,976, filed 
Apr. 9, 1968, and now U.S. Pat. No. 3,562,005, as 
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signed to the assignee hereof and incorporated by ref 
erence hereinto. Referring to FIG. 3, the method en 
tails applying a photopromotor solution to the frosted 
polyimide surface, utilizing procedures revealed in M. 
A. DeAngelo et al. It is to be noted that the frosted sur 
face is treated, prior to the photopromoter coating, so 
as to remove a portion of the deposit, representing es 
sentially all traces of the etchant and/or etchant poly 
imide reaction product which forms, from the surface. 
A photopromoter is defined as a substance which, upon 
being exposed to appropriate radiation, either (a) dissi 
pates chemical energy already possessed thereby or (b) 
stores chemical energy not previously possessed 
thereby. When the substance possesses or has stored 
chemical energy it is capable of promoting, other than 
as a catalyst, a chemical reaction whereby it, the photo 
promoter, undergoes a chemical change in performing 
its function (unlike a catalyst). The resultant photopro 
moter-covered, frosted polyimide surface may then be 
rinsed with deionized water (depending on the type of 
photopromoter employed), and is then dried. The 
photopromoter-coated surface is then selectively ex 
posed to a source of ultraviolet radiation, through a 
suitable mask, to form at least one region which is ca 
pable of reducing a precious metal from a precious 
metal salt, e.g., PdCl2. The region so capable is ex 
posed to the precious metal salt, e.g., PdCl2, whereby 
the precious metal salt is reduced to the precious metal, 
e.g., Pd, which in turn is deposited thereon. The pre 
cious metal-deposited region is then exposed to a suit 
able electroless metal plating bath, e.g., copper, 
wherein the metal, e.g., copper, is plated on the region, 
forming an adherent metal deposit on the frosted poly 
imide surface. The electroless metal deposit may then 
be subjected to a conventional electroplating bath 
treatment. 
A suitable photopromoter solution may be either a 

positive type or a negative type as discussed in DeAn 
gelo et al. A suitable mask, either positive or negative 
depending on whether the photopromoter is positive or 
negative, is one as discussed in DeAngelo et al. and typ 
ically comprises a quarts body having a radiation 
opaque pattern thereon. The ultraviolet radiation 
source is a source of short wavelength radiation (less 
than 3,000A, and typically about 1,800A to about 
2,900A). 

EXAMPLE I 

A. For comparison purposes, a 2 mil thick Kapton (8 
film, which is a polyimide made from the anhydride of 
pyromellitic acid and 4,4' diamino-diphenyl ether, and 
is represented as having a general formula 

9 
? Y- -O- - (J - --> 

| 
-u o - - - - - - - - - - - 

where n is an interger ranging from 150 to 650, and 
having an average molecular weight of 60,000 to 
250,000, was chemically etched in a 10N-NaOH aque 
ous solution, commercially obtained, at a temperature 
of 25°C. After 10 minutes there was a loss of about 0.1 
mil of thickness. There was no pitting or frosting ob 
served. 
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B. The procedure of Example I-A was repeated ex 
cept that the etching solution comprised 2.1 weight 
percent, of the total weight of the resultant solution, of 
anhydrous ethylene diamine, commercially obtained, 
in the 10N aqueous NaOH solution. After 10 minutes 
there was a loss of 0.2 mill of thickness. There was no 
pitting or frosting observed. 
C. The procedure of Example I-B was repeated ex 

cept that 4.3 weight percent of the total weight of the 
resultant solution, of ethylene diamine was used. After 
10 minutes there was a loss of 0.5 mill of thickness. 
D. The procedure of Example I-B was repeated ex 

cept that 7.6 weight percent, of the total weight of the 
resultant solution, of ethylene diamine was used. A 
two-phase system resulted. The Kapton 8 film was im 
mersed in the two-phase system without agitation 
thereof. After 10 minutes there was a loss of 0.7 mill of 
thickness. The resultant Kapton 8 surface was frosted 
or had a matte finish. 

E. The procedure of Example I-D was repeated ex 
cept that 9.1 weight percent, of the total weight of the 
resultant solution, of ethylene diamine was employed. 
After 10 minutes a loss of 0.8 mil was obtained. The re 
sultant Kapton 8 surface was frosted. 

F. The procedure of Example I-D was repeated ex 
cept that 16.8 weight percent, of the total weight of the 
resultant solution, of ethylene diamine was employed. 
After 10 minutes a loss of approximately 1.0 mil was 
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obtained. The resultant Kapton 8 surface was frosted. 

EXAMPLE II 

A. For comparision purposes a 2 mil thick Kapton (8) 
film was immersed in a 100 percent ethylene diamine 
solution, commercially obtained, at a temperature of 
25°C. After 10 minutes there was no etching of the 
Kapton (8 film. 

B. For comparison purposes the procedure of Exam 
ple II-A was followed except the solution was an aque 
ous 10N-NaOH solution. After 10 minutes 0.1 mill of 
the film was removed. 
C. The procedure of Example II-A was followed ex 

cept that the film was first immersed in the ethylene di 
amine for 10 minutes, followed by a water rinse for 15 
seconds. The film was then immersed in the solution of 
Example II-B for 10 minutes at 25°C. A removal of 0.2 
mit of the Kapton film resulted. There was no observ 
able frosting. A film or residue representing a polyi 
mide-etchant reaction product was observed. The reac 
tion product was unknown and was not readily analyz 
able. 

D. The procedure of Example II-C was followed ex 
cept that the film was immersed in the ethylene dia 
mine for 5 minutes at 25°C, followed by a 15-second 
water rinse. A removal of approximately 0.15 mill of the 
film resulted. 

E. The procedure of Example II-C was followed ex 
cept that the film was immersed in the ethylene dia 
mine for 2 minutes. A removal of approximately 0.16. 
mill of the film resulted. 

F. The procedure of Example II-C was followed ex 
cept that the film was immersed in the ethylene dia 
mine for 30 seconds at a temperature of 25°C. A re 
moval of approximately 0.15 mill of the film resulted. 
G. The procedure of Example II-C was followed ex 

cept that the film was immersed in the ethylene dia 
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mine for 30 minutes at a temperature of 25°C. A re 
moval of approximately 0.5 mill of the film resulted. 

EXAMPLE III 
A. For comparison purposes, a 2 mil thick Kapton (8 

film was chemically etched in a 10N-NaOH acqueous 
solution, commercially obtained, at a temperature of 
25C. After 1 hour, there was a loss of about 0.1 mill of 
thickness. 
B. The procedure of Example III-A was repeated ex 

cept that the etching solution comprised 0.67 weight 
percent, of the total weight of the resultant etching so 
lution, of anhydrous ethylene diamine, commercially 
obtained, in the 10N aqueous solution. After 1 hour 
there was a loss of 0.5 mill of thickness. 

EXAMPLE IV 

A. For comparison purposes, a 2 mil thick Kapton (9 
film was immersed in a 1.0N-NaOH adueous solution 
maintained at a temperature of 25°C. After 30 minutes 
there was no etching of the polyimide film. 
B. The procedure of Example IV-A was repeated ex 

cept that the etching solution comprised 20.17 weight 
percent, of the total weight of the resultant etching so 
lution, of anhydrous ethylene diamine, commercially 
obtained, in the 1N aqueous NaOH solution. After 30 

5 
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25 

minutes there was a loss of 0.1 mill of thickness. There 
was no pitting or frosting observed. 
C. The procedure of Example IV-B was repeated ex 

cept that 22 weight percent, of the total weight of the 
resultant etching solution, of ethylene diamine was 
used. After 30 minutes there was a loss of 0.1 mill of 
thickness. There was no pitting or frosting observed. 

EXAMPLE V 
A. For comparison purposes, a 2 mil thick Kapton 6 

film was immersed in a 15N-NaOH adueous solution 
maintained at a temperature of 25°C. After 30 minutes 
there was a loss of about 0.2 mil of thickness. There 
was no pitting or frosting observed. 

B. The procedure of Example V-A was repeated ex 
cept that the etching solution comprised 1.8 weight 
percent, of the total weight of the resultant etching so 
lution, of anhydrous ethylene diamine, commercially 
obtained, in the 15N aqueous NaOH solution. After 10 
minutes there was a loss of about 0.5 mil of thickness. 
There appeared a very slight frosting of the polyimide 
surface. 
C. The procedure of Example V-B was repeated ex 

cept that 3.1 weight percent, of the total weight of the 
resultant solution, of anhydrous ethylene diamine was 
used. After 10 minutes there was a loss of about 0.1 
mil. The resultant Kapton (8 surface was frosted or had 
a matte finish. 

It is to be understood that the above-described em 
bodiments are simply illustrative of the principles of the 
invention. Various other modifications and changes 
may be devised by those skilled in the art which will 
embody the principles of the invention and fall within 
the spirit and scope thereof. 
What is claimed is: 
1. In an improved method of improving the adher 

ence of an electroless metal deposit to a surface of a 
polyimide of a polyamide-acid having the formula 
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12 
COO 

N / 
R 

/ N. 
-N-C C-N-R'-- 

H O O H 

where the arrows denote isomerism; R is an organic tet 
ravalent radical containing at least two carbon atoms, 
no more than 2 carbonyl groups of each polyamide 
acid unit being attached to any one carbon atom of said 
tetravalent radical; R' is a divalent radical containing 
at least two carbon atoms, the amide groups of adjacent 
polyamide-acid units each attached to separate carbon 
atoms of said divalent radical; and n is a positive integer 
sufficient to provide said polyamide acid with an inher 
ent viscosity of at least 0.1, which consists essentially 
of the steps of: 
a sensitizing the surface to form a sensitized surface; 

Hooc 

b. activating the sensitized surface to form an acti 
wated surface; and 

c. exposing the activated surface to a suitable electro 
less bath to deposit the electroless metal thereon, 
the improvement comprising: 
a prior to step (a) above, treating the polyimide 
surface with an aqueous etchant solution consist 
ing essentially of 
1. a basic compound selected from the group 
consisting of a carbonate, hydroxide, cyanide, 
borate, phosphate, pyrophosphate, sulfite, sul 
fide and silicate of an alkali metal; a carbonate, 
hydroxide, cyanide, borate and sulfide of am 
monia; alkali metal alkoxides where the alkyl 
ate portion has 1 through 4 carbons; and a 
quarternary ammonium hydroxide of the for 
mula 

R2 R1 

Y-OH 
/ 

.-- ---. . . . .----- ... --------a- - -am m r - a-- 

where R and Rare each alkyl of one through four car 
bons, R is selected from the group consisting of alkyl 
of one through 18 carbons and alkenyl of one through 
18 carbons; and R is selected from the group consist 
ing of alkyl of one through 18 carbons, alkenyl of one 
through 18 carbons, phenyl, alkylphenyl where the 
alkyl portion has one through 18 carbons, benzyl and 
alkylbenzyl where the alkyl portion has one through 18 
carbons; and 

2. ethylene diamine in an amount in excess of satura 
tion of said aqueous solution, to etch the surface. 

2. The method as defined in claim which further 
comprises removing a deposit residing on said etched 
surface, said deposit being one of the group consisting 
of said etchant, an etchant-polyimide reaction product 
and mixtures thereof. 

3. The method as defined in claim 1 wherein said eth 
ylene diamine is present in an amount in excess of its 
degree of solubility. 

4. The method as defined in claim 1 wherein in step 
(a") the polyimide surface comprises a polyimide made 
from the anhydride of pyromellitic acid and 4,4' 
diamino-diphenyl ether, having a general formula 
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O O ing a weight average molecular weight of 60,000 to 
? . 150,000. 

he method as defined 11 can Wheel Sal - N Y O- --- 5. Th hod as defined in claim 1 wherei id 
NC -C/ basic compound comprises an alkali hydroxide. 

| 5 6. The method as defined in claim 1 wherein said 
O O basic compound comprises NaOH. 

where n is an integer ranging from 150 to 650, and hav- k + k + k 
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UNITED STATES PATENT OFFICE 
CERTIFICATE OF CORRECTION 

Patent No. 3,791,848 Dated February 2 1974 

inventor(s) M. A. DeAngelo 

It is certified that error appears in the above-identified patent and that said Letters 
Patent are hereby corrected as shown below: s 

In the specification, golun 2 line 43, "Adhesion" 
should read --Adhesion--; line 63, "desposited" should read 
--deposited.--. Column 3, line 2, "therein" should read 
--thereon--. Column ly, line 65 "alkly' should read 
--alkyl--. Column 6, line 22, "board" should read --broad--. 
Column 7, lines 25 and 26, "removal" should read --the 
removal--. Column 8, line 3l, "Surfacee" should read 
--Surface--; line 34, "Surface" should read --Species--. 
Column 9, line 43, "quarts" should read --quartz--. 
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