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Claim

1. A process for the production of a multi-layered wiring laminate using 

a polymer system comprising an irradiation cross-linkable thermostable 

polymer for use in the manufacture of multi-layer wiring systems having a 
reaction product of a fluorinated linear oligomer having at least two 

reactive end groups per polymer molecule with radiation-sensitive 

substances, the process comprising the steps of
a) coating a metal foil, preferably of copper, with a layer of said 

polymer system;
b) producing a desired wiring structure by exposing said layer to light 

through a suitable mask and dissolving away the unexposed parts of 
the polymer layer;

c) reinforcing exposed metal by electroplating; and

d) in the same way producng further wiring layers by coating, 

structuring and electroplating.
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ABSTRACT OF THE INVENTION

"A THERMOSTABLE POLYMER SYSTEM FOR MICROELECTRONIC

APPLICATIONS WHICH CAN BE CROSS-LINKED BY IRRADIATION"

In order to achieve a low die-lectric constant and to 

improve the continuous temperature resistance of 

radiation-sensitive synthetic resin lacquers, a polymer 

system is provided which contains as starting material for 

reaction with a radiation-sensitive material, a linear 

fluoropolymer having at least two reactive end groups 

per polymer molecule. Preferably, perfluorinated 

polyether compounds and perfluorinated alkanes are used. 

The product is used as a coating (2, 13, 4) for the 

production of multi-layer printed circuits and economises 

on through-bores and additional intermediate copper 

layers. A further field of application is integrated 

semiconductor circuits in the VLSI-technique for use as ae- 

negative photo-resists.

(Fig. 2)
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The present invention relates to thermostable polymer 

systems for microelectronic applications u/hich can be 

cross-linked by irradiation.

It is known to produce printed multi-layer wiring 

5 by pressing thin-layer laminates which contain the

appropriate wiring image, on to one another using 

adhesive films. The thin-layer laminates and adhesive 

films form insulating layers between the individual 

conductor path levels. After the formation of the multi-

10 layer circuit boards, the wiring connections and contact
tt I « ί

, ,, points between the individual layers are produced by* ♦ isets
means of bores and subsequent through-contacting via 

j ,·<, these bores .
fl « 9 »

In order to avoid crack formations in the contact
tut

15 layer and in the intermediate layers, and possible de- 

lamination effects during soldering, or in the event of 

temperature changes, this process as described above 

has been improved by providing that both sides of the 

thin-layer laminates are covered with copper and then

20 coated with a photo-resist. This resist, which

may be either a negative or a positive resist, is 

covered with an appropriate mask, exposed to light and 

deve-1 oped. The residual developed resin layers serve as 

a resist during the subsequent etching of the copper.

25 When the unrequired copper has been removed by etching, 

the desired conductor image is formed to which the photo-

i)
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etch-resist adheres when a negative resist is

used. These resists residues are removed, either using 

organic solvents, or mechanically, and the next layer is 

then applied.

5 In the case of structure formation by means of

irradiation, it is necessary to differentiate betu/een 

a low energy region (wavelength exceeding 100 nm) and a 

high energy region, for example X-rays, or electron 

rays. Naturally, the resolution of the step of exposure

10 to light increases when radiation of a shorter wavelength 

is used. As disclosed in an article by A Ledwith "IEE 

Proceedings", Vol. 130, Part 1, No. 5, October 1983 

on page-s 245 to 251, the limits are about 1 pm for UV- 

radiation and about 80 i? for electron radiation.

15 Intervals between conductor paths of less than

20 pm are required in the construction of microelectronic 

components. Consequently, the material which is used 

must have a low dielectric constant. As disclosed in an 

article by A J Blodgett in "Spektrum der Wissenschaft" ,

20 September 1983, pages 94 to 106, the dielectric constant 

should have a value of less than 3. It is stated in the 

same article that, in the case of highly integrated 

components, during operation a continuous high thermal

stress, in the region of about 100 C, occurs.

25 -cbj-ect of the, present-d~rore:n±drcn' tn~pjrggd^e-

a polymer system which can =4Tnked by exposure

<■

$
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It is an object of the present invention to provide an improved 

process for the production of a multi-layered wiring laminate using a 
polymer system.

According to one aspect of the present invention there is disclosed a 
5 process for the production of a multi-layered wiring laminate using a

polymer system comprising an irradiation cross-linkable thermostable 

polymer for use in the manufacture of multi-layer wiring systems having a 

reaction product of a fiuorinated linear oligomer having at least two 
reactive end groups per polymer molecule with radiation-sensitive

10 substances, the process comprising the steps of
a) coating a metal foil, preferably of copper, with a layer of said 

polymer system;

b) producing a desired wiring structure by exposing said layer to light 
through a suitable mask and dissolving away the unexposed parts of

15 the polymer layer;

T* c) reinforcing exposed metal by electroplating; and
Ο β O 0

j e»»o d) in the same way producng further wiring layers by coating,
°°°° structuring and electroplating.

O 0 0

°° · It is preferable to have a polymer system which can be cross-linked
0 0 0

.20 by exposure to light and which is to have the following properties:

1. the dielectric constant to be less than 3;
2. the continuous temperature resistance to be greater than 100°C;
3. a short exposure time is desirable; if possible, times of less than 5

p
minutes at an intensity of 100 mw/cm (for UV-curing);

25 4. it is to be suitable for multi-layer construction without
intermediate copper layers.
A polymer material which has both the required high resolution, good 

structural stability, and the required thermal load stability, and can also 

be easily processed using conventional photolithographic processes, has not
30 hitherto been described.

An article by C D Eisenbach in the journal "Angewandte 

Makromolekulare Chemie" 109/110 (1982), on pages 101 to 102, has described 

polyimide systems which do in fact exhibit good thermal properties after 
hardening but during hardening suffer a loss of about 407» in mass and

35 therefore a strong shrinkage.

Moreover, the same article describes ol igoquii.ol ine systems which 
have very good electrical properties, but are insensitive during light

I

1
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exposure and also have intrinsic colourings.
A radiation-sensitive synthetic resin layer having a cinnamic acid

epichlorhydrin-bisphenol A basis, capable of partly fulfilling the object 

of the present invention, has been proposed in German Patent Application

5 P 34 24 119.1.
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Good structural resolution and suitable electrical

properties are achieved by the use of this polymer system; 

however, the thermal load stability is not as good as 

it should be.

A polymer system which fulfils the above-described 
CL tV\e- sY.c3o\e f>o. S^ste-w.

requirements is provided by^t=he_pj-eaont -·1ηΛΛ&^4ζ1=οn , in

wh=loh—thc-ro— ia^p:P&vided-a-the^megtaHie==p=eiymer=s=y&feeffl

for microelectronic applications which can be cross-linked 

by irradiation, produced by reacting a linear fluoro-oligomers

having at least two reactive end groups per 

molecule as starting material with a radiation-

sensitive material.

Ihe starting materials may be perfluorinated ether 

compounds of the chemical formula

X - cf20 - (c2F40)m - (CF20)n - cf2 - y
■ι

and/or

Z - CF2 - (C2F40)m - (CF„O) - CFZ n 2

where X and Y are - Ct^OH, - COOH, - COCI,

an isocyanate of the formula

Ο H CH,
U· 1 ,/y

© - c - N ----- ol

Z

NCO, Z is

NCO

20 and m and n_ are greater than 2, preferably between 5 and 

20. (The starting compounds are commercially available 

from the Montedison Company).

I

iX

!

l·
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However, it is equally possible to use as the 

starting materials perfluorinated alkanes of the chemical 

formula X - ~ where X is a hydroxyl group (OH),

or iodine (I) and n. is preferably a number between 3 and

’ 5 25. (These starting compounds are commercially

available from the Hoechst Company).

In order to form products which can be cross-linked 

by radiation, the perfluorinated starting material can 

be directly reacted. The direct reaction of the

10 fluorinated starting material with cinnamic acid,

acrylic acid, or methacrylic acid, and the chlorides or 

derivatives thereof, such as furfurylacrylic acid 

chloride, produces products which can be cured by UV- 

radiation, whilst reaction with bifunctional carboxylic

15 acids containing double bonds, such as maleic acid, or 

the corresponding anhydrides, such as maleic acid 

anhydride, leads to products which can be cured by
t «

* X-rays.

«‘i’’. In order to increase the size of the molecules and
J t ’

20 to promote the cross-linking which increases the

stability, the fluorinated starting materials having at 

least two reactive end groups (for example COCl-groups) 

may first be linked to polyfunctional, non-radiation- 

reactive materials, and in a subsequent step be reacted

25 with the radiation-sensitive substances.

Examples of polyfunctional materials with which the

starting materials can be reacted are :-

K
/"I
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multifunctional alcohols, such as glycerol or penta- 

erythritol; poly-substituted phenols such as

X

Y

where X = -OH, and/or Y = - COOH

5 and R = -H or an alkyl group; or

X
Y

Y

4 8 t 8
ί 4 8'

OH
where X

group;

OH , and R = - H or alkyl

or

OH

where Z = - CH9OH; or

10 bisphenol - A - derivatives, such as

Z CH.

HO
° >—p-< ° $-

7 CH. Z

OH

where Z = - 0Η2θΗ; or

polymers which contain one or more epoxy groups

Y = - c
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per molecule and one or more groups of the formulae -OH

or
H OH

2>c/

\

u/here R = - H or alkyl group, per polymer unit; for 

example
- 0 - B3CH„ - CH - CH„ - Γ 0 - A - 0 - CH9

\ / 2 L 2
0

CH - CH.

CH-

u/here A preferably =

CH.
f t ( {

5J t t r
« ♦ «9 < «

«11« X = - OH or H or an alkyl group,— C R , R

OH
1 1 ' 1 1 tit :

B = - H, an alkyl group, or a phenyl group, and in 

10 particular is

nw CH - CH„ and n > 2, preferably 10 < n < 30.■ un2 ~ — - —
0

Another possibility for obtaining the desired 

photo-cross-linkable polymer consists in first linking 

the fluorinated starting material u/ith a material having

15 photo-reactive groups and. reacting the product A so

formed, in a further step, u/ith the poly functional photo­

reactive materials. An exemplary embodiment is as

follou/s :-

First Step:

ZO Reaction of the fluorinated starting material u/ith,

for ex-ample·, cinnamic acid chloride produces product A.

.JSx.
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HO - (CF2)r - OH + 2<^ 0 ^>-CH = CH - C

--------------->

Cl

( c F )Z n
0

- CH = CH -^0 (A)

oz

Second Step:

Reaction of A

«·»« 5 glycerol and 3 mol
0> V Ο β
9 «Οβ β β

Η Ο
.*·:·, ι ιι

«< · HC - Ο - C - CH =
β « ϊletlit t

ο
HC - Ο - C - CH =

with product B consisting of 1 mol

cinnamic acid

CH—<QT>

HC - Ο - C - CH = 
H

in the approximate ratio A:B = 10:1 produces an end 

10 product having approximately the following chemical

f ormula:

5
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ϊ1 /
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« * 4
ϊ δ »ϊ ί ί β

\-c-c-O

ο ϊ

A^r-A - C ~ C-Ο ~ (fq) 
CpJ Η Η II Α'

Β

Η
The formula given above is only one of an infinite number 

of possibilities for the arrangement of A and B in the 

cross-linked product. Such variation occurs because 

1) all the possible combinations

a) A - A

b) A - B [ ω i t h A o r B withAorB

c) B - B

can occur. The product is 3-dimensionally, "infinitely" 

cross-1 inked .

J
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2) an infinite number of stereoisomers can occur.

For A k 0 \-CH = CH - X and B C <f 0 CH = CH - Y ,

a plurality of stereoisomers exist for each cyclobutane

formation (cross-linking):

t «ί *
5 As a result of the various combinations under 1),

an infinite number of different conformations for the 

product are produced.

In carrying out the reactions, known processes 

for epoxide conversion or condensation reactions, are

10 used, such as those described, for example, by D, Braun 

"Praktikum der Makromolekularen Chemie", published by 

Huthig and Wepf.

The product in accordance with the invention can be 

processed as a film by compression/lamination,

15 preferably in the temperature range of from 40 to 20Q°C, 

with or without metallic intermediate layers, 

particularly of copper or copper alloys, or as a solute 

in a suitable solvent for coating substrates, in 

particular metal foils or sheets, by lacquering, spraying

20 or dipping, and/or with further additives which serve as

ί
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photo-initiators or stabilisers (with as photo-initiator 

for cinnamates, in particular, Michlers ketone, and. for 

acrylates, for example, benzoin derivatives in

concentrations of about 1 to 5%; and with stabilisers,

5 for example, hydroquinone, in concentrations of about

0.1 to O.55S).

The use of the polymer system in accordance with 

the invention to produce a multi-layer wiring will now 

be described with reference to an exemplary embodiment,

10 and to the drawing, in which Figures 1 and 2 are similar 

schematic side sectional views to illustrate two stages 

in the production of a printed circuit. As a result of 

the properties of the polymer material, a new structure 

is obtained for the insulating carrier provided with

15 electrical conductor paths and electrical through-

contacts.

Referring to Figure 1, a copper foil 1 is used as 

carrier, on to which a layer 2 of the photo-cross­

linkable insulating material according to the invention

20 is applied, after the addition of, for example, Michlers 
at or,

ketone as photo-initV by dipping or spray-lacquering, 

in a layer thickness of, for example, 5 to 20 pm. The 

layer 2 is preferably exposed to UV-radiation and 

developed in such a way as to form the through-contacts

25 which are to be produced within it, i.e. the terminal 

points of the chips, as openings 3 in the insulating 

layer 2. The irradiation is effected by a contact or

f



projection process using a mask (not shown) which covers 

the region of the openings 3 in the layer 2 (when using 

a negative lacquer). The covered parts 3 are then 

dissolved away using an appropriate solvent, such as, 

for example, a chlorofluorohydrocarbon, for example,

Freon (Registered Trade Mark) marketed by the Dupont 

Company, or Fluorinert (Registered Trade Mark) by the 

3M Company), whereas in the case of the exposed parts 13 

of the layer 2, a chemical cross-linking has taken place 

under the action of the radiation which prevents 

dissolution, so that these parts 13 remain as an 

insulating layer. After the production of the openings 3 

for the through-contacts assigned to this first 

insulating layer 2 (13), the openings 3 are filled in 

association with the copper foil 1 which serves as 

carrier by metal plating using an electrically highly 

conductive material, for example copper (23 in Figure 2).

Referring now to Figure 2, a further layer 4 of the 

photo-cross-linkable insulating material in accordance 

with the invention is then applied to the insulating 

layer 13 which contains the through-contacts 23, in the 

same way as described with reference to Figure 1, into 

which layer conductor paths 5 and further through-contacts 

are introduced. The exposure and development of the 

layer 4 likewise takes place as described with reference 

to Figure 1. In addition to the openings 6 for the 

through-contacts 3 of the first insulating layer 2 (13),
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trench-shaped recesses 5 for the desired conductor 

paths are also produced in the second insulating layer 4, 

which recesses 5 are so arranged that at least one 

through-contact 23 of the first insulating layer 2 (13)

5 projects into a recess 5. For the formation of the 

conductor paths, recesses 5 are provided with a 

metallisation by electroplating. Further through- 

contacts and conductor paths can then be applied by 

corresponding repetition of the above-described

10 production steps. Between the formation of the

individual layers, the arrangements are subjected to a 

drying and/or thermal curing process in the range 

from 40 to 15O°C.

The novel wiring structures produced using the

15 polymer system of the invention require no copper

intermediate layers. The required high thermal loading 

stability is achieved by the polymer system itself; 

processing using known resist techniques is problem- 

free. This simplifies not only the production of such

20 structures but also reliability in respect of electrical

data. ·

For this reason, and also because of the very low 

dielectric constant and the good resolution, the polymer 

system in accordance with the invention is particularly

25 suitable for use as a high-temperature-resis tant negative 

resist for the production of integrated semiconductor 

circuits in VLSI-technology in which the production of

K
//



15

‘ 'L«'S

' :1 4
' i

j ’ dimensionally accurate microstructures and patterns is

jj . of great significance. The exposure time is comparable

with that of other lacquer systems which can be used in 

this field. Further details can be obtained from the

5 article by C. D. Eisenbach in the Journal "Die Angewandte 

Makromalekulare Chemie" 109/110 (1982) on pages 101 to

112.
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The claims defining the invention are as follows:

1. A process for the production of a multi-layered wiring laminate using 

a polymer system comprising an irradiation cross-linkable thermostable 

polymer for use in the manufacture of multi-layer wiring systems having a

5 reaction product of a fluorinated linear oligomer having at least two 

reactive end groups per polymer molecule with radiation-sensitive 

substances, the process comprising the steps of
a) coating a metal foil, preferably of copper, with a layer of said 

polymer system;
10 b) producing a desired wiring structure by exposing said layer to light 

through a suitable mask and dissolving away the unexposed parts of 

the polymer layer;
c) reinforcing exposed metal by electroplating; and
d) in the same way producng further wiring layers by coating,

15 structuring and electroplating.
2. A process as claimed in claim 1, wherein in step b. irradiation with 

UV-light is effected using a mask in a contact or projection process.
4

3. A process as claimed in claim 1, or claim 2, wherein a halogenated

• hydrocarbon, preferably a chlorofluorohydrocarbon, is used as solvent for
i
T20 said polymer layer.

4. A process as claimed in one of claims 1 to 3, wherein, prior to the 
formation of a following layer, an intermediate drying and/or annealing 
step is carried out in the temperature range of from 40 to 150°C.

5·." -A-proee-s-s-of·prodtfe+Rg-"an= -Tn-tegr-ateti-SOmicondu-e-t-or—c-fr-euit in t-he
25 ¥b6i--tectirrique, wher-ei n=a -po-l-yme-r^s-ysTeffl-=-iY^used"-a--S"=a^ne-gat-we photo^re=sys=t. 

βί.5, a process of producing a multi-layer printed circuit using a polymer 

system said process substantially as hereinbefore described with reference 

to the drawings.

30 DATED this TWENTY FOURTH day of NOVEMBER 1989
Siemens Aktiengesel1schaft

Patent Attorneys for the Applicants 
SPRUSON & FERGUSON
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