Descrlptlon The invention relates to polyneric |ayers having optically
non-1tnedr or anisotropic properties in selected surface areas of arbitrary
shape, such areas being defined relative to other regions of the |ayer
havi ng centro-symretrical or isotropic structure or having different
optically non-linear or anisotropic properties. The invention also rel ates
to processespkg@crigt§orr oduction of such layers and their use as optical
conmponents. |t is 'known that, organlc and polynerlc materials with |arge
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' 'Thin films of organic or polymeric materials havmg
considerable non-linearity of the second order have a great
potential for use in the areas of optical communication, laser

. technology, electro-optics etc.

it is particularly significant that the non-linearity of these
materials is due to the polarisability of the n-electron system
- and hot to the shift or reorientation of atoms or molecules.
Components having ultra-short response times can therefore be
realised with these materials.

This field has been the subject of intensive research for
many years and is documented for example, in the following
publications:

ACS Symposium Series 233, Washington D.C. 1983

Proceedings of SPIE Vol. 682 1986 Molecular and Polymeric
Optoelectronic Materials: Fundamentals and Applications

Proceedings of SPIE Vol. 824 1987 Advances in Nonlinear
Polymers and Inorganic Crystals, Liquid Crystals, and Laser Media

Proceedings of SPIE Vol. 1105 1989 Materials for Optical
Switches, Isolators, and Limiters



Propertles of Organl c Materials 2 NATO ASI Series E: Applied Sciences Vol.
162 1989 ‘Nonl i near Optical Effects in Organic Polyners Springer Proceedings
i n Physics 36 1989 Nonlinear Optics OP Organi cs and Sem conductors
Particularly inportant for these applfcations are side-chain polyners and
liquid crystalline side-chain polynmers doped with nlo-chronophores or

having nio mol ecu'p'-fa #%?@Pﬂ? vforﬁ&ﬁ REPNEHediGpiitager i ption,
e termsi S Co- o nmers and honool yners
I's known tha r§§% Q%?y i‘lﬂsﬁgb’gf} S o N

atives of this class of materi al

can be given a dipolar orientation heati ng above the gl ass tenperature
n @ high electri NATQ ASdnJeries &: m&@ph@d §mence%d(¢lo§;ﬁ%@939ca| order by

cooI I 'ng bel oMdarimerraOpticaipEifetts anT@rganihePelyawdnsi c fiel d, Frozen pol ed
gl asses of this kind represent nlo materials with high [err] susceptibility

(K. D. Singer et @prl ?J Prgeéédmpgt in 49h¥§18§6é6 {9 SNBPﬁhﬁé?‘cd) tigQ the

techni cal utilisation S he™ i nadequat e Tong- erm
stability of O'h Q?B@I ?ngr g,mxcpp Hﬁ Been found that relaxation occurs

even bel ow the glass tenperature of the polyner system and destroys the
i npressed non- centRardicutatlyi mpogantctar ¢heSeerppiicatioasi are sideichgiies for

i ncreasi ng stylyidry ahdt liquitl oy atalindesidurchaii fpdigiiers abplede with yer .
?LQC& ;22 {g'rﬂé rﬁb %@%eéﬁﬁ%wﬁ%d)"ﬁléq\g%lé&d s! 8T 'élgalﬁbStWethh‘;e;?m ,
possi bl e gl a?gﬁbg ?’;t a\%V%FﬁS ergtf ‘?’Fﬁ % hZa ¥b réﬁt%
instead of | iRGk COARPYMYyS AN ehf’@?oq Hlfrlserr#dﬁd PRWHe that le
nl.oSpoOl yner s sﬂ%tesbéapmwtatsue@yofuéhwsgclass &ir sadprial @anniben giverral (2 -
4) reactive lipeldrt odensation dnt hemtiogo ebdvienkhegglasst tempesatuegomi @e system o
(M Eich J. Angh. dteygic Gf@eld?’%li re?3i%ing |ﬂ1'ﬁsh‘?ﬁﬁ1 eBAoEgmichacal
SLSSfeLLPi‘L”anH%M'%Wg} flathe, Sﬁf %‘”f"%? 4‘“%‘"‘5& o, B orBelde 2 f1 €l ¢
REETRERY o i S b e RN N

chemical |y fiwid. highex npuecemublbtye&stDpé?tmgehuatgabfAﬂpb Bbysvéepol yner
networks in cp@pli@gsyonponents is of fundamental inportance to

A basis obstacle to the technical utilisation of these
materials is the inadequate long-term stability of the dipolar
order. It has been found that relaxation occurs even below the
glass temperature of the polymer system and destroys the
impressed non-centrosymmetrical structure. -

- There are various strategies for increasing stability of the

\oé dipolar order by modification of the polymer. Since the relax-
ation processes slow down with increasing distance from the
glass temperature, one way is to select polymers having the
highest possible glass temperature. Another method is to use
polymer networks instead of linear polymers.

Much better long-term and temperature-stable nlo polymers
have been obtained by using nlo chromophores with several (2 - 4)
reactive substituents to act as cross-linking units in an epoxide
system (M. Eich J. Appl. Phys. 66, 3241, 1989). In these epoxides,
the cross-linking reaction takes place under the influence of an
electric field and results in a partially dipolar-oriented network,
which is retained after the field has been switched off, since the
dipolar order is chemically fixed.

The simple and precise patterning of nlo-active polymer
networks in complex components is of fundamental importance to



3 their technical use. Since, in previously known processes, the
cross-linking was initiated thermally, it covers the entire |ayer and
cannot thus be restricted to selected3part|al areas. Patterning is possible
only by the application of structured™poling el ectrodes. However, this is
acconpani ed by a nunber of dlsadvantages Unavoi dabl e electric stray fields
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~ This is achieved in accordance with the invention in that

the polymeric material referred to in the preamble has optically

non-linear and/or mesogenic side chains and selective surface

areas of the material being cross-linked by the action of light,

whereby the side chains in the areas having optically non-linear

“or anisotropic properties are orientated under the influence of a

electric DC field during cross-linking.

Aot - According to another aspect of the invention, the polymeric
layer is characterized in that the transition between the
optically different areas is limited to less than 10 um,
preferably to less than 1 um.

The production of such layers according to the invention is
characterized by the follbwing steps: Application of a layer of a
polymeric material having photo-cross-linkable side chains to a
support, application of an electric field, irradiation of the layer
areas to be for cross-linked with light of a wavelength which
brings about cross-linking.

~ The process according to the invention is thus based on
producing nlo films which are stable thermally as well as with
respect to time by photo-initiated cross-linking of suitable
copolymers under the influence of a high electric DC field.



produ0|ng nlo filnms which are stable thermally as well as with respect to
timé by photo-initiated cross-1inking of suitable copolymers under the

i nfluence of a high electric DC fi el 4 Under these conditions poling
and cross-1linking are independent. Poling takes place where the electric
field,operates; crossing-linking takes place where irradiation is applied.
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The preparation temperature can in principle be freely
selected since the photo-initiation is temperature-independent
(in contrast to thermal initiation). This is important in respect
of the use of temperature-sensitive nlo chromophores, increasing
the order number by reducing the temperature, reducing the ion
conductivity by temperature reduction and adjustment of the
wscosuty

| ~ The fixed nlo-active areas are defined by irradiation. No
S structure-determining electrodes are required. '

Different areas of a film can be cross-linked successively.
This allows great freedom in respect of the construction of
complex components. :

Cross-linked and non-cross-linked areas can be produced
selectively; the non-cross-linked areas can be removed by
solvents and replaced by other materials without disturbing the
cross-linked area (strip waveguides, cladding).

By adding small quantities of inhibitor molecules it is
possible to produce sharp boundaries between cross-linked and
non-cross-linked areas. Initiator radicals which diffuse into the
non-irradiated area are deactivated by the inhibitor.



By adding.small quantities of inhibitor nolecules it is possible to produce
sharp- boundari es between cross-I|inked and non-cross-I|inked areas.

Initiator radicals which diffuse into_the non-irradiated area are
deactivated by the inhibitor. 5 1t9i s possible to expand the preparative
and application possibilities by use of I|qU|d crystalllne si de-chain
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be descri bed9PdiGRv wi th reference to the acconpanyi ng drawi ngs i n which:
Fig. 1 is an |IIustrat|on of the principle of cross-1linking of :
' In particular, it is possible optically to -write into the nlo
material the coupling and decoupling grating for an nlo waveguide.

In addition to the previously described amorphous
copolymers which have nlo-active and inactive side chains as
well as the liquid crystalline co-polymers, the same structural
-and’ processing principle can also be applied to homopolymers,
oligomers and monomers having a plurality of cross-linkable
branches. '

The object of the non nlo-active co-monomers is to
influence secondary properties of the material, such as e.g. -
optical density, refractive index, hardness, brittleness, shrinkage
on cross-linking, glass temperature, viscosity, etc.

Exemplified embodiments of the invention will be described
below with reference to .the accompanying drawings in which:

Fig. 1 is an illustration of the pnncnple of cross-linking of
‘selected surface areas. '

Fig. 2 is a diagram showing an apparatus for producing an
optically non-linear layer between electrode-coated glass plates.

Fig. 3 is a diagrem showing an apparatus for the production
of an optically non-linear layer on a substrate coated with a
conducting layer.



sel ected, surface areas. Fig. 2 is a diagramshow ng an apparatus for
praduci ng an optically non-linear |ayer between el ectrode-coated gl ass
plates. Fig. 3 is a diagram show ng gph apparatus for the production of an
optically non-linear |ayer on a substrate coated with a conducting | ayer.
6 Fig:; 4 is a diagramillustrating a wavegui de elenment. Fig. 1 shows the
principle of the area-specific or structured cross-linking of a polyneric
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field by the application of a veltage to the electrodes 4, 5,. Depending on
the voltage and dTRkegéll i€ edNporstd ¥Ya Parklel Bl iGHl light 61 i Bessi bl.e, for
ey o gAY e, o AR TETRG" # Hiehrh il W 4itac i1 e
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in the areasSWHCRBAhfE after “cross-linking, the dipolar orientation is
retained only in the cross-linked areas. The material that is not
cross-linked in the other areas can be removed by a suitable
solvent. Alternatively, after removal of the -mask 7 the material
. can also be cross-linked without an applied voltage to give a
_ fixed centrosymmetrical structure there. '

If the polymeric material 1 is liquid crystalline, it is .
axially oriented by known method in the electric field by the
application of a voltage to the electrodes 4, 5,. Depending on the

\ voltage. and dielectric aniostropy of the material, it is possible,
for example, first to produce a homeotropic structure in the
liquid crystalline polymeric material and to cross-link this in
selective surface areas by means of the mask 7. The polymeric
layer can then, for example, be removed in the areas which have
not been cross-linked. Alternatively, cross-linking of the
remaining areas can be effected with a different, for example
planar, structure.

The principle -shown in Fig. 1 can be performed with the
apparatus shown in Fig. 2.

The material 1 intended for the production of an optically
non-linear polymeric layer having a structured surface area is
located in a cell 10 similar to that shown in Fig. 1. The cell
consists of electrode-coated glass plates 11 additionally
provided with an outer heating layer 12.



not .been cross-linked. Alternatively, cross-linking of the remaining areas
can.'be effected with a different, for exanple planar, structure. The
principle shown in Fig. 1 can be perfgrmed with the apparatus shown in Fig.
2. The material 1 intended for the production of an optically non-Iinear

pol ymeric |ayer having a structured surface area is located in a cell 10
simlar to that shown in Fig. 1. The cell conS|sts of el ectrode-coated
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for the contg Sﬁ dalighgvol tage. The voltage applied to the polyneric
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high voltage. . The voltage applied to the polymeric layer is
selected such that the resuiting current does not exceed a
preselected value. :

The heating layers 12 of the cell are connnected to a
temperature monitoring device 47. A temperature sensor 24
which gives the actual temperature is provided on the cell. The
set-value for the temperature control is also delivered by the
computer 45.

The procedure for making an optically non-linear layer is as
\ follows.

Polymeric material having photo-cross-linkable side
chains, some of which have nlo groups, is mixed with a small
quantity (5% concentration) of photo initiator {e.g. by dissolution
in a common solvent and subsequent evaporation of the solvent).
The dried material is then pressed, above the glass temperature

- Tg, between glass plates coated with transparent electrodes, the
layer thickness being defined by spacers. Alternatively, the
material can be sucked into prefabricated cells.

The temperature of the layer is reduced so that a high
electric field (1MV/cm) can be applied between the electrodes
without high ion currents destroying the sample. The poling field
induces a dipolar orientation of the nlo groups which possess a
permanent dipole moment and hence eliminates the centro-
symmetry of the original isotropic material.



Pol yneri c .material having photo-cross-I|inkable side chains, sonme of which
have nlo’ groups Is mxed with a small quantity (5% concentration) of photo
initiator (e.g. by dissolution in a cgmmn sol vent and subsequent
evaporation of the solvent). The dried material is then pressed, above the
gl ass’itenperature Tg, between glass plates coated with transparent

el ectrodes, the | ayer thickness being defined by spacers. Alternatively,

the material can RF tﬁﬁcggﬁ‘ Qrﬁeprtﬁgamyjecra seqlr S %tm J{@ m)eéfataure of the
| d fiel'd / b d

bet ween' t ho SHIARIRONAVIPRRTL 0N TRITAS, rfwglraseec HPhne Gt o e
pol{ng fiel dthendi]ﬂkégnﬁedpbdlhﬁr ecbeq:*ém étﬂldnthﬂ gssinking o[ﬁﬁ# I%hilBhapossess
a pefr manent oopaentrasymmetricdlenedwelrk.ni nbhiss is hdireetht rabseyyainde r pyof t he

original i sofeaButingether SHG. 8 At the sane time, the layer is irradiated
with [ight of a suitable wavelength to initiate the cross-linking reaction.

Under the influe cirj Cross-l. |ts jn a
non-centrol s nfﬁg Fr‘%{é v{ﬁl‘ﬁ\ ;‘EE 2'0538%?@% g’ﬁ‘é'@ﬁé&%géﬁ%% ring
the SHG Thelh® @ass iterRRRyature.@ g ERAIST ameeagre of t he
gl ass tenperttaira higheneveitags he@meacpemnssdyest diee madmumt valtaggher

vol t age becoused depersds Wre thdheremdowm strdrigtbeot sieel mtpavedic on t he
breakdown st pRpg#iAl %fnd F@ ailngHFé' 56dEhBId. 2! Aénﬁ'oéﬁ éﬁ %ﬁ.spheaﬁmlﬁﬁt able. As
Thoreased. © SEO sghias) @'?% dgheld, e £B1( nx; 'bﬁﬁﬂ%wm ps a
result of th q@’aﬂf‘ n nggkéeg %"Eﬁ‘?éaﬁg&cf) et@ et ure t olyneric
mat 84 al  r ent@SHt Qf %l@ﬂF@UQHﬁ)l'ﬂﬁf%ﬁﬁQ HEt theareaches- temre urréa € on can
be pushed topalyfmghcda@ateelabf remains $ufiiciently Amobilearsoadbgtiatne y hi gh

tenperature bﬂ%sbmangea@é@tcbn Wb bd ipiished Basa atlyil 0 ofUstbosan extent .
that a stablg %Tcentrosymretrlcal ‘network has fornmed and is retained
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duced bst r
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cross-linking has advanced to such an extent that a stable non-
centrosymmetrical network has formed and is retained when the
electric field is switched off.

An optically non-linear layer 25 is produced on a substrate
26 having an electrode layer as follows using the apparatus :
shown in Fig. 3.

Polymeric. material having photo-cross-linkable side

\_ chains, some of which have nlo groups with a permanent dipole
moment, is dissolved with a small quantity of photoinitiator in a
suitable solvent. The concentration of the solution is adjusted
such that its viscosity is suitable for spin layer. The solution is
centrifuged in a spin coating apparatus on a support 26 coated
with an electrode so as to form a homogeneous layer of 0.5 -
5 um thickness. The film is then dried on a heat bench and
preferably tempered to reduce the free volume.

~ In the corona poling apparatus shown in Fig. 3, the poly-
meric layer is poled in an inert gas atmosphere on a cooling/
-heating plate 27. The corona poling apparatus is known per se. |t
comprises a housing 28, the inside of which contains a heating
table 27 on which the substrate 26 provided with the polymeric
layer 25 is placed. A rotating high-voltage device 29 is disposed
above the heating table and has downwardly projecting points 30



26 having an electrode |ayer as follows using the apparatus shown in Fig.
3. Pdlyneric material having photo-cross-Iinkable side chains, some of
whi'ch have nlo groups with a per manery di pole nonment, is dissolved with a
smal |l quantity of photoinitiator in a suitable solvent. The concentration
of the solution is adjusted such that its viscosity is suitable for spin
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in addmon to the use of photo masks it is possible to use.
holographic processes. :

As already partly stated,- different combinations are
possible in the polymeric layer according to the invention. Cross-
-linked poled areas and non-cross-linked poled areas can be
combined in order to produce strip waveguides. In the cross-
, linked area the material is insoluble and in the non-cross-linked
o area it is soluble. The non-cross-linked material can be removed
' by means of a solvent. The free areas are covered with other
polymeric material in the . next operation (buffer coatings,
cladding).

Alternatively, it is possible to combine cross-linked poled
areas and cross-linked non-poled areas, e.g. for the production of
frequency-doubler waveguides. In the first operation, strips of a
width of the coherence length separated from non-cross-linked
strips of the same width are cross-linked in the electric field by
means of a-grating mask in the path of the rays. After the
electric field has been switched off, the non-cross-linked strips
relax into the isotropic (non x(2)-active) state.

In the second ‘operation the screen is removed so that the
entire sample is cross-linked. A film forms which consists
periodically of x(2)-active and inactive areas, the width of which



i n shaded, areas. In addition to the use of photo masks it is possible to
use, holographlc processes. As already partly stated, different conbinations
are possible in the polyneric |ayer ﬁﬁcordlng to the invention. Cross-

| i nked pol ed areas and non-cross-|inked pol ed areas can be conbined in
order’ito produce strip waveguides. In the cross- linked area the materi al
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coating 34. The waveguide element consists of a pair of parallel

“spaced glass plates 38, 39 coated with ITO éelectrodes 40 and 41.
They have buffer coatings 42, 43 in- addition. The liquid
~ crystalline. polymeric coating 34 is contained between them. The
buffer coatings have a refractive index below that of the polymer.
‘Light is coupled into the waveguide via a phase grating .35, 36
‘which is optically written into the polymer in accordance with
the process described below. - In the middle part 37 of the
element, the coupled light traverses a y(2)-active zone which is
- produced by poling and cross-linking and in which- the x(2)-
process (SHG or Pockel's effect etc) takes place.

The following process steps are carried out for the
production. The liquid crystalline material in the meseophase
with Ae>0 is given homeotropic orientation in the electric
alternating field. - In the "zones 35 and 36 the photo-cross-
linkable material is irradiated with ultraviolet light to form a
strip pattern of suitable periodicity (e.g. by two-beam

interference). Cross-linking takes place m the region of the
exposed strips.

The polymeric layer is then heated to a temperature >T¢, so
that it becomes isotropic except for the already cross-linked
homeotropic strips. The areas 35 and 36 are irradiated uniformly

~ with UV light through a mask so that the cross-linking taking



The strip width (= coherence length) is so selected that the second

har iohi c*produced is anplified with phase matching over the entire sanple

| engt h (quasi phase-matching). The refractive index of neighbouring strips
Is identical. The wavegui de el ement Rown in Fi g. 4 uses the anioso- tropic
and the nlo properties of a liquid crystalline nlo polyneric coating 34.
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that the coating becones [err]-active in this part. At the sane tine the
Pulsed excitation is particularly advantageous. Since
cross-linking continues after excitation has been terminated, the
photo-loading of the sample can. be drastically reduced. Suitable
light sources are flashlamps Xe, D2, pulsed lasers Na, excimer
lasers Nd:YAG 3rd harmonic. :

A number of known polymers with photo-cross-linkable side
chains are suitable for the production of the layers according to
the invention. For example the -following typical substances are

NS advantageously used. .

An amorphous nlo polymer having photo-cross-linkable side’
chains has the following structural formula:



sanpl g ig.irradiated with U light so that cross-linking occurs in area 37
as well and the di polar orientation is fixed. Suitable irradiation sources
are lanps which emit in the range of {gbsorption of the photoinitiator. Care
nmust be taken to ensure that the spectral range of the chronophore
absorption is not affected. Since conventional initiators are sensitive in

the range between 200 and 4QQ n cold-light sourdes are suitable, such as
Hg, [err], Xe lanps, and alg —h;%€E#H+4ﬁHﬁ¥¥—ﬁﬂﬁ+%ﬂ%m%;%aWp and.filter

conbi nati ons, and al so | aser [syst'ens such as dye ‘liaset’s, exciner |asers, N2
| asers, Nd: YAG 3rd har moni c. | sed excitation is particularly
advq/;ageous Since cross-linking continues after gxcitation has been
term nated, the photo-I|oadi ngg’of the sanple can bedrastically reduced.

Sui t abl e Ilght sources are flgaghl alffls Xe, D2, pul sgd | asers N2, excimer

| asers Nd: YAG 3rd harnonic. A nd
phot o- cross-1|i nkabl e side chains

| ayers according to the inventions

§e production of the
ol | owi ng typica
pol ynmer havi ng

phot o- cross-1i nkabl e side chains haxthe follow ngf structural formula: 1
2 [ERR] A'liquid crystalline polyner {w th photo- -linkabl e side chains
has the follow ng structural fornul,nn [ ERR] CN 3 Conventi ona

commercial initiators are e.g. phe derivatives rocur, Irgacure,
isopropylthioxantones/H donor conbi™ ons (N-met hil di et hanol am nes). The
abs rption of the initiator nust lie outS|de the chrpnophore absorpti on.

/L /\J\

A liquid crystallme polymer with photo-cross- llnkable side
chains has the followmg structural formula

O~
-O-
O



selecting the initiator care nust be taken to ensure that the nlo
chronﬁphOre does not act as a triplet quencher of the excited initiator and
hence prevent the formation of radlcqﬁg Clainms 1. A polyneric |ayer (1)
havi ng optically non-linear or anisotropic properties in selected surface
areas (8) of arbltrary shape, such areas being deflned relative to ot her
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When the areas having optically non-linear or amsotroplc propertles
‘ being orientated during cross- linking under the influence of one
or more of the orientating forces of an electric field, a magnetic
field, wall-orientation forces or shearing forces: '

2. A polymeric Iayef according to claim 1, characterized
in that the transition between the optically different areas is
limited to less than 10 um, preferably to less than 1um.

3. A polymeric. layer according to -any one of claims 1-2,
U characterized in that the defined areas form a pattern.

4. A polymeric cbating according to any one of claims 1-
3, characterized in that the defined areas consist of a cross-
linked polymer.

5. A polymeric coating according to any one of claims 1-
4, characterized in that the surfaces having 'a centrosymmetrical
structure are non-cross-linked.

6. A polymerlc layer accordmg to- any one of clalms 1-5,
characterized in that the polymer is a liquid crystalline side-
chain polymer. :

7. A polymeric layer according to any one of the
precedmg claims, characterized in that the photoinitiated cross-
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' the areas having optically non- -linear - or anisotropic properties

being orientated during cross-linking under the influence of one

or more of the orientating forces of an electric field, a magnetic

field, wall-orientation forces or shearing forces:

2. ' A polymeric layer according to claim 1, characterized
in that the transition between the optically different areas is
limited to less than 10 um, preferably to less than 1um.

3. A polymeric. layer according to any one of claims 1-2,
:) characterized in that the defined areas form a pattern.

4, A polymeric éoaﬁng according to any one of claims 1-
3, characterized in that the defined areas consist of a cross- -
linked polymer.

5. A polymeric coating according to any one of claims 1-
4, characterized in that the surfaces having a centrosymmetrical
structure are non-cross-linked.

6. A polymeric layer according to any one of claims 1-5,
characterized in that the polymer is a liquid crystalline side=—"
chain polymer.

7. A polymeric layer according to any one of the
preceding claims, characterized in that the photoinitiated cross-



characterized in that the photoinitiated cross-Iinking of the side chai
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process accdégltipatives:! ai m 10, char acterized in that the layer is cooled at
t he begi nning of irradiation. A process accordl ng to claim12,
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10. A process for the production of a layer having
_ optically non-linear or anisotropic properties in accordance with
Y . any one of claims 1-9, characterized by the application of a layer
: of a polymeric material having photo-cross-linkable optically
non-linear and/or mesogenic side chains to a ‘support, application
of an electric field and irradiation of a layer with light of a
wavelength which causes cross-linking.

_ 11. A process accordmg to claim 10, characterized in that
for two-dimensional structurmg of the coating the lrradlatlon is
restricted to partial areas. of the layer.

12. A process accordlng to claim 10, characterized in that
the layer is cooled at the. begmmng of irradiation.

| 13. A process accordmg to claim 12, characterized in that
the temperature in continuously increased during irradiation.

14. A process according to any one of claims 10-13,
characterized in that homopolymers, oligomers or monomers are
used as starting material.



