Nanostructure Die, Embossing Roll, Device and Method for Continuous Embossing of Nanostructures
Specification This invention relates to a nanostructure die for embossing of an embossing roll as
claimed in Claim 1, an embossing roll for continuous embossing of nanostructures as claimed in Claim
4, a device for producing an embossing roll for continuous embossing of nanostructures as claimed in
Claim 7, a method for producing a nanostructure die for producing an embossing roll as claimed in
Claim 11, and a method for producing an embossing roll for continuous embossing of nanostructures

as claimed in Claim 14, Moreover thls |nvent|on relates to a method for producing an embossing
substrate which has nai o4 18 BellPegee ““‘?MF@‘H% {flopment of mass
production technologies of nan %Wﬁ?% ﬁ?&%‘g BRHTRGMEctor structures for large area
applications such as for example foils or films, there is a demand for functioning roll-to-roll machines
which are able to emboss continuous nanostructured and/or semiconductor structures via rolling onto
a track or a long worlcpiece. Major problemg E?P[@% :fere, especially in an application for imprint
lithography; this has not been satisfactorily resolved to date. In particular, one problem is to
produce continuous patterns in the submicron or nanometer range. It can be easily imagined that as
the embossing structures become smaller and smaller the technical problems increase in the

implementationtef igoatiousapplicatinalean ARONS SYRIaGE: e R hossidBIPReEEREhis invention
is therefore to devise a nanostructure die and an embossing roll and method and device for producing
them, wiitiClatnich eoatibooig; eolifossingrobnanasissiaité sasostructures as claimed in Claim 4, a
device for producing an embossing roll for continuous embossing of nanostructures as claimed in
Claim 7, a method for producing a nanostructure die for producing an embossing roll as claimed i%z
Claim 11, and a method for producing an embossing roll for continuous embossing of
nanostructures as claimed in Claim 14. Moreover this invention relates to a method for producing
an embossing substrate which has nanostructures as claimed in Claim 18.
In the development of mass production technologies of nanostructured surfaces and
semiconductor structures for large area applications such as for example foils or films, there is a
demand for functioning roll-to-roll machines which are able to emboss continuous nanostructured
and/or semiconductor structures via rolling onto a track or a long workpiece. Major problems
prevail here, especially in an application for imprint lithography; this has not been satisfactorily
resaived to date.
In particular, one problem is to prodﬁce continuous patierns in the submicron or nanometer
range. It can be easily imagined that as the embossing structures become smaller and smaller the
technical problems increase in the implementation of continuous application to an above average
degree.
The object of this invention is therefore to devise a nanostructure die and an embossing roll

and method and device for producing them, with which continuous embossing of nanostructures is



possible even for very small dimensions of the nanostructures, especially relative to the size or to the
diameter of the embossing roll, and reliable and reproducible results can be achieved. The diameters
of current embossing rolls are known to one skilled in the art. The embodiment as claimed in the
invention is in any case suitable for any diameter. This object is achieved with the features of
Claims 1, 4, 7, 11, 14 and 18. Advantageous developments of the invention are given in the dependent
claims. All combinations of at least two of the features given in the specification, the claims and/or the
figures also fall within the framework of the invention. At the given value ranges values which lie within
the indigatsthlirits: dvealyortaibdinomsiderd dhdisclogndand, eirielyirtanyecomhbinatians  The
invention is based on the idea of applying an embossing structure which is to be applied to the
embossitgydiamereres beegmbossingiodaarobiesls sudrepned:khblerisudieamlbsschivtedshrg on the entire
periphery. To do this, as claimed in the invention a novel nanostructure die is disclosed which is
suitable¥éms e aHRbyabepivscels are Sraums appRrifadisehtiag Jheemhedsnetiesperiphery of the
embos %ﬁlfgo& It is also canceivable as claimed in the invention to apply the structure along one
6% B

axis of r BOE SR BB RIS Hiabedpr aRuiaBeist process. It is of special importance as
claimed in the.jgvention 1o produce a seamless microstructure or nanostructure with embossing in
several steps ;fgu ﬁfé ?ﬁelsear%kﬁ%\fses!%%?zﬁ’fai egfﬁ??a%?@?‘mﬁﬁcd%g gtloé §§3:¢1;§1 ﬁé‘ﬁ%ﬁ%‘f@ﬁed to the

wokoiegs ARG 1 INESANG SWBFIHe ASRETROSSTG pEdc e of g endlessly o
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continuously, erefore Yy a plura com revolutions. The hi Y symmeatrlca ancc)i translational

repetitionsiathe RS MBIEBEARAR ARV 1% S ARARILS BRI AIRCRSS makes it possible
to generate materials with unique surface properties, especially with periodically repeating structures.

Use is eppasialiy sdvamageusAbiielisidahontics. ianexameleindbeimrintiogahglass plates.

Symmetry in optics is of very great importance, especially when the desired optical effects can be

achievegtadlio gréatesispieeisil by digh bsymmeticabsbuctises. Seamless means that within the
tolerances of the step-and-repeat process on the entire periphery homogenous structures are
embossed, espbeialiytisoinhathe dnahsitenbtthyiastreenthossing stepuiovhelfirsioarnhasking step of
peripheral embossing of the embossing roll. Therefore an independent invention is a nanostructure
die withta sressiasible whrisabese et prahpsrestarddigictisueicesfoleseamiisssiembbssing of at
least one peripheral ring of a jacket surface of an embossing roll in the step-and-repeat process. The
die surfSE&FOPIHENENS IR titaiReh i ths dr Rl i they sharetstuptasatisfisisensbdssing roll so that
the entire jacket surface of an embossing roll can be embossed with a single nanostructure die. The

simultan8Beis Y SE R R SicRamadaRsataracats DiRttkete AvBbss B Bg FaiAbEsaberoll is likewise
Con e R iRs, A e o T oM
It is also conceivable as claimed in the invention to apply the structure along one axis of

rotation of a body of revolution in the step-and-repeat process. It is of special importance as claimed

in the invention to produce a seamless microstructure or nanostructure with embossing in several

steps so that the embossing roll in the later unwinding process can be transferred to the workpiece

(producing an embossing substrate, also embossing product) more or less endlessly or continuously,

therefore by a plurality of complete revolutions. The highly symmetrical and franslational

repetitions of the patterns which can be achieved with the step-and-repeat process makes it possible

to generate materials with unique surface properties, especially with periodically repeating



To the extent the nanostructure die has a die carrier to which a die form which encompasses the die
surface is connected, especially permanently, the handling of the nanostructure die in a corresponding
device for embossing of the embossing roll is simplified. It is especially advantageous if the die
form is produced directly by the embossing roll which is to be embossed. In this way the curvature of
the nanostructure die or of the die surface of the nanostructure die corresponds exactly to the
embossing roll which is to be embossed. According to one advantageous embodiment of the
invention, the die carrier is transparent to electromagnetic waves, especially UV light, in order to be
able to pruvidescUrint ofptvinliedormagemion diidiielé niopssin frtayemplthaternaosasing adll, which layer
is to be embossed. To the extent a radiation source for electromagnetic waves, especially a UV
source, §8$oelifesl Hritmrtydreenbessivlyyeollziespatiatynte thipdortiyoftehiblicissitsdingiéalthere is
preferably a shielding means for the electromagnetic waves in regions of the embossing roll which are
not to b&EKIs6aR 8¢ adievsd Wi breieatrsppirmhehishinmesidtel stsnptares\Sesalefsanprntective jacket
which prote%ﬁ,fall those sites v%(hich are not to be illuminated and is interrupted only on those regions

|

through WehiRHAEhE TRICTRPGEIO TR SiFE T 1R HOGFHRAHE e GRE e SRREBSSMgEERAY which can be

cured by U ires m@g{\ﬁ%ggggiegusdé{aﬁ fislan easure, of t?eﬁéir%%surﬁ%:e,of the nano?nlcture die as

claime {l:ﬂl% e invention |n-dn(§)pe nwﬁ[:%lr?goai ecﬁ%ﬁ%ﬁntﬂ SRR Wﬁ{’rg}% Btce to a _
correspglgggggncgg{éﬂ@&ﬁ%gﬁ/ﬁ&%&gﬁ?&éﬁﬁ olseéynerr%cii.b_e embossed is an integral part so that in

complete embossing o rcular peripghery of the entbossing layer in the unwinding direction of the

embossing rolggamiess ﬁﬁ&@&&@'&@&@éﬁ%ﬁ@gﬁmw%mﬁmh{f&%&se%%\/ee&%e

ing section in the
individual embossing steps as claimed in the invention, the radian measure can be ex%anded by the

overlappifgdasifucturdd AddiiRRtisRiRYidedRsSlaines Bheivanienihal the figgan be

dynamically deformed by deformation means, especially by external influence, in the micrometer

and/or narfamefen earlgrsing spieaiatly tan:he stetchecantierkommressede nandirang-embodiment of
the deformation means this is achieved by the thermal expansion of the die by heating and/or cooling.

In anothethestbadnentthpipebrhatdaalsfahe arsbdsiBgrane didlidd endhe akicttiecfiofhit is clear that the
stretching of the die can be achieved in any manner, as long as it is ensured that the embossing

structuréigsassswlee dsiymiessd avidh e therlsvhopsthetsurfac d e siostichebas decthiisethrate can be

measurement means for measuring the ratios of the die surface
nanostructire dies in the embossing of an embossing rol! is likewise conceivable as claimed in the

invention.

To the extent the nanostructure die has a die carrier to which a die form which encompasses
the die surface is connected, especially permanently, the handling of the nanostructure die in a
corresponding device for embossing of the embossing roll is simplified.

It is especially advantageous if the die form is produced directly by the embossing roll
which is 1o be embossed. In this way the curvature of the nanostructure die or of the die surface of
the nanostructure die corresponds exactly to the embossing roll which is to be embossed.

According to one advantageous embodiment of the invention, the die carrier is transparent
io electromagnetic waves, especially UV light, in order to be able to provide curing of the die form

and/or of the embossing layer of the embossing roll, which layer is to be embossed,



relative to the circular periphery of the embossing roll, especially for detection during the working
(embossing). Alternatively, the degree of deformation can be fixed by calibration, especially by an
embossing of the periphery. It is also conceivable as claimed in the invention to measure the periphery
of the embossing roll with and/or without the embossing layer on the one hand and the dimension of
the die surface on the other and then to determine the deformation, especially by computation. As
claimed in the invention especially scanning force microscopes and/or optical microscopes and/or
scanning electron microscopes are suitable as measurement methods. An independent invention
is also the emBossinex ol awhickifva sobee riop riaitioed s pewialiys withethd inalbl§'stouctyie die as claimed in
the invention for continuous embossing of nanostructures with an embossing layer which has been
applied tecaldsouijhar deaasniverngivllacimeretisiribe somwithiatheber srbngeripler sl melgroblich has been
embossed in the step-and-repeat process and formed seamlessly in the peripheral direction.
PeriodicRi§i4E8aatTy @frﬁ&é?@g‘%%iﬁwﬁﬁéﬂﬁéegwﬂfﬁmiﬂ@ SRR b The
embossing roll can be advantageously prodﬁ%ed by the jacket surface being embossed by the
nanostrGERTFEHRSREE VISR OIS SHORTRoHS s et @c%f%‘?%‘ﬁﬁ’f&&é%@%‘fﬁ%%% of revolution

is made as a cylinder, espe ial! a circular gylinder. Thus the embossing roll can be advantageously
e Do o AR e L s P 12 SR embosaing rol i

the contiaue SRAGRENY ALAALAAEINER (TPHNS, our L HSRERGSIIBRR g moreover a

device for producing an em ing r aimed in the invention for cAntinuous embossing of
nanostrygiuies.(ihas an embossing roll receiver for accommodation and controllable rotation of a
body of revolution of the embossing roll around an embossing roll axis in a working space. The control

takes place espacinthsadasy Geriial aRRlR! devicgckuthe tngkenthedavice & &lalmaedimthe invention
has a die receiver for accommodation and controllable movement of a nanostructure die especially as

claimed te thecineritionerainilugiig dinetjackatisuciabstidhel lontheskinrgesal.athecpmidiidikewise takes
place by the central control device, by controlling the embossing roll receiver and the die receiver at
least oneipelipparghsingiiteirgbossiuriper wiclkhiasdod ée inbpgsdedrindieisteqapiitee peat process
and which is made seamless at least in the peripheral direction of the jacket surface, In one
advantagjabessiegh defi sieme Piiplgexddhhenweriintdaspuinatis Yowindéhb flizesioutitschamber and can
be exposed to a vacuum so that during the production of the embossing roll an atmosphere which is
suitable q@bﬁ%@ggﬂbﬁ%ﬁ%@r@@qm%@s place. To the extent there is an overlapping section in the

individual embossing steps as claimed in the invention, the radian measure can be expanded by the
overlapping section.

In addition it is provided as claimed in the invention that the die can be dynamically
deformed by deformation means, especially by external influence, in the micrometer and/or
nanometer ranges, especially can be stretehed and/or compressed.

In one embodiment of the deformation means this is achieved by the thermal expansion of
the die by heating and/or cooling, In another embodiment, piezomaterials are used. For one skilled
in the art in the field it is clear that the stretching of the die can be achieved in any manner, as long
as it is ensured that the embossing structures pass seamlessly into one another when the surface is

closed. To do this, there can be measurement means for measuring the ratios of the die surface



According to another embodiment of the invention it is advantageously provided that there are means
for applying an embossing layer which forms the jacket surface to a body of revolution of the
embossing roll. This embodiment provides for further integration. In another advantageous
embodiment of the invention, it is provided that the device has curing means for curing of the
embossed peripheral ring especially in sections, preferably with sections which correspond especially
to a die surface of the nanostructure die and which correspond to the step-and-repeat process.
Furthermore an independent invention relates to a method for producing a nanostructure die for
producifgjaircdmibe suriprsnrhes AfifssTbetinsedintrsriskin detdsieciion JyrRaHE GG steps,
especial e following sequence: -fixing o&[ curved or curvable die negative of the nanostructure die
onpa perd T ’Sﬁé(’j&@@%?é 5%‘?%?%&%%@%%%?&“%%%&8?@8%%%able die

form mateggl to th?tgurvedhdie ne tive, moldié*@ of Iih.e dée form material on a dietﬁgrrier for forming a
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concavely curv hanostit
periphery of the embossing roll with and/or without the embossing layer on the one hand and the
dimension of the die surface on the other and then to determine the deformation, especialty by
computation. As claimed in the invention especially scanning force microscopes and/or optical
microscopes and/or scanning electron microscopes are suitable as measurement methods.

An independent invention is also the embossing rol! which has been produced especially
with the nanostructure die as claimed in the invention for continuous embossing of nanostructures
with an embossing layer which has been applied to a body of revolution with a jacket surface with
at least one peripheral ring which has been embossed in the step-and-repeat process and formed
seamlessly in the peripheral direction, Periodically repeating structures can be applied to a
workpiece with the embossing roll.

The embossing roll can be advantageously produced by the jacket surface being embossed
by the nanostructure die as claimed in the invention.

It is especially advantageous if the body of revolution is made as a cylinder, especially a
circular cylinder. Thus the embossing roll can be advantageously used both in the production of the
embossing roll and also in the functional use of the embossing roll in the continuous embossing of
nanostructures (imprints).

An independent invention is moreover a device for producing an embossing roll as claimed
in the invention for continuous embossing of nanostructures. It has an embossing roll receiver for

accommodation and controllable rotation of a body of revolution of the embossing roll around an



According to one advantageous embodiment of the invention it is provided that the peripheral section
extends over less than half, especially less than 1/3, preferably less than 1/4 of the periphery of the
jacket surface. The embossing force is applied more uniformly by these measures. To the extent
the body of revolution is a body of revolution of the embossing roll, the curvature of the die surface
corresponds exactly to the shape of the embossing roll during embossing, especially when the
thickness of the die negative corresponds roughly to the thickness of the embossing layer on the
embossin%ﬁ)rol_l. According to another independent aspect of this invention, it relates to a method

for prodtTEReS HiE B BES iy ek Tartinlhs se il PSR SR einea A eeirREfollowing steps,

especially the following sequence: receiving a bady of revolution with an_ embossing layer which has a

kot SRt PR ARG AT T PR RO B 0 AT G SR B Boseing of a

peripheggl r(gd(r)\gta\gﬁ%gp Is made seamless, in %%e eri heraH dire?tioné){nt&% lacket surJace b(}/ means of a
ie

gvemeni 01 g nanosuuciure dig espac as Ciglrne, NVeRYOn 1elalv
nanostructure eﬁ(ljnon a élle receiver in tne steppan -lyepea process. tﬁ%é‘jg rénaément of the

rerohepitsaapss mluiibingred s sicaty o abiog Lo o
Stamping:At&PBy controlling the embossing roll receiver and the die receiver at least one peripheral ring

being producible which has been embossed in the step-and-repeat process and which is made

seamless at least in the peripheral direction of the jacket surface, In one advantageous embodiment

of the device the working space 1s formed by a vacuum chamber and can be exposed to a vacuum

so that during the production of the embossing roll an atmosphere which is suitable for production

can be established.

According to another embodiment of the invention it is advantageously provided that there
are means for applying an embossing layer which forms the jacket surface to a body of revolution
of the embossing roll. This embodiment provides for further integration,

In another advantageous embodiment of the invention, it is provided that the device has
curing means for curing of the embossed peripheral ring especially in sections, preferably with
sections which correspond especially to a die surface of the nanostructure die and which correspond
to the step-and-repeat process.

Furthermore an independent invention relates to a method for producing a nanostructure die
for producing an embossing roll for continuous embossing of nanostructures with the following
steps, especially the following sequence:

- fixing of a curved or curvable die negative of the nanostructure die on a peripheral section

of one jacket surface of a body of revolution,



According to another advantageous embodiment of this invention it is provided that the stamping steps
are carried out for alignment partially overlapping on the structure which has been embossed
beforehand. In this way an alignment of the nanostructure die on previously embossed and cured
structures as claimed in the invention is conceivable so that high precision alignment takes place using
the structures which have been embossed by the different stamping steps. Because there are
several stamping steps parallel to the axis of rotation in each rotation position the embossing roll is
embossed to completion after a single complete rotation around the axis of rotation (therefore roughly
360 degrees, GPRHANR Kitridetedisdappmatrial trthasrseddisaegsitor the hardware should also
be considered as disclosed as method feature;, and vice versa. Other advantages, features and

details of the ifVEREIPENE G SrRaisyans fo B PpIDS DEPIErEhed %@ mplary embodiments

and using the draw%ll%%irt%edldrav?ngs are schematic. Figure | a shows a first embodiment of the

. . Nanes (¥ & . . . .
device as claimed in The Mvention for producing an embossing roll for continuous embossing of

nanostructures,, .., Eﬂﬁé%i%brﬁﬁﬁjéﬁi&ﬁecond embodiment of the device as claimed in the invention for
producing an emf)c%ssing roll for continuous embossing of nanostructures, Figures 2a to 2f show

one embodim@x&giﬁn%tm&mg%ewge&%%&wwme RGNS A ARRasirgture die for
producing an embossing roll for continuous embossing of nano structures,
peripheral section extends over less than half, especially less than 1/3, preferably less than 1/4 of the
periphery of the jacket surface. The embossing force is applied more uniformly by these measures.

To the extent the body of revolution is a body of revolution of the embossing roll, the
curvature of the die surface corresponds exactly to the shape of the embossing roll during
embossing, especially when the thickness of the die negative corresponds roughly to the thickness
of the embossing layer on the embossing roll.

According to another independent aspect of this invention, it relates to a method for
producing an embossing roll for continuous embossing of nanestructures with the following steps,
especially the following sequence:

- receiving a body of revolution with an embossing layer which has a jacket surface onto an
embossing roll receiver which is located in a working space,

- embessing of a peripheral ring which is made seamless in the peripheral direction of the
jacket surface by means of a nanestructure die held on a die receiver in the step-and-repeat

Process.

The arrangement of the peripheral ring agrees exactly with the axis of rotation of the body
of revolution of the embossing roll by embossing being done by rotation of the body of revolution

in several especially sequentially running stamping steps.



Figures 3a to 3g show one embodiment of a method as claimed in the invention for producing an
embossing roll for continuous embossing of nanostructures, Figure 4a shows a plan view of a
partially embossed embossing roll after a first step-andrepeat process sequence and Figure 4b
shows a plan view of an embossing roll with partially embossed structures after a second execution of
the step-and-repeat process, Figure 5 shows a sequence of the method of continuous embossing
by means of the embossing roll as claimed in the invention for producing an "endlessly" or
continuously embossed embossing substrate. In the figures advantages and features of the

invention are IA6EMEHRE i BRIRE RPERBESSHBRI IR P [dBis dRy eriéan inisowrdideddiahdembodiments of

the invention, components or features with the same or equjvalent function bein?% labeled with the
same reTaTENTE s peried oy ?i@%@%@&&)ﬁﬁ@%ﬁﬁé@eé@%ﬁﬁ@ prebeRiention to

scale, in_order to b le to represent the function of the individugl features. The relationships of the
i e e o B e S R B AT S P
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this invention or which are used for embossing of corresponding narfostructures %n%o workpieces are

:2 fgfhréaf;ke@% ﬁ%%wt@me il the Qeder o dapanide.abiiemachine components

Because there are several stamping steps paraliel to the axis of rotation in each rotation
position the embossing roll is embossed to completion after a single complete rotation around the
axis of rotation (therefore roughly 360 degrees, optionally with slight overlapping).

Features disclosed for the hardware should also be considered as disclosed as method
features and vice versa.

Other advantages, features and details of the invention are illustrated by the following
description of preferred exemplary embodiments and using the drawings; the drawings are
schematic.

Figure 1a shows a first embodiment of the device as claimed in the invention for producing
an embossing roli for continuous embossing of nanostructures,

Figure b shows a second embodiment of the device as claimed in the invention for
producing an embossing roll for continuous embossing of nanostructures,

Figures 2a to 2f show one embodiment of a method as claimed in the invention for
producing a nanostructure die for producing an embossing roll for continuous embossing of
nanostruchures,

Figures 3a to 3g show one embodiment of a method as claimed in the invention for

producing an embossing roll for continuous embossing of nanostroctures,



Figure 1 schematically shows a vacuum chamber 2 which encompasses a working space 6 which can
be exposed to a vacuum. The vacuum chamber 2 can be loaded via a sealed door or lock which is not
shown. In the working space 6 on one bottom 2b of the vacuum chamber 2 there is an embossing
roll receiver 4 for accommodation and controllable rotation of a body of revolution 5. The body of
revolution 5 is a component of an embossing roll 16 for continuous embossing of the nanostructures
14, the embossing roll 16 being produced with the device shown in Figure 1. The rotation of the body
of revolution 5 takes place around one embossing roll axis 5a which runs concentrically to the body of
revolution 5 infigeréchastofe @'nptmlai%wfmmi@brmﬁmmﬂingﬁrivimmﬁ%sef@r@x&pt@@ontrolIable
driving of the body of revolution 5 at least in one direction of rotation is assumed to be known.
Above HESBON)ES EVIEIHE. by means of a die receiver 3 a nanostructure die | can be positioned,
the die receiver, 3 for accommadation and controllable movement of the nanostructure die 1 being
movable relatVe4s Sheatkarltvie SarumressBayrvEb siutiahs cortorbsarbeasifg foll 16 at least
in one XéY nd one Z ction. The relative movement in the X and/or Y and/or Z direction can take
place bf’/ ‘r:r?ovm ecfﬁé"ﬂﬁé‘(%tﬁf@' ﬂ?g g By#ians of the die receiver 3 and/or by moving the body of
revolution 5 b e%mlllaqﬁsm roII rec? yer 4 Thu con xgl%%tr%tn deV| e is suit 4‘ e for carrying out the
step-and- repea process. ther wor s & hanostructare aie g’%\atnfe% three degrees of
translat o ree f rotational freedom
reIative%%%%%%?%%%ﬂ%ﬁ#ﬁ%%ggﬁg revol%lon S%EQS QF grg%reléog reetg%s%(?r‘] the rotation
directiop,yaung thesgsmbossing roll axis 5a, especially in addition two degrees of translational freedom
(in the X and Y direction). The degree of rotational freedom of the body of revolution 5 is provided in
order for the ady-afgevoldianado.eoniinue: r tienmeaunddRe.eonassing. Rifaxis.5a after one
embossing step or the embossing of several embossing steps. According to Figure 1, there are
moreovemshiingnvaddsiifitiefosmoediagidisnsmbe Brand) of ddiaatinpsyeiaparkatiar curing of
nanostructures 14 which have been embossed with the

features with the same or equivalent function being labeled with the same reference numbers.

The figures do not show the features as claimed in the invention to scale, in order to be able
to represent the function of the individual features. The relationships of the individual components
are in part not proportional; this can be attributed especially to the nanostructures 14 which are
shown highly enlarged. The nanostructures 14 which are embossed with this invention or which are
used for embossing of corresponding nanostructures onto workpieces are in the nanometer and/or
micrometer range, while the order of magnitude of the machine components is in the centimeter
range.

Figure 1 schematically shows a vacuum chamber 2 which encompasses a working space 6
which can be exposed to a vacuum. The vacuum chamber 2 can be loaded via a sealed door or jock
which is not shown.

In the working space 6 on one bottom 2b of the vacuum chamber 2 there is an embossing

roll receiver 4 for accommodation and controllable rotation of 2 body of revolution 5. The body of



nanostructure die 1 on the jacket surface So (see below on Figures 3a to 3g for more detailed
description). The UV source 8 and/or the heating system 12 have to be positioned relative to the
nanostructure die 1 such that the curing of the just newly produced nanostructzes 14 takes place after
a certain time interval, preferably as quickly as possible, most preferably immediately. The positioning
of the heating system 12 according to Figure la relative to the nanostructure die 1 is therefore not the
optimum, but the most obvious embodiment. In one special embodiment the UV source can also be
located within a (hollow) cylinder (body of revolution 5) according to Figure Ib. The UV source 8 can be
surrounGEe i poteetrerseiliarerhvsionig hédpsyontnsnusmbesyosedthe specially opposite or
relative to the body of revolution jn order to ensure that the UV light strikes the embossing layer 13

only in ZAEGIBIWRIHHSREBESERAEFOl! 1oprsedrodiemie pivtsdsirotmaakisuubidke die 1

according to Figures 2a tq. 2f is explained; this need be done only once especially for the production of
severalrg%%%o&(guﬁ% %ﬁ% ?L%r%‘fﬂ%@%gffr%ﬁ %ﬁ%%?@%%ggi’ﬁ& %lFssgé"!&’ﬁh B8%roduced with
one nangstru el First of all, a.die,negative 9 (negative of the nanosttucture. die 1) is formed
ona fIaE%%gg&gg gs@ggtéeté) ?g 8%%32% %rz% lf]ht}elegf?gﬁla??éu%gtra ec%g‘rmggfsrt}“seoﬁgesi‘)éj?égﬁ@ ‘(%)j]?‘é{n&olymer ora
thin strugtireshmetahinlbat-cmavaranwbich.¢a e flexiah,adapieh i guevedsugface (here the
jacket surface So of the body of revolrlﬂ\%/ion 5 whi#‘?is used }?)r pro%%c?llﬁg the em o(gsaing roll 16). Thus
the shapgaghihe digheoatie:.Q-afier application to the jacket surface So according to Figure 2b
corresponds exactly to the shape of the nanostructures 14 which are to be embossed, especially when
the thickness abthe diehnegative el esponemio thaithickiess afarpmbessing.layas 83 which is to be
applied to the jacket surface So (see Figure 3a). The embossing layer 13 is thinner than 1 mm,
preferalphgithineb tithdie Rivent; focieprefedality thihaettiabid povestitimtte preferablydhin than 0.1
pm, most preferably thinner than 100 am, most preferably of all thinner than 10 nm. Subsequently
the die fogrhheinteriavadeisapptitdons inkdisnrfegdiivel S:byodmésvsifvivapplyidighthe die form material
10, which means is not shown (see Figure 2c). The application can take place semiautomatically or
fully auteneasiiadilbli hisasidnappieatisniiengidsiceshieaiviiiecas e siavemant thahin¥emdon.  Then the

die carrier 11 isgo )sitioned relative to the die negative 9 so that the die form material 10 is located

betweer! /B AGeHRRECanAF MlacaiRy &pvies 15 ramsirigire Sa). brsranand Bediedpesiting means,
especiall obot arm, far positioning/ alignment/holding.of the die carrier 11. _ In the method step
which ééﬁ%f n Yﬁrﬁ‘é’ﬂ?eaf%@?'eogfg e g1n]iyi fift Sfﬁgtﬁ‘éﬁdﬁ@&‘f%ﬁ o5 dUysBHESvolution 5 or
of the eggbi%gsingi&%lfe%;séa or thet ie nega%t've 9 9 that the die form material 10 is distributed

between the die negative AePthe |e5§:e rrier TLam fﬁ?gsgvay the structures (depressions and

elevations) of he e Asgati S:aKe IR N e e Jorm maisrial ho R o h feyaaghone edge or of

the die negative 9.
(X, Y and Z direction}, especially in addition one degree of rotational freedom relative to the body

of revolution 5. The body of revolution S has one degree of freedom in the rotation direction around
the embossing roll axis 5a, especially in addition two degrees of translational freedom (in the X and
Y direction). The degree of rotational freedom of the body of revolution 5 is provided in order for
the body of revolution 5 to continue to turn around the embossing roll axis 5a after one embossing
step or the embossing of several embossing steps.

According to Figure 1, there are moreover curing means in the form of 2 UV sowrce 8

and/or a heating system 12 for curing of nanostructures 14 which have been embossed with the
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The die form material 10 is cured by curing means which are not shown (analogously to Figure 1) and
a die positive is formed on one die surface 7f of a die form 7 which has been formed by it. At the same
time the die form 7 is connected especially permanently to the die carrier 11. The curing means can be
especially UV radiators, infrared radiators or heaters. It is moreover conceivable to heat the body of
revolution 5 itself, especially by arrangement of an electromagnetic radiation within the body of
revolution 5. After curing, the finished nanostructure die 1 is raised off the body of revolution 5 or
the die negative 9. Alternatively to the above described nanostructure die, as claimed in the
inventiokfEREpEEHE Etfonosftee etk derfaca Moleshekivall &gk s piedocedrodiicdohsiderable

additional cost in the known manner, but in the other aspects as claimed in the invention can be used

in the pASERTEESH of B PORCFHeS a4yt deating fistshy 'edwetsiiprasitprekiensiietss produce,
especially with lithography methods and/or electron beam methods and/or milling methods; this can be
oo wRPERTSHHE QfEHES GG e Lo LB AT AR P S B Eompared to e
approach as claimed in the invention In Fiqure 3 the, nanostructure die 1 i ed.jn the device
i A e SR e o RO TR BB Stve ke

suriace g i 16 GTORRRG e sl e (A Rske\ suage2nThe coating ofhe

embossing laye ace preferably by rotation o y of revolution 5 in an immersion bath
which aggammoedairspahene RerPhsteaLsastion.alibebedy idevrtuiion ey SRRy Mrethods,

droplet dispersion, PVD methods or CVD methods. Alternatively the immersion of the entire body of

revolutigiufzéte aRdMIMELSIANRELR d31e0R0sIvaBIR: Theicoatinglmatesjakiordhe 8rlassing layer 13 is
preferably a liquid polymer. After exposing the jacket surface 50 to the material of the embossing layer
13, the ehalipgsingclay esirle is:poaddebslinphe:dbsiiacdkihicksrsiiespramiiyHthoes tban 1 mm,
preferably thinner than 0.1 mm, more preferably thinner than 1 pm, still more preferably thinner than
0.1 pm,miged prefardplypinsirer tebat 00 thehaiost prefetiably ofdell tthénmer thartht@RMight The
embossing structures themselves have an average lateral resolution of less than 1 mm, preferably less
than 0. Bi#Hies thicrabsrehes a5 (ekenibiamarrgeian sthidhisre peetardbly less than 0.1 pm, most preferably
less than 100 nm, most preferably of all less than 10 rim. The diameter of the embossing roll (16) can
be chosen at Wit p’fﬁi!e ﬁ:rét’l%mlthe nanostructure die 1 according to Figures 2a to 2fis

explained; this need be done only once especially fdr the production of several embossing rolls 16
since advantageously several embossing rolls 16 can be produced with one nanostructure die 1.
First of all, a die negative 9 (negative of the nanostructure die 1) is formed on a flat, planar
substrate (see Figure 2a). The planar substrate consists preferably of a polymer or a thin structured
metal foil or a material which can be flexibly adapted to a curved surface (here the jacket surface 5o
of the body of revolution S which is used for producing the embossing roll 16). Thus the shape of
the die negative 9 after application to the jacket surface 50 according to Figure 2b corresponds
exactly to the shape of the nanostructures 14 which are to be embossed, especially when the
thickness of the die negative 9 corresponds to the thickness of a embossing layer 13 which is to be
applied to the jacket surface 5o (see Figure 3a). The embossing layer 13 is thinner than | mm,

preferably thinner than 0.1 mm, more preferably thinner than 1 pm, still more preferably thin than
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exclusively it is larger than 1 mm, preferably larger than 1 cm, more preferably larger than 10 cm, most
preferably larger than 1 m, most preferably of all larger than 10 in. Initial prototypes of the embodiment
as claimed in the invention are implemented with diameters of the embossing roll (16) between 10 cm
and 50 cm. The larger the diameter of the embossing roll (16), the gentler the separation of the
microstructures and/or nanostructures (14) from the nanostructures (19). Then the roll carrier 5
with the embossing layer 13 applied and cured (as shown in Figure 3a and Figure 1) is positioned and
aligned, not only in the Y direction and the rotational position or angular position of the nanostructure
die relafivVes-thesbBsiFebie ool Yssaaitreisadieetahhitig thie J3det surface 130 parallel

to the embossing roll axis 5a (see in this respect especially Fjgures 4a and 4b). Mqreover it is
essential to Al HRENG ?r%}el{?f@&?étiﬂékb%fvmﬁeﬁ%t?ﬂ&faﬁafwﬁifﬁy A MeRRehignment the

nanostructure die 1.is;moved in Z direction (therefore toward the . ssing. roll axis 5a) until a first
eminosS B PTG A SR B g P RGeS A BhBbosed from the
die postjve gLibe s shracel/ ARRAMSINIIe Rysaion-Ableasteredominaniy,pigferably
completl%%y gi Jaceent sq[ructu?e gje%%%r% 14.n areﬂgfh%%sse(%\n&géquence sglqnce In this way an alignment
to structires-which: hawe:hgen embossed beforehand, especially an overlapping structure 14e
(overlapping section) on the edge of a structure section 14.[n - 1] which has been embossed
beforehand is pegsikleiddsequantiabambessing iberacthealiernalives shawidaFigures 4a and
Figure 4b. In the embodiment shown in Figure 4a first of all as the first stamping step a
nanostrugkeralsect dreddd bathieh o sramtis akbldidisuifaee] Tfisafihessé¢d Heet then a second
structure section 142 in one stamping step is embossed by rotation of the body of revolution 5. In
the embodicrentliupickas stspweizily Figbreath, fitecmimbiogsiigrofia firsidnandstridkirasection 14.3 a
row of several structure sections 143, 14.4, 14.5, 14.6 and 14.7 which runs parallel to the embossing
roll axis13a is embossed in sequence, during which no rotation of the body of revolution 5 takes place.
Thus during the five embossing steps shown here only the nanostructure die 1 need be moved in the
X direction andndhgrethedperialirais shewncalriewt drehfis seusturb saaisd matmdirfagidhich had been
embossed just previously. After embossing of the nanostructure sections 14.3 to 14.7 the body of
revolutioh BBRNeR 55 TP REKTOBPEAT BE BHBES SR8 At Lo FhYe O A0 hg step
consists of the steps.which are shown in.Figures 3¢ to, 3e, specifically raising of the nanostructure die |
(Fioure S TRl e e e s R e R TR [ re cie 1 1 the x
direction Eigur n Q 1) the. e ion 14,5, ial ﬂl pping of at
east ont e B e

section &Eig}%p@@né ongéﬁﬁe%%ﬂf?ee&é)ﬁ%ﬁ%%@? are repeated until the entire jacket surface 130 of the

embossing layer13 is provided with nanostructures 14 (see Figure 3g).
The die form material 10 is cured by curing means which are not shown (analogously to

Figure 1) and a die positive is formed on one die surface 7f of a die form 7 which has been formed
by it. At the same time the die form 7 is connected especially permanently to the die carrier 11. The
curing means can be especially UV radiators, infrared radiators or heaters. It is moreover
conceivable to heat the body of revolution 5 itself, especially by arrangement of an electromagnetic
radiation within the body of revolution 5.

After curing, the finished nanostructure die 1 is raised off the body of revolution 5 or the die

negative 9,

12



In the embodiment which is shown in Figure 4a first a peripheral ring 15 which corresponds to the
width of the die surface 7f in the X direction is embossed, while in the embodiment shown in Figure 4b
a peripheral ring 15' which extends essentially over the entire width of the jacket surface 50 is
embossed. In the embodiment according to Figure 4a, to cover the entire jacket surface 50
accordingly several peripheral rings 15 which are an-anged next to one another must be embossed so
that the body of revolution 5 must be repeatedly turned completely around its own axis.In the
embodiment shown in Figure 4b only a single revolution by roughly 360 degrees (somewhat more for
overlapping) is\feEessel ol the dhovreleserifnsonpeititiehisy el slophsg adhdamveatianttise invention the
already embossed structures are not destroyed by the overlapping part of the die, but it engages the
already REHHG R nRABO FaRRINGIAG NS Prodised it seasidttable add iauaiotdistep a raising
of the nanqgstructure die 1 is necessary. Furthermore,.it is preferred as claimed in the invention that the

em bogs@a W@H%@%ﬁﬁ&oﬁ?ﬁﬁ%ﬁﬁalﬁm@6}?‘3&%?_“?5.&?@,%8?%43?&%efore or after each
stamping seg, Miktle o i gl soccsivale, sty cach vicual embsang sten o e

nanostréicture precurin emng conceivablé as ¢ inven D eohceivable as

claimed e, SIANIB AT AL e, deRasition olde s IARIAIEIIROSHINGIBYILAS) ol

between the nariostructure die e embossing roll 5, to carry’out the die (embossing) and curing

processyi@, eeptinu e iaduiPiNe.SERASRIRG Ay ARCEQIY %}?Mﬁr{%ﬁf@mﬁpmw% of the

surface 50. This prevents material which may have been applied to the lower and side surface of the

embossipgrsatudrambaingideieemed by gravity and the thickness of the embossing layer 13 from
becoming nonuniform. Otherwise it is critical to the invention that the viscosity of the embossing

layer 13 after applyingihie: embossing: ldydril 3sbeismakienaughidosshubask Mt |agecgnough not
to run. It is preferred as claimed in the invention if when the peripheral ring 15 is closed, therefore
during eatijzbsbinly of thenamoStructaied sedtiespidatiyehich jiskeesiatifofoeaih thespbexsaging 15, a
seamless nanostructure section 14.n be embossed which agrees especially at a distance with the
remainimgywadcsttimtiifersectionw)lacket surface 130. The coating of the embossing layer 13 takes

place preferably by rotation of the body of revolution 5 in an immersion bath which accommodates
only one peripheral section of the body of revelution or by spray methods, droplet dispersion, PVD
methods or CVD methods. Alternatively the immersion of the entire body of revolution 5 into an
immersion bath is conceivable. The coating mateﬁék for the embossing layer 13 is preferably a
liquid polymer. After exposing the jacket surface 5o to the materiai of the embossing layer 13, the
embossing layer 13 is produced in the desired thickness, especially thinner than 1 mm, preferably
thinner than 0.1 mm, more preferably thinner than 1 pm, still more preferably thinner than 0.1 pm,
most preferably thinner than 100 nm, most preferably of all thinner than 10 nm,

The embossing structures themselves have an average lateral resolution of less than T mm,
preferably less than 0.1 mm, more preferably less than 1 pm, still more preferably less than 0.1 pm,
most preferably less than 100 nm, most preferably of all less than 10 nm.

The diameter of the embossing roll (16) can be chosen at will. For example, but not
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Since with the method as claimed in the invention a nanostructure die 1 can be easily produced, a
perfect transition can be achieved by producing an exactly matched nanostructure die I. In order
to adapt the nanostructure die 1 to the specific body of revolution 5, sample embossing according to a
single peripheral ring 15 according to Figure 4a is conceivable. To the extent the embossing takes
place perfectly, the nanostructure die 1 can be used for producing several embossing rolls 16.
Otherwise the difference from the (correct) distance can be detelinined and an altered die negative 9
can be computed therefrom for producing a new nanostructure die 1. Figure 5 shows the
continudteeBYStinbrerEham BB RS taeer tvhien Byrcvriaabhidiedhead Ctinuously with
nanostructures 19 by means of the embossing roll.5, which in contrast to the prior art |leads to uniform

and seafHIESES B RIgR: fBaig b asED kit imsatr A B R epep A liSced in this way.

Reference nymber list nangstrycture die 2vacuum chambey .. .
emboﬂlrglcnt as cleﬂme ?n he }{?Iwent{on are ?mgfymente?w?tﬁ diameters of the embossing roli {16)

between 10 cm and 50 cm. The larger the diameter of the embossing roll (16), the gentler the
separation of the microstructures and/or nanostructures (14) from the nanostructures (19).

Then the roll carrier § with the embossing layer 13 applied and cured (as shown in Figure 3a
and Figure 1) is positioned and aligned, not only in the Y direction and the rotational position or
angular position of the nanostructure die relative to the bedy of revolution 5, but also in the X
direction along the jacket surface 130 parallel to the embossing roll axis 5a (see in this respect
especially Figures 4a and 4b). Moreover it is essential o align the nanostructure die 1 exactly in the
rotational p.osition.

After alignment the nanostructure die 1 is moved in the Z direction (therefore toward the
embossing roll axis 52) until a first embossing section 14.1 (Figure 4a) or 14.3 (Figure 4b) of the
uanostrucﬁues 14 is embossed from the die positive of the die surface 7f. As claimed in the
invention, at least predominantly, preferably completely adjacent structure sections 14.n are
embaossed in sequence since in this way an alignment to structures which have been embossed
beforehand, especially an overlapping structure 14e (overlapping section) on the edge of a structure
section 14.[n - 1] which has been embossed beforehand is possible. In sequential embossing there
are the alternatives shown m Figures 4a and Figure 4b.

In the embodiment shown in Figure 4a first of all as the first stamping step a nanostructure
section 14.1 which comresponds to the die surface 7fis embossed and then a second structure

section 14.2 in one stamping step is embossed by rotation of the body of revolution 5.
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2bbottom 3die receiver 4embossing roll receiver 5body of revolution Sojacket surface 5Saembossing
roll axis 6working space 7die form

In the embodiment which is shown in Figure 4b, after embossing of a first nanostructure
section 14.3 a row of several structure sections 14.3, 14.4, 14.5, 14.6 and 14.7 which runs paraliel
to the embossing roll axis 5a is embossed in sequence, during which no rotation of the body of
revolution 5 takes place. Thus during the five embossing steps shown here only the nanostracture
die 1 need be moved in the X direction and aligned especially on a structure of the nanostructure
section 14.[n - 1] which had been embossed just previously. Afier embossing of the nanostructure
sections 14.3 to 14.7 the body of revolution 5 rotates so that the next row can be embossed and so
forth.

Each embossing step consists of the steps which are shown in Figures 3¢ to 3e, specifically
raising of the nanostructure die 1 (Figure 3c), rotation of the body of revolution 5 and/or movement
of the nanostructure die 1 in the X direction (see Figure 3d) and embossing of the structure section
14.n, especially by overlapping of at least one overlapping structure 14e which is provided on the
edge of the previous nanostructure section (Figure 3e).

The described processes are repeated until the entire jacket surface 130 of the embossing
layer 13 is provided with navostructures 14 (see Figure 3g).

In the embodiment which is shown in Figure 4a first a peripheral ring 15 which corresponds
to the width of the die surface 7 in the X direction is embossed, while in the embodiment shown in
Figure 4b a peripheral ring 15 which extends essentially over the entire width of the jacket surface
50 is embossed.

In the embodiment according to Figure 4a, to cover the entire jacket surface So accordingly
several peripheral rings 15 which are arranged next to one another must be embossed so that the

body of revolution 5 must be repeatedly tumed completely around its own axis. In the embodiment
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7fdie surface 8radiator 9die negative 9redge 10die form material 11die carrier 12heating means
13embossing layer

shown in Figure 4b only a single revolution by roughly 360 degrees (somewhat more for
overlapping) is necessary. It is however important that in overlapping as claimed in the invention
the already embossed structures are not destroyed by the overlapping part of the die, but it engages
the already existing structures without destroying them.

In any case, after each starmping step a raising of the nanostructure die 1 is necessary.
Furthermore, it is preferred as claimed in the invention that the embossed nanostructure section
14.n be cured before or afier raising, therefore before or after each stamping step. Multiple curing
is also conceivable, after each individual embossing step of the nanostructure die 1 "precuring”
being conceivablle as claimed in the invention. It is also conceivable as claimed in the invention to
carry out the deposition of the die material (embossing layer 13) only between the nanostructure die
1 and the embossing roll §, to carry out th&;. die (embossing) and curing process, to continue to turn
the embossing roll 5 and only afterwards to coat the next part of the surface So. This prevents
material which may have been applied to the lower and side surface of the embossing roll 5 from
being deformed by gravity and the thickness of the embossing layer 13 from becoming nonuniform.

Otherwise it is critical to the invention that the viscosity of the embossing layer 13 after
applying the embossing layer 13 be small enough for embossing, but targe enough not to run.

It is preferred as claimed in the invention 1If when the peripheral ring 15 is closed, therefore
during embossing of the nanostructure section 14.n which is the last for each peripheral ring 15, a
seamless nanostructure section 14.n be embossed which agrees especially at a distance with the
remaining nanostructure sections 14.n.

Since with the method as claimed in the invention a nanostructure die 1 can be easily

produced, a perfect transition can be achieved by producing an exactly matched nanostructure die 1.
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130jacket surface 14nano structures 14.1 to 14.n nanostructure section 14eoverlapping structure
15peripheral ring 16embossing roll 17protective jacket

In order to adapt the nanostructure die 1 to the specific body of revolution 5, sample
embossing according to a single peripheral ring 15 according to Figure 4a is conceivable. To the
extent the embossing takes place perfectly, the nanostructure die 1 can be used for producing
several embossing rolls 16. Otherwise the difference from the (correct) distance can be determined
and an altered die negative 9 can be computed therefrom for producing a new nanostructure die 1.

Figure 5 shows the continuous embossing of an embossing substrate 18 which is provided
mare or less continuously with nanostructures 19 by means of the embossing roll 5, which in
contrast to the prior art leads to uniform and seamless nanostructures 19 on the embossing substrate

18 which has been produced in this way.
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18embossing substrate 19nanostructures Claims 1. A nanostructure die (1) with a concavely
curved nanostructured die surface (71) for seamless embossing of at least one peripheral ring (15, 15")
of a jacket surface (130) of an embossing roll (16) in the step-and-repeat process. 2. The
nanostructure die (1) as claimed in Claim 1, wherein the nanostructure die (1) has a die carrier (11) to
which a die form (7) which encompasses the die surface (7f) is connected, especially permanently.

3. The nanostructure die (1) as claimed in Claim 2, in which the die form (7) is produced using a body
of revolution (5) of the embossing roll (16). 4. An embossing roll for continuous embossing of
nanostructures with an embossing Iayer%i@f%ﬁa‘i‘ﬂ]&"é en applied on a body of revolution (5), with
a jacket surface (130) with at least one peripheral ring (15) which is made seamless at least in the
periphefal direction and wﬂ@ﬁ“@r}%%%g%ed in the step-and-repeat process.

2 vacuum chamber
2b bottom

3 die receiver

4 embossing roll receiver
5 body of revolution
S0 jacket surface

Sa ernbossing roll axis
6 working space

7 die form

7f die surface

8 radiator

9 die negative

Or edge

10 die form materjal
11 die carrier

12 heating means

13 embossing layer
130 jacket surface

14 nanostructures

i4.1 to 14.n  nanostructure section
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5. The embossing roll as claimed in Claim 4, in which the jacket surface (130) is embossed by a
nanostructure die (1) as claimed in Claim 1. 6. The embossing roll as claimed in one of Claims 4 or
5, in which the body of revolution (5) is a cylinder, especially a circular cylinder. 7. A device for
producing an embossing roll (16) for continuous embossing of nanostructures with the following
features: an embossing roll receiver (4) for accommodation and controllable rotation of a body of
revolution (5) of the embossing roll (16) around one embossing roll axis (5a) in a working space (6), a
die receiver (3) for accommodation and controllable movement of a nanostructure die (1) relative to
one jackée surface (130) of YFEIMBESERFFBII (16), by controlling the embossing roll receiver (4) and
the die receiver (3) at least one peripheral ring (15, 15') being producible which has been embossed in
the steptand-repeat proced¥ HigA is made seamless at least in the peripheral direction of the

jacket s%face (130).

embossing roll
17 protective jacket
18 embossing substrate
19 nanostructures
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8. The device as claimed in Claim 7, in which the working space (6) is formed by a vacuum chamber

(2) and can be exposed to a vacuum, 9. The device as claimed in Claim 7 or 8, in which there are
means for applying an embossing layer (13) which forms the jacket surface (130) to a body of
revolution (5) of the embossing roll (16). 10. The device as claimed in one or more of Claims 7 to

9, in which there are curing means (8, 12) for curing of the embossed peripheral ring especially in
sections, preferably with sections which correspond especially to a die surface (71) of the
nanostructure die (1) and which correspond to the step-and-repeat process. 11. A method for
producing a nanostructure die (1) for producin§#&&mbossing roll (16) for continuous embossing of
nanostructures with the following steps, especially the following sequence: fixing of a curved or
curvable die negative (9) of the nanostructure die (1) on a peripheral section of one jacket surface (50)

(©) molding ofFi BB TS HHIRAIE A O SRS SIS (P RA SRR curved
seamless embossing of at least one peripheral ring (15, 15 of a jacket surface (130) of an
ernbossing rol (16) in the step-and-repeat process.

2. The nanostructure die (1) as claimed in Claim 1, wherein the nanostructure die (1) has a
die carrier (11} to which a die form (7) which encompasses the die surface (7f) is connected,
especially permanently.

3. The nanostructure die (1) as claimed in Claim 2, in which the die form (7) is produced
using a body of revolution (5) of the embossing roll (16).

4. An embossing roil for continuous embossing of nanostructures with an embossing layer
(13) which has been applied on a body of revolution (5), with a jacket surface (130) with at least
one peripheral ring {15) which is made seamless at least in the peripheral direction and which is
embossed in the step-and-repeat process.

5. The embossing roll as claimed in Claim 4, in which the jacket surface (130) is embossed
by a nanostructure die (1) as claimed in Claim 1.

6. The embossing roll as claimed in one of Claims 4 or 5, in which the bedy of revolution
(5) is a cylinder, especially a circular cylinder.

7. A device for producing an embossing roll (16) for continuous embossing of
nanostructures with the following features:

- an embossing roll receiver (4) for accommodation and controllable rotation of a body of

revolution (5) of the embossing rofl (16) around one embossing roll axis (52) in a working
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nanostructured die surface (70, curing of the die form material (10). 12. The method as claimed in
Claim 11, in which the peripheral section extends over less than half, especially less than one third,
preferably less than one fourth, of the periphery of the jacket surface (50). 13. The method as
claimed in Claim 11 or 12, in which the embossing roll (16) is used as the body of revolution (5) 14,
A method for producing an embossing roll (16) for continuous embossing of nanostructures with the
following steps, especially the following sequence: receiving a body of revolution (5) with an
embossing layer (13) which has a jacket surface (130) onto an embossing roll receiver (4) which is
located in a Wéﬁ’ﬁ?ﬁé ace (6), embossing of a peripheral ring (15, 15" which is made seamless in the

recever () int ""”g%?&%?@fﬁéi%%é%%n‘;iségf%%%ﬁﬁ%ﬂf%o%"%‘%%?ééﬁﬁ“e% RS9 which he
embossing rol|, 'Fﬁt’i)xfg Ocne{% a%%e'%% %n (% &5181"[?@@ nlgll%ti Qqé?) in several stamping steps which run

especially sequent 1ally method as clalme 4 or 15, wherein the stamping steps

are carrjed ougp@esﬂaﬂxiﬁg/@rmpase o aligamentendhaimeivewhishnadsbsanemnhassed

previously.
ring (15, 15" being producibie which has been embossed in the step-and-repeat process and

which is made seamless at least in the peripheral direction of the jacket surface (130}

8. The device as claimed in Claim 7, in which the working space (6) is formed by a vacuum
chamber (2) and can be exposed to a vacuum.

9. The device as claimed in Claim 7 or 8, in which there are means for applying an
embossing layer (13) which forms the jacket surface (130} to a body of revolution (5) of the
embossing roll (16).

10. The device as claimed in one or more of Claims 7 to 9, in which there are curing means
(8, 12} for curing of the embossed peripheral ring especially in sections, preferably with sections
which correspond especially to a die surface (7f) of the nanostructure die (1) and which correspond
to the step-and-repeat process.

11. A methed for producing a nanostructure die (1) for producing an embossing roll (16) for
continuous embossing of nanostractures with the following steps, especially the following
sequence:

- fixing of a curved or curvable die negative (9) of the nanostructure die (1) on a peripheral

section of one jacket surface (50) of a body of revolution (5),

- application of a moldable die form material (10) to the curved die negative (9),

- molding of the die form material (10) on a die carrier (11) for forming a concavely curved
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17. The method as claimed in one or more of Claims 14 to 16, wherein there are several stamping
steps parallel to the axis of rotation in each rotational position. 18. A method for producing an
embossing substrate (18) which has nanostructures (19) by means of an embossing roll (16) for
continuous embossing of the nanostructures (19).

nanostructured die surface (71),

- curing of the die form material (10).

12. The method as claimed in Claim 11, in which the peripheral section extends over less
than half, especially less than one third, preferably less than ane fourth, of the periphery of the
jacket surface (So}.

13. The method as claimed in Claim 11 or 12, in which the embossing roll (16) is used as
the body of revolution (5}

14, A method for producing an embossing roli (16} for continuous embossing of
nanostructures with the following steps, especially the following sequence:

- receiving a body of revolution (5) with an embossing layer (13) which has a jacket surface
(130) onto an embossing roll receiver (4) which is located in a working space {6),

- embossing of a peripheral ring (15, 15" which is made seamless in the peripheral direction
of the jacket surface (130) by means of a nanostructure die (1) held on a die receiver (3) in
the step-and-repeat process.

15. The method as claimed in Claim 14, in which the embossing roll is produced by rotation
of the body of revolution (5) in several stamping steps which run especially sequentially.

16. The method as claimed in Claim 14 or 15, wherein the stamping steps are carried out
partially overlapping for alignment on the structure which had been embossed previously.

17. The method as claimed in one or more of Claims 14 to 16, wherein
there are several stamping steps parallel to the axis of rotation in each rotational position.

18. A method for producing an embossing substrate (18) which has nanostructures (19) by

means of an embossing roll (16) for continuous embessing of the nanostructures (19).
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