nodel cal cul ati ons; however, geonetric structures on the surface of the
substrate under neat h t he Iayer are not included. etfapBeciUSepedd 835 226
i's*a method for determ ning the thickness of a |lay ystem t hat
is |ocated on a substrate 5 surface that Emggeomatri o
str.uctures. In this known method, geometric structures on yer
surface are not covered, nor are geonetric structures on the substrate
surface. Known from US-A-587 792 is an aratus and a nethod for neasuring
t hi ckness, in which an i MEFH@PJTRB %ﬁfg&hﬁmﬁ&fﬁ)EH@KNEﬁ@ OF

spect rum of i ght that is refl AMMEHTERHINAYER SIRUICEYRBEem i s conpared to
a wave shape that results fromnumerical calculation using an optical

characteristic matriXx. The invebtioRrélatés totd Histhdd foradetémsiningythie thickhesse are
not covered, nor are structures on the substrate surface.

5 of at least one layer provided on a substrate.

When applying layers to a substrate, it is necessary that a
certain layer thickness must be created or maintained. This is
particularly true for the manufacture of storage media, in particular
optical data storage media such as CDs, CD-Rs, DVDs, CD-RWs,

16 DVD-RWs, MOs, and other data storage media to which different
layers, such as information carrier layers, protective layers, or reflection
layers, are applied. Known for measuring the layer thicknesses for
quality control and during the production process are various layer
thickness measurement processes, but these processes cannot be

15 employed on grooved substrates. For determining groove geometry,
reflection and/or transmission are measured for various orders of
diffraction. However, such measurement processes with higher orders
of diffraction of the light require more complex measurement
equipment and calibration measures. It is not possible, or it is only

20 possible with fimited accuracy, to measure the layer thicknesses if the
substrate itself has structures such as troughs that in optical storage
media, for instance, are called grooves and that are required for
writing, reading, and/or deleting data.

The object of the invention is therefore to create a method that

25 provide a simple and reliable measurement process, provides reliable
-1- .
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are applied to int

spectronetric nethod for determ ning thi c knesshigthett Bo@BoinRen] F ayers that

process. This nethod does not cover structures
seni - conduct or conponent as additional paranet

e —————

31483 (not previously publlshed) descri bes a 15

nuf acturi

egrated sem -conductor ci rcuiim!

ngnmmﬂmn

refl ection and/or transmission light intensity val ues 20 us

an*i nternati on nodel .

ng

uring the cal cul ati on of

i ng

The object of the invention is therefore to create a

met hod that provi deneassirementsdiod its adanétol andweagulationnin garticdas even aluridg s
reliable neasurenents for its control and regulation, in particular ev

during the layer apid layat application sahéand aise mbwegl@éhabﬁ rds@rements
measurenents -2- Lit Trnsl of |IPE Changed Pages - Dr. Rolf Hertling,

- Steag Hama Tech

10

15

20

£§¢ subtraté83ith structures contained therein or formed on the
surface thereof, and that makes it possible o determine the structure
geometry.

The object set forth is achieved in a method for determining the
thickness of at least one layer provided on a substrate by measuring
reflection and/or transmission light intensity values of zero order of
diffraction as a function of the wavelength and by calculating the
refiection and/or transmission light intensity values using an iteration
model that depends on the individual layer parameters, whereby the
layer parameters are modified to effect correspondence between the
measured values and the calculated values, and whereby the
substrates have geometric structures, the geometric dimensions of
which are used as additional parameters of the iteration model.

In contrast to the conventional measurement processes, the
inventive measures make it possible to correctly determine layer
thicknesses, even of substrates with structures, as is the case, for
instance, with CD blanks with grooves to which various layers must be
applied, each layer having subsequently determined layer thicknesses,
in order to manufacture optical data storage media. In addition, the
method, and in particular the measurement device provided therefor, is
very simple, because in the inventive method it is only necessary to

-2-
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for substrates with structures contained therein or Torned on the surface
thereof, and that makes it possible to determ nenil et BhyBLed REGRFEONBL Y.

The" obj ect set forth is achieved in a nethod for i he 5
thickness of at |east one layer on a substrate bJMEEwlmlmmhlectipn
and/or transm ssion light intensity val ues of ze fraction as
a function of the wavel ength, by calculating the reflection and/or
transm ssion light intensity values using an iteration nodel in which the
i ndi vi dual’ | ayer 1a@neasure the reflectiondransmissiantlight deiensity valugs nefntreozryoof
t he geonetric structures
) order of diffraction. This enables a very simple measurement
arrangement that in particular can be used in the manufacturing
process of, for instance, optical data carriers. Furthermore, calibrating
5 the inventive method, in which only light values of zero order of
diffraction are measured, is substantially less complex than in
conventional processes. It is therefore possible to perform a wide
variety of measurement processes with a single measurement device,
as will be explained in more detail in the following.

10 In particular sample preparations are also no longer required
with the inventive method, since the thickness of layers that are or will
be applied to substrates with structures can be determined accurately
and reliably. The process is therefore also particularly employable
even during the manufacturing process, that is, it can be used in-line,

15 since thickness measurements and controls are possible directly on the
produced products, such as optical data storage media.

Thus, in accordance with the inventive method, the transmission
light intensity values in reflection and/or transmission are measured
spectrally, that is, as a function of the wavelength. These

20 measurement values are then evaluated using optical calculations.
This approach is to calculate the reflection and/or transmission light
intensity values from optical models for a layer system and to vary in
every calculation step the layer thicknesses and/or the spectral

- 3-
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of the substrate are included as further paraneters,—andnodrfying the

paraneters to effect correspondence between the neasured and cal cuI at ed

valfues. In contrast to the conventi onal rreasurerreni“l1 S“R h
I nventive nmeasures nmake it possible to correctly det
t hi cknesses, even of substrates with structures, or

i n§tance, with CD blanks with grooves to which varl ous ayers rrust be
appl i ed, each |ayer having subsequently determ ned | ayer thicknesses,
order to manuf act umateridli paranetees, s e@. agbeneefiractionn indices i 1, andior2 ghe

net hod, and in particul ar the neasurenent device provided therefor,
si mpl e, because i nghdrptidty €Mdivés Mek)hodntilt the qninimoRec edeviation o betasen e t he

reflection/transm ssion light intensity values of the zero order of

diffraction. This anahlefedt ¥d Scatiuiich T agHE98EN Thus a layer thickness

10

15

20

control is possible, and therefore monitoring of the optical properties of
a layer system on a substrate with structures is possible, for instance
for CDs with grooves.

In accordance with all of the preferred embodiments of the
invention, interferences that occur due to the geometric structures are
used for additional parameters. The inventive method in accordance
with this embodiment is based on calculating inphase overlap of
electromagnetic partial waves on the structures, for instance, on the
grooves of the substrate or blank, and therefore on the interferences of
these partial waves. By varying the parameters, the width and depth of
the structures, for instance the channels or grooves, can be included in
the measurement process. It is not possible to achieve optical
consistency between measurements and calculation unless the
structure parameters, the width, the depth, and/or the intervals
between the structures or channels is consistent with that of the
channels on the measured sample.

Due to the spectral dependence of the changes in the reflection
and/or transmission light intensity values based on the structures, that
is, the channels or grooves, compared to the light intensity values
without structures, the information on the structure parameters, for

- 4-
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arrangement that in particular can be used in themanufacturing - 3- Lit
Tr an| .of I PER Changed Pages - Dr. Rolf Hertli ng mﬁ tHas%egﬁgepf—@ga Tech AG

- Az. 2657 process of, for instance, optical rt her nor e,
calibrating the inventive nethod, in which only I| ero or der
of diffraction are nmeasured, is substantl ally | ess
convent i onal processes. It is therefore possible to perform a W de 5
vari ety of measurenment processes with a single neasurenent device, as wll
be expl ai ned i n noinstamtsthe width, ldepthylandvintegval Ibetween cloannels sagrdaves, is
preparations are also no | onger required
already contained in the light intensity values of zero order of
diffraction.
In accordance with a particularly advantageous embodiment of
5 the invention, the geometric dimensions of the structures are
determined, that is, for instance, the depth, width, and/or interval
between channels or grooves. These geometric dimensions can be
calculated preferably at the same time as the determination of the layer
thicknesses. In this manner it is possible to monitor and control the
10 quality of the molding process, for instance during production of optical
storage media. For the special case in which no layers are applied to
the substrate, that is, the layer thicknesses are zero, the measurement
values for the geometric dimensions of the structures result, whereby it
is thus possible to perform localized measurements of these geometric
15 structures over the entire substrate surface in order thus to rapidly
detect production errors during the production of substrates, for
instance during injection molding of CD substrates.
in a very advantageous additional embodiment of the invention,
the calculated data for the layer thicknesses and/or geometric
20 structures are used for regulating production processes for applying at
least one layer to a substrate and/or for developing substrate
structures. The inventive method is particularly well-suited for in-line
employment since in the inventive method only the light intensities of
-5
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with the inventive nethod, since the thickness of Tayers that—areor wll

be applied to substrates with structures can be deggy Qggsg%c ratgly 10

and reliably. The process is therefore al so particugﬂﬁ mﬁﬁﬁﬁwe even
il

t hickness neasurenents and controls are possible di ’H’ pr oduced

during the manufacturing process, that is, it can b si nce
products, such as optical data storage nedia. Thus, in accordance wth the

i nVentive nmethod, the transm ssion 15 light intensity values in
reflecti on and/ or theazreroicdensf diffactieaneed tb be ewdasakéd; andtherefsre raither
function of the wavel ength. These neasurenent val ues are then eval uated

using opti cal _cal cieahricaRareniéntsappttaR@Clior thet Calibfation Rt eeryhgomsiek eand on
and/or transmssion light intensity values fromoptical nodels for a | ayer

f%féﬁnmegggst gn‘é?g?’siitnﬁg %gvgié:lcet\faéiety of MS8EYrendrt Yphbhe Bre b68sibIBGwit*4 Ringle

measurement apparatus, for instance layer thickness measurements

5 alone or in combination with the geometric dimensions of the substrate

structures, or the geometric dimensions of the substrate structures

alone. This means that during production of the optical data carriers,

for instance during the manufacture of substrates, when substrate

structures are being developed, or during coating of the substrate with

10 pre-specified layer thicknesses, the invenﬁve method can be directly

employed and can be used for regulating and controlling the production

process. Thus the data calculated with the inventive method for the

layer thicknesses and/or the substrate structure are used for

subsequently determining the values for correcting variables in the

15 production facility. In this manner the course of production can be
automatically adjusted, controlled, and regulated.

In the case of production of optical data carriers such as CDs,
the inventive methods are used directly on the produced products to
determine the actual values. These actual values are then directly

20 used to provide new correcting variables, such as sputter times, sputter
rates, as well as pressures, temperatures, and gas flows during the
production process in the production facility. The inventive method
makes it possible to input target values into the production process,

- 6-
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materi al paraneters, e.g., the refraction indices—(m—and/or the absorption

I ndigces (k) until the m ninmum devi ati on between m ﬁﬁ%@&x a‘i‘ﬁ}’ £alcul ation
e

IFs"achi eved. Thus a | ayer thickness control is po refore
nonitoring of the optical properties of -4- Lit T Il anged Pages
- Dr. Rolf Hertling, et al - Steag Hama Tech AG - K Iayer
systemon a substrate with structures is possible, for I nstance for

with grooves. In accordance with preferred enbodi ment of the |nvent|on

i nterferences thawhighcualudsiare therhachiewetviaithe clasedtloops Sinae ndbe cese

of production of optical data media, in addition to the layer thicknesses,
the groove geometries are also determined with the inventive method,
in this manner the quality of the substrates or blanks with the geometric

5 structures can also be controlled, that is the quality of the molding
process can be controlled.

A special case for the inventive process is when the substrates
do not have a geometric structure, that is, only the layer thicknesses
are measured and/or regulated.

10 Preferably the substrates are blanks for data storage media
such as CDs, whereby the geometric structures are formed as
channels or grooves in the blank, and at least one information-carrying
layer is applied to these blanks. The information-carrying layer is
preferably a metal alloy that can be modified by the energy from a

15 beam of light between two phases. The information-carrying layer is
preferably formed between two buffer layers.

The invention is explained in more detail in the following using
exemplary embodiments with respect to the figures.

Fig. 1 is a schematic representation of an optical data storage

20 medium, in which the inventive process is employed;

Figures 2 through 4 are diagrams in which the reflection light

intensity values are applied over the wavelength; and,

-7-
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5 addi ti onal paraneters. The inventiverethod—itn—accordance with
this enbodi ment is based on cal culating inphase overlap of electromagnetic
partial waves on the structures, for instance, onlhisikeetffagBeenBendiced he

substrate or blank, and therefore on the interferef|k WSl parti a
waves. By varying the paraneters, the width and de i ¥l t he
structures, for instance the channels or grooves, can be i1ncluded in the
measurenent process. It is not possible to achieve optical consistency

bet ween neasurenents ancig.ab dsilant exemplahe embiodimentrfoc idetermaing tbedosallyt he
wi dth, the depth, and/or the intervals between the structures or channels

| s consistent Wthéﬁé@ze@“di&%ﬁsi@aﬁs of the substrafd'afii&tlifesOn the neasured
sanple. Due to the spectral dependence of the changes in the reflection

and/or transm ssion | ghqla! Piakhtel the' 8HubIREHr §Pesdbi ! érdEhbibCand 142!
writable CD, also known as a CD-RW. The foilowing layers of layer
5 system 2 are applied by cathode sputtering in this order to a substrate
1 made of polycarbonate with the thickness do:
a first buffer layer 3 made of a dielectric material and of a layer
thickness d that preferably comprises a metal oxide compound;
an information-carrying layer 4, with the layer thickness d, that
10 comprises a metal alloy and that can alternate between two phases by
means of the energy of a laser beam and that is therefore also called a
fast-change layer; a second buffer layer 5 with the layer thickness ds
that is also dielectric and preferably comprises a metal oxide
compound; a fourth layer 6 with a layer thickness d, that comprises a
15 metal or a metal alloy and that draws off the energy from the laser
beam that is required for writing. The two buffer layers 3 and 5
protectively enclose the information-carrying layer 4 and in addition
optimally control the optical properties of the CD-RW with respect to
intensity and phase difference of the reflectance between the written
20 and unwritten condition. The layer thicknesses of the layers 3 through
6 in this exemplary embodiment have the following values: d{ = 96.0

nm, d; = 20 to 25 nm, d3 = 24.0 nm, and d; = 100 to 130 nm.

- 8-
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I's, the channels or grooves, conpared to rﬁémﬁ—Tﬁensi ty val ues w thout
structures, the information on the structurg; RArAHRRENRepidced 20

i nStance the width, depth, and interval bet NORE Mr grooves, is
L
rl 4 s enbodi nent of

already contained in the light intensity va

diffraction. In accordance with a particul a

the invention, the geonetric dinensions of the structures are - 5- Lit

Trnsl of | PER Changed Pages - Dr. Rolf Hertling, et al - Steag Hama Tech AG
- Az. 2657 det er m nedgonnned in the suhstiate tlaarecso-cakedigiaves i, wherebyidn or

I nt erval

the illustrated exemplary embodiment, for instance, their depth is t = 40
nm, their width is b = 570 nm, and their periodic interval a to each other
= 1600 nm.

5 The quality of such storage media depends largely on selecting
and maintaining the correct layer thicknesses in the layer system 2 on
the substrate 1. It is therefore necessary for the quality control and/or
during the coating procedure in the in-line process to determine as
precisely as possibie the thicknesses of each of the individual layers 3

10 through 6. This is achieved using the inventive process, whereby a
beam of light 8 from a light source 9 is directed perpendicular to the
substrate 1 from the side of the substrate 1 facing away from the
applied layer. During the measurement process the wavelength of the
beam of light 8 directed onto the substrate is modified in a wavelength

16 range of approximately 400 to 1100 nm.

Figure 2 illustrates a diagram in which the reflectance of a layer
construction as illustrated in Figure 1, for example, is shown as a
function of the wavelength of the radiated light. In this exemplary
embodiment, the substrate 1 is planar, that is, it does not have any

20 grooves as shown in Figure 1. The curve 21 represents the calculated
reflectance and the curve 22 the measured reflectance. The
reflectance is calculated from initially pre-specified optical models for a
layer system. Then the layer thicknesses and/or the spectral material

-0-
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bet ween channel s or grooves. These geonetric dlnen5|ons be cal cul at ed

preferably at the sane tine as the determ namusshpetdias gr t hi cknesses.
Inthis manner it is possible to nonitor and
quality of the nolding process, for instance ion of optical

storage nedia. For the special case in which no ayers are applied to the
substrate, that is, the layer thicknesses are zero, the neasurenent val ues
for -the geonetric di mensi ons of the structures result, whereby it is thus
possi bl e to perf or npatameters: ioniestance thentesractive index ngm'dhetabsorpion index k
structures over the entire substrate surface in order thus to rapidly

detect production ejy @i cdgei 60 at franSREION hsasfernevts tarat earied withi Batiance
during injection nolding of CD substrates. In a very advantageous

addi ti onal enbodi ”EEélcﬁlfatiéﬁ‘esfeBV%ﬁI A miniRufm?| devlationd i achidved etwbéay er

t hi cknesses and/ or geonetr
measurement and calculation, as shown in Figure 2. Resulting from

5 this process are the thicknesses of the layers 3 through 6, with dq =
96.0 nm, d; =20.1 nm, d3 = 24.0, and d4 = 130.0 nm.

When this process described in the foregoing is applied to layer
systems 3 that are or will be applied to substrates 1 with grooves or
channels 7, this leads to incorrect and unacceptable results, as shown

10 in Figure 3. It is no longer possible to obtain satisfactory consistency
between calculated reflection values and the curve 32 for the
measured reflection values of the curve 31.
In order to achieve satisfactory results and aiso to be able to
measure reliably the layer thicknesses in layer systems on substrates
15 with grooves, in accordance with the invention the light losses in
perpendicular incidences on the sample are taken into account,
whereby these light losses occur due to the grooves in the substrate.
In accordance with the invention, preferably the inphase overlap of
electromagnetic partial waves at the grooves are calculated, and thus
20 their interference is calculated. Thus in this exemplary embodiment the
width b and the depth t of the grooves 7 are also included in the

variations of the parameters.

-10-
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15 structures are used for regul ating production processes for
applying at |east one |ayer to a substrate armsi steetfRdB ]a@@i Nng substrate

structures. The inventive nmethod is particul ar|iEREMIRIHIEYI for in-line
enpl oynent since in the inventive nethod only JHIHM Ensities of the
zero, order of diffraction need to be neasured, 0 nei t her 20

t he nmeasurenent apparatus nor the calibration is very conplex, and since a
wi de variety of measurenment options are possible with a single nmeasurenent
appar atus, for instance Theaonsisteiayesktheeaaloulatashteflestiomesuove i with the
conbi nation with the geonetric di mensions of the substrate structures, or

the geonetric di nengicararad refleetion baivead 2 tieit icantbe €sen irbFigutd 4 Tthaglis,dhe | PER
Changed Pages - Dr. Rolf Hertling, et al - Steag Hana Tech AG - Az. 2657

consistency between measurement and calculation, results when the

width b and the depth t of the grooves 7 are consistent with the width b
) and the depth t of the groove on the measured sample.

in one exemplary embodiment, when the geometry of the
grooves is not known, the inventive method is used to determine
parameters in the layers 3 through 6 as follows: groove depth t = 40.5
nm, groove width b = 501.0 nm, and thicknesses d = 95.0 nm, d, =

10 20.6 nm, d3 = 22.9 nm, and d4 = 130 nm.

In the exemplary embodiments for a layer system 2 for a CD-
RW described in the foregoing, the layer 3 comprised ZnSSiox, layer 4
comprised AginShTe, layer 5 comprised ZnSSiox, and layer 6

- N comprised ALTi. These layers were located on a substrate or blank 1
15 that had grooves 7 and that comprised polycarbonate.

However, it is also possible to determine the groove geometry of
the substrate initially independently from the layer thicknesses in order
to learn the groove geometry. In accordance with this, first the layer
thickness is measured in accordance with the inventive method. In the

20 layer system used in the exemplary embodiment described in the
foregoing, for the layers 3 through 6 when the groove geometry is

known, where t = 41 nm, b = 485 nm, and a = 1600 nm, the layer
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al one. This neans that during producUon__gJLLheap‘tTC”T’data carri ers for
I nstance during the manufacture of substrates, when subs ate structures
are bei ng devel oped, or during coating of'nﬁmeesﬁmﬁmnm a“ th pre-specified

| ayer thicknesses, the inventive nethod ca

enpl oyed and can be used for regul ating an ‘ the producti on
process. Thus the data calculated wth the |ve nmet hod for the | ayer
t hi cknesses and/or the substrate structure are used for subsequently

determ ning the val ihfgknk8ses afg & folb@s R thigbrdst. idy =t 9@ 5Smmddict HBNM Amcds i ty.
In this manner the course of production can be 10 automatical ly

adj usted, controlled 21%@& %ﬂH'daLepOO hin.t he case of production of optical
data carriers such

In another exemplary embodiment, a layer system 2 as
described in each of the two preceding embodiments is initially applied
5 to a substrate without grooves and the layer thicknesses are pre-
specified or measured with the values d = 96.4 nm, d2=20.1 nm, d3 =
24.0 nm, and ds = 130 nm. In accordance with this, the same layer
system is now applied to a substrate with grooves 7 using the now
known sputter rates and the groove geometry is selected for the
10 inventive method as free parameters, that is, the width b and the depth
t of the groove are selected. In this manner it is possible to determine
the groove geometry with the inventive method. When the layer
thicknesses are as stated, when the measured and calculated
reflection curves are consistent in accordance with Figure 4, a groove
15 depth that results is t = 47.2 nm and the groove width that results is b =
362.4 nm. In this embodiment of the method, the spectral information
on the groove geometry, which information is contained in the
reflectance, is reinforced by the applied layers.
In accordance with an additional exemplary embodiment of an
20 inventive method, it is also possible to determine the groove geometry
over the surface of an entire CD in a localized manner.
Figure 5 illustrates one measurement result for determining the
groove depth t over a polycarbonate blank that has grooves. No layers
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the inventive methods are used directly—ea—ttie produced products to
determ ne the actual values. These actual val es, Al e then directly used to
provi de new correcting vari abl es, ThisSheelgs Yo times, sputter 15

rates, as well as pressures, tenper _ \%ﬁ i\8Hs flows during the
production process in the productio ot 1 1| e inventive nethod nakes
It possible to input target values into the production process, which

val ues are then achieved via the closed loop. Since in the case of
production of opticare dppliedrésiithe blankaddBasezh onothehdiflepgroest n thenegsesg 20
the groove geonetries are also determned with the inventive nethod, in

this manner the quaddgtis ®lovehthes siiFaderbPheOsulatratik St 18 fdbsite t6 easBIyT drtd
structures can also be controlled, that is the quality of the nolding

process can be cont&iolhffhentify production errors during the injection molding of the

substrates or blanks.

5 The inventive method and a measuring device based on said
method can be used with great advantage in production facilities for
optical storage media. The reflection and/or transmission light intensity
values are resolved spectrally, measured in the zero order of
diffraction, and either the layer thicknesses and the groove geometry

10 are calculated simultaneously therefrom or, if the groove geometry is
known, the layer thicknesses are determined. When the actual values
of the layer thicknesses calculated in this manner deviate from the
target values, the values for the correcting variables in the production
facility, for instance the sputter rate and/or the sputter time, can be

15 subsequently determined or adjusted and forwarded to the production
facility.

The invention was explained in the foregoing using preferred
exemplary embodiments. However, for one skilled in the art, variations
and embodimenis are possible without departing from the inventive

20 thought. It is also possible to employ the inventive method using
transmission measurements instead of the reflection measurements

used in the exemplary embodiments described in the foregoing.
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Lit Trnsl of |PER Changed Pages - Dr. Rolf Hertling, et al - Steag Hama

Tech AG - Az. 2657 A special case for the inventive process i s when the
substrates..do not have a geonetric structure, that is, only the |ayer

t hi cknesses are neasured and/or regul ated. Preferably the substrates are
bl anks for ‘@atsaeesmasmsgaepl&eﬁa 5 such as CDs, whereby the

geonetric sty IS ormed as channels or grooves in the blank, and at
least one i nfiHiHEIN Eg ying layer is applied to these blanks. The

i nformati on-carryl i s preferabl Patentetlaimsal | oy that can be nodified
by the energy froma beamof |ight between two phases. The

informati on-carrying layer is

1. Method for determining the thickness of at least one layer provided

on a substrate by measuring reflection and/or transmission light

5 intensity values of zero order of diffraction as a function of the
wavelength and by calculating the reflection and/or transmission light

intensity values using an iteration model that depends on the individual

layer parameters, whereby said layer parameters are modified to effect
correspondence between the measured values and the calculated

10 values, and whereby said substrates have geometric structures, the
geometric dimensions of which are used as additional parameters of

said iteration model.

2. Method in accordance with claim 1, characterized in that
16 interferences that occur due to said geometric structures are used for

additional parameters.

3. Method in accordance with claim 1 or 2, characterized in that the
geometric dimensions of said structures are determined.

20
4. Method in accordance with any of the preceding claims,
characterized in that the calculated data for the layer thicknesses (n)
and/or geometric structures are used for regulating production

- 14-
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10 ° preferably fornmed between two buffer |ayers. The invention is
explained in nore detail in the follow ng using exenplary enbodi nents with
respect to the figures. Fig. 1 is a schematic representation of an optical
data storage nedium in which the inventive process is enployed; 15

Figures 2 through 4 are diagrams in which the reflection light intensity
val ues are applied over the wavel ength; and, Fig. 5 is an exenplary

embodi ment for determning the locally anal yzed di nmensi ons of the substrate
structures. Figur erdcéssesisor @ipplyinghat deastcone daysr to acsubsiate andiwafsire, and
re- 20 witable CD, also known as a CD-RW The follow ng | ayers

of "l ayer system ZdQOSIoPFP@éLfHétrEié Sidig@e. sputtering in this order to a
substrate 1 nade of polyCarbonate with the thickness do:

5. Method in accordance with any of the preceding claims,

5 characterized in that the substrates are blanks for data storage media.

6. Method in accordance with claim 5, characterized in that geometric

structures are embodied as channels in said blank.

10 7. Method in accordance with any of the preceding claims,

characterized in that at least one layer is an information-carrying layer.

8. Method in accordance with claim 7, characterized in that said
information-carrying layer is a metal alloy that can be modified by the

16 energy from a beam of light between two phases.

9. Method in accordance with claim 7 or 8, characterized in that said

information-carrying layer is embodied between two buffer layers.

20 10. Method in accordance with any of the preceding claims,

characterized by use during the manufacture of optical data storage

media. :
This Sheet Has Been Replaced

. (L
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a first buffer layer 3 nade of a dielectric material and of a |ayer
t.hickness d[err] that preferably conprises a netal oxide conpound; - 8- Lit
Trinsl of | PER Changed Pages - Dr. Rolf Hertling, et al - Steag Hama Tech AG
- '‘Az. 2657 an information-carrying layer 4, with the layer thickness d2,
that conprises a netal alloy and that can alternate between two phases by
nmeans of the energy of a |laser beamand that is therefore also called a
fast-change | ayer; a second buffer layer 5 with the |ayer thickness d3 5
that is also dielectric METHORFORDETERMNINGIHE TiHICGKNBSSdaF conmpound; a
fourth lTayer 6 with a layer {AWYER®PROMIDERONASUBSTRATE

The invention relates to a method for determining the thickness

5 of at least one layer on a substrate.

When applying layers to a substrate, it is necessary that a
certain layer thickness must be created or maintained. This is
particularly true for the manufacture of storage media, in particular
optical data storage media such as CDs, CD-Rs, DVDs, CD-RWs,

10 DVD-RWs, MOs, and other data storage media to which different
layers, such as information carrier layers, protective layers, or reflection
layers, are applied. Known for measuring the layer thicknesses for
quality control and during the production process are various layer
thickness measurement processes, but these processes cannot be

15 employed on grooved substrates. For determining groove geometry,
reflection and/or transmission are measured for various orders of
diffraction. However, such measurement processes with higher orders
of diffraction of the light require more complex measurement
equipment and calibration measures. It is not possible, or it is only

20 possible with limited accuracy, to measure the layer thicknesses if the
substrate itself has structures such as troughs that in optical storage
media, for instance, are called grooves and that are required for
writing, reading, and/or deleting data.

Known from DE-A-42 28 870 is calculating layer thicknesses

25 from reflection/spectrometric data compared to parameter-dependent

-1-
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metal .or a netal alloy and that draws off the energy fromthe | aser beam
that is required for witing. The two buffer layers 3 and 5 protectively
encl ose the information-carrying layer 4 and in addition 10

optimally control the optical properties of the CDORWw th respect to
intensity and phase difference of the reflectance between the witten and
unwritten condition. The | ayer thicknesses of the layers 3 through 6 in
this exenplary enbodi nent have the foll ow ng values: dlerr] = 96.0 nm
dlerr] = 20 to 25 mmodel[oalculationddhbwever, geometticstiefures oh3he sarfadd of the
Formed in the substrate 1 are so-called grooves 7, whereby in the

i 1lustrated exenpl aypsERROGhdBAEathitRE 1dy2 aré At intlided, depth is t = 40 nm
their width is b =570 nm and their periodic interval a to each other =

1600 nm The quality of \gugh, $ff REABH:B SEORUSmbHeelor AleRfinhfy

thickness of a layer in a layer system that is located on a substrate
5 surface that does not have geometric structures. In this known
method, geometric structures on the layer surface are not covered, nor
are geometric structures on the substrate surface.
Known from US-A-587 792 is an apparatus and a method for
measuring thickness, in which an interference wave shape dispersion
10 spectrum of light that is reflected on a multi-layer system is compared
to a wave shape that results from numerical calculation using an optical
characteristic matrix. In this method, structures on the layer surface
are not covered, nor are structures on the substrate surface.
Publication WO 99/31483 (not previously published) describes a
15 spectrometric method for determining thickness and combining layers
that are applied to integrated semi-conductor circuits during a
manufacturing process. This method does not cover structures on the
layers or semi-conductor component as additional parameters during
the calculation of reflection and/or transmission light intensity values
20 using an internation model.
The object of the invention is therefore to create a method that
provide a simple and reliable measurement process, provides reliable
measurements for its control and regulation, in particular even during

the layer application process, and also provides reliable measurements
-2
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20 . and mai ntaining the correct |ayer thicknesses in the |ayer
system 2 on the substrate 1. It is therefore necessary for the quality
coritrol and/or during the coating procedure in the in-line process to
determ ne as precisely as possible the thicknesses of each of the
i ndi vidual layers 3 through 6. This is achieved using the inventive
process, whereby a - 9- Lit Trnsl of |PER Changed Pages - Dr. Rolf
Hertling, et al - Steag Hama Tech AG - Az. 2657 beam of light 8 froma
light source 9 is & eubsicatperwithdstoucturest contaimeduthereint er formegh emdhei de
of the substrate 1 facing away fromthe applied |layer. During the
measur ement pr ocessutface tiwarebt regidnthat niakes it possible to determine the structure
geometry.
The object set forth is achieved in a method for determining the
5 thickness of at least one layer on a substrate by
measuring reflection and/or transmission light intensity
values of zero order of diffraction as a function of the wavelength,
by calculating the reflection and/or transmission light
intensity values using an iteration model in which the individual layer
10 parameters and the geometric dimensions of the geometric structures
of the substrate are included as further parameters, and
modifying the parameters to effect correspondence
between the measured and calculated values.
In contrast to the conventional measurement processes, the
15 inventive measures make it possible to correctly determine layer
thicknesses, even of substrates with structures, as is the case, for
instance, with CD blanks with grooves to which various layers must be
applied, each layer having subsequently determined layer thicknesses,
in order to manufacture optical data storage media. In addition, the
20 method, and in particular the measurement device provided therefor, is
very simple, because in the inventive method it is only necessary to
measure the reflection/transmission light intensity values of the zero

order of diffraction. This enables a very simple measurement

arrangement that in particular can be used in the manufacturing
- 3-
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beam of light 8 directed onto the substrate is nodified in a wavelength 5
range of approximately 400 to 1 100 nm Figure 2 illustrates a diagramin
whi ch the reflectance of a layer construction as illustrated in Figure 1,
for exanple, is shown as a function of the wavel ength of the radiated
light. In this exenplary enbodi ment, the substrate 1 is planar, that is, it
does not have any 10 grooves as shown in Figure 1. The curve 21
represents the cal cul ated refl ectance and the curve 22 the neasured

refl ectance. The rpbkess afider instareecapticad data canriers. t Fatthgrmpore, spldrating:d
optical nodels for a |ayer system Then the |ayer thicknesses and/or the

spectral material ppealRedfige rhethodndhanbieht belyr kjhtacdluge ofndero rddr bhe
absorption index k 15 in the case of a transm ssion nmeasurenent,

g;temég:]i ed W th eackrhioH! aré Omedshied!Nid |substrially MessY capRk |thaACiH eved
conventional processes. It is therefore possible to perform a wide
5 variety of measurement processes with a single measurement device,
as will be explained in more detail in the following.
in particular sample preparations are also no longer required
with the inventive method, since the thickness of layers that are or will
be applied to substrates with structures can be determined accurately
10 and reliably. The process is therefore also particularly employable
even during the manufacturing process, that is, it can be used in-line,
since thickness measurements and controls are possibie directly on the
produced products, such as optical data storage media.
Thus, in accordance with the inventive method, the transmission
15 light intensity values in reflection and/or transmission are measured
spectrally, that is, as a function of the wavelength. These
measurement values are then evaluated using optical calculations.
This approach is to calculate the reflection and/or transmission light
intensity values from optical models for a layer system and to vary in
20 every calculation step the layer thicknesses and/or the spectral
material parameters, e.g., the refraction indices (n) and/or the
absorption indices (k) until the minimum deviation between
measurement and calculation is achieved. Thus a layer thickness

control is possible, and therefore monitoring of the opticail properties of
- 4-
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measur enent and cal cul ati on, as shown in Figure 2. Resulting fromthis
process are the thicknesses of the layers 3 through 6, with d[err] =9
nm> d2 = 20.1 nm d3 = 24.0, and d4 = 130.0 nm 20 When

this process described in the foregoing is applied to | ayer systens 3 that

are or will

be applied to substrates 1 with grooves or channels 7,

| edds to incorrect and unacceptable results, as shown in Figure 3. It
| onger possible to obtain satisfactory consistency - 10- Lit Trnsl of
Changed Pages - Dra l@ygrisystemiamg,substrale witlsistragturesris messiblacior ipstancgs7
bet ween cal cul ated refl ection values and the curve 32 for the

10

15

20

for CDs with grooves.

In accordance with preferred embodiment of the invention,
interferences that occur due to the geometric structures are used for
additional parameters. The inventive method in accordance with this
embodiment is based on calculating inphase overlap of
electromagnetic partial waves on the structures, for instance, on the
grooves of the substrate or blank, and therefore on the interferences of
these partial waves. By varying the parameters, the width and depth of
the structures, for instance the channels or grooves, can be included in
the measurement process. It is not possible to achieve optical
consistency between measurements and calculation unless the
structure parameters, the width, the depth, and/or the intervals
between the sfructures or channels is consistent with that of the
channels on the measured sample.

Due to the spectral dependence of the changes in the reflection
and/or transmission light intensity values based on the structures, that
is, the channels or grooves, compared to the light intensity values
without structures, the information on the structure parameters, for
instance the width, depth, and interval between channels or grooves, is
already contained in the light intensity values of zero order of
diffraction.

In accordance with a particularly advantageous embodiment of

the invention, the geometric dimensions of the structures are
-5-
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measured reflection values of the curve 31. In order to achieve
satisfactory results and also to be able to measure reliably the layer

t hi cknesses in | ayer systens on substrates 5 wi th grooves, in
accordance with the invention the light |osses in perpendicul ar incidences
on the sanple are taken into account, whereby these |light | osses occur due
to the grooves in the substrate. In accordance with the invention,
preferably the i nphase overlap of el ectromagnetic partial waves at the
grooves are cal cul atietérmived, tthat ig,0for instance, théedepthnivddiherandfer iisterval

cal cul ated. Thus in this exenplary enbodiment the width b and the depth t

of the grooves 7 arg HqJ ﬁﬁ{d&g&gfldﬁoém VIhbad géﬁﬁ%é!ﬁcfd"}ﬁeﬁﬁbﬁg%ﬂrﬁe The

consi stency of the cal cul at reflection curve 4 h t he nmeasured

reflection curve 42.% b3kt PreSiaBf ot the shiv@4infe gs thd'Bbterindtidhi of the layer

thicknesses. In this manner it is possible to monitor and control the
5 quality of the molding process, for instance during production of optical
storage media. For the special case in which no layers are applied to
the substrate, that is, the layer thicknesses are zero, the measurement
values for the geometric dimensions of the structures result, whereby it
is thus possible to perform localized measurements of these geometric
10 structures over the entire substrate surface in order thus to rapidly
detect production errors. during the production of substrates, for
instance during injection molding of CD substrates.
In a very advantageous additional embodiment of the invention,
the calculated data for the layer thicknesses and/or geometric
15 structures are used for regulating production processes for applying at
least one layer to a substrate and/or for developing substrate
structures. The inventive method is particularly well-suited for in-line
employment since in the inventive method only the light intensities of
the zero order of diffraction need to be measured, and therefore neither
20 the measurement apparatus nor the calibration is very complex, and
since a wide variety of measurement options are possible with a single
measurement apparatus, for instance layer thickness measurements
alone or in combination with the geometric dimensions of the substrate

structures, or the geometric dimensions of the substrate structures
-B-
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15 . consi stency between nmeasurenent and cal cul ation, results when
the wwdth b and the depth t of the grooves 7 are consistent with the width
b and the depth t of the groove on the neasured sanple. In one exenplary
enbodi ment, when the geonetry of the grooves is not known, the inventive
method is used to determ ne 20 paraneters in the |ayers 3 through
6 as follows: groove depth t = 40.5 nm groove width b = 501.0 nm and

t hi cknesses d[err] = 95.0 nm d[err] = 20.6 nm d[err] = 22.9 nm and d4 =
130 nm In the exermploaey Fhibaneamsntiat fduring pragectionysh then dhtical dataCiarriers)|
described in the foregoing, the |ayer 3 conprised ZnSSi ox, |ayer 4 - 11-

'Il_'ietchT,rAgS[ Zfz. | §E5R7q’éﬁnﬁ§€brﬁégeﬁring Bhe Mahbifadkire! dMSubstfatal, whehesgbdtd
structures are being developed, or during coating of the substrate with
pre-specified layer thicknesses, the inventive method can be directly

5 employed and can be used for regulating and controlling the production
process. Thus the data calculated with the inventive method for the
layer thicknesses and/or the substrate structure are used for
subsequently determining the values for correcting variables in the
production facility. In this manner the course of production can be

10 automatically adjusted, controlled, and regulated.

In the case of production of optical data carriers such as CDs,
the inventive methods are used directly on the produced products to
determine the actual values. These actual values are then directly
used to provide new correcting variables, such as sputter times, sputter

15 rates, as well as pressures, temperatures, and gas flows during the
production process in the production facility. The inventive method
makes it possible to input target values into the production process,
which values are then achieved via the closed loop. Since in the case
of production of optical data media, in addition to the layer thicknesses,

20 the groove geometries are also determined with the inventive method,
in this manner the quality of the substrates or blanks with the geometric

structures can also be controllied, that is the quality of the molding

process can be controlied.

-7-
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conprised Agl nSbTe, layer 5 conprised ZnSSi ox, and | ayer 6 conprised ALTi.
These | ayers were |ocated on a substrate or blank 1 that had grooves 7 and
t hat conprised pol ycarbonate. However, it is also possible to determ ne the
groove geonetry of 5 the substrate initially independently from
the |l ayer thicknesses in order to |l earn the groove geonetry. In accordance
wth this, first the |ayer thickness is neasured in accordance with the

i nventive method. In the |layer systemused in the exenplary enbodi nent
descri bed in the foregoi Agspecial cabe foratherinvéntivierprogésssisvwaben thee sybstoates
geonetry is 10 known, where t = 41 nm b = 485 nm and a = 1600

g[ner ﬁ ]he:| %erl L m Cg?gfﬁ%a&éea Feohti®vhruetard, that B! daly thel el thickifeseesm
are measured and/or regulated.
Preferably the substrates are blanks for data storage media
5 such as CDs, whereby the geometric structures are formed as
channels or grooves in the blank, and at least one information-carrying
layer is applied to these blanks. The information-carrying layer is
preferably a metal alloy that can be modified by the energy from a
beam of light between two phases. The information-carrying layer is
10 preferably formed between two buffer layers.
The invention is explained in more detail in the following using
exemplary embodiments with respect to the figures.
Fig. 1 is a schematic representation of an optical data storage
medium, in which the inventive process is employed,;
15 Figures 2 through 4 are diagrams in which the reflection light
intensity values are applied over the wavelength; and,
Fig. 5 is an exemplary embodiment for determining the locally
analyzed dimensions of the substrate structures.
Figure 1 illustrates the structure of a readable, erasable, and re-
20 writable CD, also known as a CD-RW. The following layers of layer
system 2 are applied by cathode sputtering in this order to a substrate
1 made of polycarbonate with the thickness do:
a first buffer layer 3 made of a dielectric material and of a layer

thickness ds that preferably comprises a metal oxide compound;
- 8-
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=21.3 .nm and d4 = 100 nm In accordance with an additional exenplary
enbodi nent of an inventive nethod, it is also possible to determ ne the
groove geonetry 15 over the surface of an entire CDin a

| ocal i zed manner. Figure 5 illustrates one neasurenent result for

determ ning the groove depth t over a polycarbonate bl ank that has grooves.
No lI'ayers are applied to the blank. Based on the differences in the groove
depths t over the surface of the substrate, it is possible to rapidly and
20 si npl yandinfoination-caindng dayenr dor withiuthendayen ethickness i dn thatdi ng
of the substrates or blanks. The inventive nethod and a neasuring device
based on sai d met hogogipfisealheml Bildyasd eait cag\sMermae betweemtus phases by

facilities for optical storage nmedia. The reflection and/or transni ssion
light intensity means of the energy of a laser beam and that is therefore also called a
fast-change layer; a second huffer layer 5 with the layer thickness ds
5 that is also dielectric and preferably comprises a metal oxide
compound; a fourth layer 6 with a layer thickness d4 that comprises a
metal or a2 metal alloy and that draws off the energy from the laser
beam that is required for writing. The two buffer layers 3 and 5
protectively enclose the information-carrying layer 4 and in addition

10 optimally control the optical properties of the CD-RW with respect to
intensity and phase difference of the reflectance between the written
and unwritten condition. The layer thicknesses of the layers 3 through
6 in this exemplary embodiment have the following values: d4 = 96.0
nm, d> = 20 to 25 nm, d3 = 24.0 nm, and d; = 100 to 130 nm.

15 Formed in the substrate 1 are so-called grooves 7, whereby in
the illustrated exemplary embodiment, for instance, their depth is t = 40
nm, their width is b = 570 nm, and their periodic interval a to each other
= 1600 nm.

The quality of such storage media depends largely on selecting

20 and maintaining the correct layer thicknesses in the layer system 2 on
the substrate 1. It is therefore necessary for the quality control and/or
during the coating procedure in the in-line process to determine as
precisely as possible the thicknesses of each of the individual layers 3

through 6. This is achieved using the inventive process, whereby a
-0-

Lit Trnsl of IPER Changed Pages — Dr. Rolf Hertling, et al — Steag Hama Tech AG - Az. 2657



- 12- Lit Trnsl of |PER Changed Pages - Dr. Rolf Hertling, et al - Steag
Hama Tech AG - Az. 2657 val ues are resol ved spectrally, neasured in the
zero order of diffraction, and either the layer thicknesses and the groove

geonetry are cal cul ated sinultaneously therefrom or,

if the groove geonetry

I's known, the |ayer thicknesses are determ ned. When the actual values 5

of the layer thicknesses calculated in this manner deviate fromthe target
val ues, the values for the correcting variables in the production facility,
for instance the spbeamrof ighd &ifrdhoa light sepraet 8ris diraetedcperpendiculas dgubet | y

determ ned or adjusted and forwarded to the production

10

15

20

substrate 1 from the side of the substrate 1 facing away from the
applied layer. During the measurement process the wavelength of the
beam of light 8 directed onto the subsirate is modified in a wavelength
range of approximately 400 to 1100 nm.

Figure 2 illustrates a diagram in which the reflectance of a layer
construction as illustrated in Figure 1, for example, is shown as a
function of the wavelength of the radiated light. In this exemplary
embodiment, the substrate 1 is planar, that is, it does not have any
grooves as shown in Figure 1. The curve 21 represents the calculated
reflectance and the curve 22 the measured reflectance. The
reflectance is calculated from initially pre-specified optical models for a
layer system. Then the layer thicknesses and/or the spectrai material
parameters, for instance the refractive index n or the absorption index k
in the case of a transmission measurement, are varied with each
calculation step until a minimum deviation is achieved between
measurement and calculation, as shown in Figure 2. Resuilting from
this process are the thicknesses of the layers 3 through 6, with d4 =
96.0 nm, d> = 20.1 nm, d3 = 24.0, and d4 = 130.0 nm.

When this process described in the foregoing is applied to layer
systems 3 that are or will be applied to substrates 1 with grooves or
channels 7, this leads to incorrect and unacceptable results, as shown

in Figure 3. It is no longer possible to obtain satisfactory consistency

-10-
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facility. 10 The invention was explained in the foregoing
using preferred exenplary enbodi nents. However, for one skilled in the art,
vari-ati ons and enbodi nents are possi ble w thout departing fromthe

i nventive thought. It is also possible to enploy the inventive method using
transm ssi on neasurenents instead of the reflection neasurenents 15

used in the exenplary enbodi nents described in the foregoing. - 13- Lit
Trnsl of | PER Changed Pages - Dr. Rolf Hertling, et al - Steag Hama Tech AG
- Az. 2657 Pat enbetweemscalculated reflection values and the curve 32 for the

measured reflection values of the curve 31.
in order to achieve satisfactory results and also to be able to
measure reliably the layer thicknesses in layer systems on substrates
5 with grooves, in accordance with the invention the light losses in
perpendicular incidences on the sample are taken into account,
whereby these light losses occur due to the grooves in the substrate.
In accordance with the invention, preferably the inphase overlap of
electromagnetic partial waves at the grooves are calculated, and thus
10 their interference is calculated. Thus in this exemplary embodiment the
width b and the depth t of the grooves 7 are also included in the
variations of the parameters.
The consistency of the calculated reflection curve 41 with the
measured reflection curve 42 that can be seen in Figure 4, that is, the
15 consistency between measurement and calculation, results when the
width b and the depth t of the grooves 7 are consistent with the width b
and the depth t of the groove on the measured sample.
In one exemplary embodiment, when the geometry of the
grooves is not known, the inventive method is used to determine
20 parameters in the layers 3 through 6 as follows; groove deptht =40.5
nm, groove width b = 501.0 nm, and thicknesses d{ = 95.0 hm, d; =
20.6 nm, d3 = 22.9 nm, and d4 = 130 nm.
In the exemplary embodiments for a layer system 2 for a CD-

RW described in the foregoing, the layer 3 comprised ZnSSiox, iayer 4
-41-
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1. Met hod for determ ning the thickness of at |east one |ayer (3 to 6) on_
a substrate (1) that has geonetric structures (7) that lead to diffraction
of I'ight, by 5 - Measuring reflection and/or
transm ssion light intensity values of zero order of diffraction as a
function of wavel ength, Calculating the reflection and/or transm ssion
light intensity values using an iteration nodel in which the 10
i ndi vidual | ayer paranmeters and the geonetric di nensions of the geonetric
structures (7) of tbemprbsd r AginSble, alayer nE| comgrisad f Zin$8iox, pandintayer s and
- Mdifying the paraneters to effect correspondence between the neasured
cal cul ated val ues. comprised ALTi. These layers were located on a substrate or blank 1
that had grooves 7 and that comprised polycarbonate.
However, it is also possible to determine the groove geometry of
5 the substrate initially independently from the layer thicknesses in order
to learn the groove geometry. In accordance with this, first the layer
thickness is measured in accordance with the inventive method. In the
layer system used in the exemplary embodiment described in the
foregoing, for the layers 3 through 6 when the groove geometry is
10 known, where t = 41 nm, b = 485 nm, and a = 1600 nm, the layer
thicknesses are as follows in this order: dq =96.5 nm, d> = 17.1 nm, ds
=21.3 hm, and d4 = 100 nm.
In accordance with an additional exemplary embodiment of an
inventive method, it is also possible to determine the groove geometry
15 over the surface of an entire CD in a localized manner.
Figure 5 illustrates one measurement result for determining the
groove depth t over a polycarbonate blank that has grooves. No layers
are applied to the blank. Based on the differences in the groove
depths t over the surface of the substrate, it is possible to rapidly and
20 simply identify production errors during the injection molding of the
substrates or bianks.
The inventive method and a measuring device based on said

method can be used with great advantage in production facilities for

optical storage media. The reflection and/or transmission light intensity
-12-
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15 . 2. Met hod in accordance with claim1, characterized
In that the geonetric dinensions of said structures (7) are determ ned. 3.
Met hod in accordance with any of the preceding clains, characterized in
that the calculated data for the |ayer thicknesses (n) and/or geonetric
structures (7) are used for regul ating production 20 processes
for "applying at |l east one layer (3 to 6) to a substrate (1) and/or for

devel opi ng substrate structures (7). 4. Met hod in accordance with any of
the precedi ng cl ai nvaluebaceet msoled ispectrally, t measutext rint ¢he (28roarcedérn afks
for data storage nedia. 5. Method in accordance with claim4, characterized

" rlrg TléicL X&n_ﬂ Agf ggggcﬁmmdeiﬁ@%e-laﬁr- thRRkhEsddy hhd Mige gedovd geometrag
are calculated simultaneously therefrom or, if the groove geometry is
known, the layer thicknesses are determined. When the actual values

5 of the layer thicknesses calculated in this manner deviate from the
target values, the values for the correcting variables in the production
facility, for instance the sputter rate and/or the sputter time, can be
subsequently determined or adjusted and forwarded to the production
facility.

10 The invention was explained in the foregoing using preferred
exemplary embodiments. However, for one skilled in the art, variations
and embodiments are possible without departing from the inventive
thought. It is also possible to employ the inventive method using

transmission measurements instead of the reflection measurements

15 used in the exemplary embodiments described in the foregoing.
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I n that geonetric structures (7) are enbodied as channels in said blank 6

Method in accordance with any of the preceding claims, characterized in

t hat- at | east one layer (3 to 6) is an information- 55— ing

| ayer. 7. Met hod in accordance with claim6, charac i zed in that said
I nformation-carrying layer (4) is a netal alloy that cf#g If t he
energy froma beam of |ight between two phases. 8. mmﬂgnce
with claim6 or 7, characterized in 10 t hat sai

i nformation-carrying layer (4) is enbodi Patdntclams two buffer |ayers (3,5).

1. Method for determining the thickness of at least one fayer
(3 to 6) on a substrate (1) that has geometric structures (7) that lead to
diffraction of light, by
5 - Measuring reflection and/or transmission light intensity
values of zero order of diffraction as a function of
wavelength,
- Calculating the reflection and/or transmission light
intensity values using an iteration mode! in which the
10 individual layer parameters and the geometric dimensions
of the geometric structures (7) of the substrate (1) are
included as further parameters, and
- Modifying the parameters to effect correspondence
between the measured calculated values.
15 2. Method in accordance with claim 1, characterized in that
the geometric dimensions of said structures (7) are determined.
3. Method in accordance with any of the preceding claims,
characterized in that the calculated data for the layer thicknesses (n)
and/or geometric structures (7) are used for regulating production
20 processes for applying at least one layer (3 to 6) to a substrate (1)
and/or for developing substrate structures (7).
4. Method in accordance with any of the preceding
claims, characterized in that the substrates (1) are blanks for data

storage media. 5. Method in accordance with claim 4, characterized
- 14-
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9 Met hod in accordance wth any of the preceding clains, characterized
by use during the manufacture of optical data storage nedia. - 15- Lit

Trnsl of | PER Changed Pages - Dr. Rolf Hertling, et al - Steag Hama Tech AG
- Az. 2657

e

in that geometric structures (7) are embodied as channels in said
blank.

6. Method in accordance with any of the preceding claims,
characterized in that at least one layer (3 to 6) is an information-

5 carrying layer.

7. Method in accordance with claim 6, characterized in that
said information-carrying layer (4) is a metal alloy that can be modified
by the energy from a beam of light between two phases.

8. Method in accordance with claim 6 or 7, characterized in

10 that said information-carrying layer (4) is embodied between two buffer
layers (3,5).

9 Method in accordance with any of the preceding claims,

characterized by use during the manufacture of optical data storage

media.

— e

L

-15-

Lit Trnsl of IPER Changed Pages — Dr. Rolf Hertling, et al — Steag Hama Tech AG - Az, 2657



