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Cees W. M. Bastiaansémirk J. Broer¥ and Ulrich S. Schubert*

Laboratory of Macromolecular Chemistry and Nanoscience, and Polymer Technology Group,
Department of Chemical Engineering, Eindlem University of Technology and Dutch Polymer Institute
(DPI), PO Box 513, 5600 MB Eindlaen, The Netherlands

Receied August 25, 2005

A methodology for the rapid design, screening, and optimization of coating systems with surface relief
structures, using a combination of statistical experimental design, high-throughput experimentation, data
mining, and graphical and mathematical optimization routines was developed. The methodology was applied
to photopolymers used in photoembossing applications. A library of 72 films was prepared by dispensing
a given amount of sample onto a chemically patterned substrate consisting of hydrophilic areas separated
by fluorinated hydrophobic barriers. Film composition and film processing conditions were determined using
statistical experimental design. The surface topology of the films was characterized by automated AFM.
Subsequently, models explaining the dependence of surface topologies on sample composition and processing
parameters were developed and used for screening a virtual 4000-membered in silico library of photopolymer
lacquers. Simple graphical optimization or Pareto algorithms were subsequently used to find an ensemble
of formulations, which were optimal with respect to a predefined set of properties, such as aspect ratio and
shape of the relief structures.

Introduction regions swell and subsequently give rise to the desired relief

When Compared to classical |ithograp’||'yﬁor mechanical structures (Figure 12910The successful preparation of regular
embossing techniquégphotoembossing offers a new, ver- and well-defined relief structures is critically dependent on
satile, and simple alternative for the production of large- @ number of factors, such as lacquer composition, mask
scale/large-area relief structures in thin polymer fifims. period, exposure times and energies, and baking temperatures
Photoembossed substrates find wide applications in techno-and times.
logically diverse areas, but mainly in display technol8gy.  In a previous paper, we have shown how combinatorial
A typical photoembossing procedure is a simple and and high-throughput techniques can be used to investigate
straightforward process in comparison to, for instance, the influence of all of these variables on the surface topology
conventional lithography. In the first instance, a substrate is ysing both gradient and continuous librarftésdowever,
coated with a lacquer composed of a polymeric binder factors were mainly investigated using the one-at-a-time
(typically a polyacrylate), a multifunctional monomer, and \ariational principle: i.e., one factor was varied across the
a photoinitiator. After coating, a mask with a defined grating library, with the others being kept constant. Although the
size is appli_ed, and the co_ating is irradiated. '_I'his results in e of gradients allows the generation of a large number of
the generation of a latent image of the mask in the form of g55165 of different compositions in relatively short periods

fLee rﬁdmalﬁ in the coat||ng. _leglusn_)n of ﬁhed radlca_ls of time, their gradient nature also implies a high screening
throughout the coating, resulting in blurring or the destruction effort, particularly if the screening resolution is high. Discrete

of the Image, 1S prevepted by the glassy nat.ure of the Cc.)atmg'libraries are generally less compositionally diverse, with the

Relief structures are finally created by baking the coating at h | b f les h b

temperatures above the glass transition temperaiyyeof consequence that a large number of samples has to be
synthesized if a high resolution is desired. Whereas a one-

the lacquer. Polymerization occurs selectively in the irradi- . . .
9 y Y factor-at-a-time strategy enables the experimentalist to

ated areas of the lacquer, and the consumption of monomer . :
leads to a net flux 0? unreacted monomerri)c material from understand the fundamental role that each of the investigated

the nonirradiated areas to the irradiated ones. Suchadif“fusiorroaramEzte,rs plays ,W'thm a given system, ,th's approac-h
is made possible by the increased mobility of the entities necessarily results in a large number of experiments and will

enclosed in the polymer matrix by baking. The exposed NOt identify unknown synergies that may exist between

several factors. In the previous paper, a total of 220
* To whom correspondence should be addressed. Fax: 0031 40 247 4186 experiments was carried out, of which 132 experiments

E-mail: u.s.schubert@tue.nl. dthei tigati d timizati f fact that
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Upland, CA) for 30 min to remove any remaining organic
contamination.

Immediately after cleaning, the glass plates were spin-
coated with a layer of NFR-016D4 negative photoresist (JSR,
Tokyo, Japan) at 1000 rpm for 120 s using a Karl Suss RC8
spin-coater. The photoresist was dried on a hotplate at 90
°C for 120 s and exposed to broadband UV light (Philips)
for 5 min using a homemade steel mask. The sample was
subsequently baked at 9G for 5 min and, finally, developed
using TMA-238WA developer (JSR, Tokyo, Japan). The
substrate was cleaned thoroughly by flushing with deminer-
alized water and subsequently treated in at#"one reactor
(PR-100, UVP, Upland, CA) for 30 min. The substrate was
then coated with (tridecafluoro-1,1,2,2-tetrahydro-octyl)-
trichlorosilane (ABCR, Karlsruhe, Germany$)The UV—

A)

1

lluv

B) I Photomask

Increase T
C)

Figure 1. (A) Afilm is casted on a substrate and (B) subsequently . . .
exposed to UV irradiation using a mask of defined grating size, °©Z0N€ treatment in this case replaces the treatment with the

thereby forming a latent image of free radicals entrapped in the OXygen plasma. In a final step, the cross-linked photoresist
polymer matrix. Heating the sample (C) results in local polymer- was removed with acetone using ultrasonication. On each
ization of the monomer, resulting in a diffusive flux of unreacted of the substrates prepared in this manner, 14 samp|es

monomer toward the exposed regions, which in turn gives rise to can be deposited. The dried films have a size of:8.5.3
a relief structure. mm

Library Preparation. All libraries were prepared under

In this paper, we therefore aim to demonstrate how Class 100 clean room conditions. Small volumes of solution
statistical design of experiments coupled with extensive (3—13 uL) were deposited manually with a pipet (Brand
modeling can be used to (a) drastically reduce the numberTransferpette, Wertheim, Germany) onto a chemically pat-
of experiments that need to be carried out, (b) screen virtual terned substrate and allowed to dry under ambient conditions.
formulations, and (c) optimize formulation composition and Gratings were generated with a USHIO lithographic system
processing parameters. This is part of an ongoing strategy(filter at 365 nm) in combination with a rectangular
pursued in the Dutch Polymer Institute’s High-Throughput lithographic line mask (10k 20 mm), which was divided
Experimentation Cluster, which focuses on the developmentinto four sectors (101x 5 mm). The sectors differ in
of knowledge-based design strategies and the use of predicperiodicity of the lines (40, 20, 10, andu#n, respectively).
tive technologies for a more focused approach to high- The power that reached the sample was 5 mW<xAfter
throughput experimentatios. exposure, the grating was developed for 10 min on a hotplate
at 80 °C. Finally, the samples were flood-exposed for 10
min and heated to 88C for an additional 10 min to fix the

Materials. Polybenzyl methacrylatéV,, 70 kD; Scientific surface relief structure. On the final relief structure, this
Polymer Products) was used as binder, dipentaerythritol fixation step has virtually no influence.
penta/hexaacrylate (Sigma-Aldrich, Steinheim, Germany) as  Topography Characterization. Atomic force microscopy
multifunctional monomer, and Irgacure 369 (Ciba) as pho- (AFM) was used for the purpose of topography characteriza-
toinitiator. Isopropyl acetate (Acros Organics, Geel, Belgium) tion. A Solver LS (NT-MDT, Russia) instrument with an
and methylbenzoate (Fluka Chemika, Buchs, Switzerland) automated ¥ stage for positioning and a circular workspace
were used as solvents. Solutions of monomer, binder, andwith an accessible diameter of 15 cm was used. The
initiator in a 90/10% w/w mixture of isopropyl acetate/ Mmaximum scan size is 100 100 x 10um. In addition, the
methylbenzoate were prepared by gentle stirring. In the past,Solver LS has an integrated optical system with /An%-
it was shown that the latter solvent mixture is particularly resolution. Cantilevers with a spring constant of 5.5 N'm

Experimental Section

effective in suppressing ring formatidf.All solutions
contained 4.0 wt % solid material and were filtered through
5-um PTFE filters (Schleicher & Schuell, Dassel, Germany)
before use.

Substrate Preparation.Discrete libraries were prepared
using D263 glass plates, thickness 1.1 mm and %230

(NSGO01, NT-MDT, Russia) were used. All measurements
were performed in tapping mode.

To improve the quality of the data, four maximum size
scans per film were performed, yielding a total of 44 =
176 scans per library. Scans were situated at the edges of a
1 x 1 mm square, in the middle of the film. To reduce the

mm in size. The size of the glass plates was determined byeffect of scanner nonlinearity, the measuring time per scan
the size of the lithographic masks that will be discussed later. was at least 3 min; the total measuring time per library was,
Glass plates were cleaned by ultrasonication in acetone fortherefore,~9 h. The roughness was analyzed with the aid
5 min, rubbed with sodium dodecy! sulfate solution, ultra- of integrated software tools based on the set of statistic
sonicated in sodium dodecy! sulfate solution for 5 min, equations according to 1ISO4287/1 standard.

flushed with demineralized water to remove the soap, Computational Procedure.Design of experiments, data
ultrasonicated in 2-propanol, dried with an air flow, and analysis and optimization procedures were carried out using
subsequently treated in a B\bzone reactor (PR-100, UVP, the MS FAST package by Accelry3Data visualization and
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Monomer/Polymer Ratio relief height and the grating period. In a first step, the atomic
force microscope data were processed in such a way as to
produce an average one-dimensional surface ciifxe
Second, the first few Fourier series coefficients,

a.m — A*l If(x)e*(iZHm)(A) dX (1)

(where the integral occurs over one period) were determined.
Finally, a shape factor defined as

M
2 2
: g = > |ay]

0 g - 2 n=
Film Thickness ' ><___- W Photoinitiator Concentration S= )
(microns) I - )// O (wt %) M
e 2
N 10
o7 |an|
Figure 2. Candidate points in design space. n=

visual optimization were carried out using the Spotfire whereM, the maximum number of coefficients used for the
Decision Site packagé Because the number of experiments calculation, was computed (in practice we Mt= 5, since

that could be carried out was limited due to the complexity the higher Fourier terms were all nearly 0 for all the
of the sample preparation and the time available for the topologies in our samples). The shape fackwyas inspired
execution of the project, a D-optimal design (quadratic by the Michelson contradt,used in image processing and
model) was chosen. Design factors include the photoinitiator information displays, and has the following properties:
concentration (range-15%), the monomer-to-binder ratio  surface relief profiles very similar to a sinusoid will lead to
(range 0.5-1.5), and the thickness of the coating (range a value close to+1, whereas a lower value indicates
2—10 um). Because the ultimate goal of the design of deviation of the shape from a sinusoid. A value close-fo
experiment exercise is the optimization of film surface typically indicates the strong appearance of the shoulders at
topologies (i.e., maximum relief height and shape factor), a the edge of the relief plateaus (which are higher-order spatial
response surface design was required. The response variablesequencies). A value of 0.73 corresponds to an approxi-
were the relief height and the shape factor. Although the mately square shape, that is, a block wave.

relief height is a straightforward property measure of the  Models were developed using the genetic function ap-
photoembossed structures and defined as the difference irproximation tools implemented in MS FASY.Pareto
height between the medium parts of the irradiated and the optimizations were carried out using an optimization algo-
dark areas, the quantitative representation of the changingrithm also implemented in MS FAST.

film shapes of the photoembossed structures is not trivial.
In an attempt to assign a scalar measure to the shape of the
relief structure, we applied a Fourier analysis approach that Library Design and Screening Results.To investigate
leads to a “shape factor'S[, which is independent of the the response surface associated with the experimental factors

Results and Discussion
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Figure 3. Experimental screening data.
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Figure 4. Influence of the experimental factors on the (a) relief height and (b) shape factor.

monomer/polymer ratio (0-51.5), film thickness (210
um), and photoinitiator concentration {5 wt %), a D-
optimal design (quadratic model) was chosen. Within the
specified constraints, this led to 18 candidate points (Figure
2), including lack-of-fit and replicate points. These were
subsequently replicated over four different grating sizes (5,
10, 20, and 4@um), resulting in 72 datapoints in total. Due
to experimental expediency, the grating sizes were not treated :
as a design factor.
Once prepared, the photoembossed structures were char- ’
acterized by their relief height and shape factor. When
examining the data, a number of observations can be made
(Figure 3). First and foremost, it can be seen that high relief
heights preclude high shape factors and vice versa. Any
“optimized” lacquer formulation, in which the optimality
criterion involves both maximizing the relief height as well
as the shape factor will, therefore, necessarily be a compro-for example, that neither relief height nor shape factor vary
mise solution. This is supported by the observation that high as a function of grating size below a certain threshold.
relief heights are achieved using large grating sizes (pre- Furthermore, clear dependencies of the relief height on the
dominantly between 20 and 40m) and medium to large  monomer-to-polymer ratio and photoinitiator concentration
amounts of photoinitiator, as well as large film thickness, can be observed, which are, however, more complex than
whereas high shape factors and, therefore, sinusoidal patternthe data from the one-variable-at-a-time screening would
are more frequently achieved using smaller pitches and smallsuggest.
amounts of photoinitiator (Figure 4a, b). There is no  Model Development.Models accounting for the depen-
significant correlation between the shape factor and the film dence of the two response variables on the experimental
thickness. factors were developed using genetic function approximation
These observations are consistent with previous experi-(GFA) techniques.
ence. In the past, we have been able to show that, whereas Genetic function approximation uses genetic algorithms
sinusoidal surfaces can be achieved with small grating sizes,(GA) to determine the most important factors in a dataset
the use of 20- and 40m gratings leads to shoulder formation and subsequently uses these for the development of linear
at the edges of the irradiated area and, therefore, to a lowerindeast squares regression models. The method works by coding
of both the shape factor (deviation from sinusoidal shape) regions in parameter space, which are to be searched, into
and the relief height (Figure 3}.This phenomenon can be  strings. An ensemble of strings is called a population. Once
explained by overexposure of the lacquer: excessive crossthis has been done, selection, crossover, and mutation
linking as a consequence of radical-induced polymerization operations are performed, and members which have been
prevents unreacted monomer from diffusing into the center newly added to an equation are scored using a predefined
of the exposed surface. Instead, monomer accumulates ameasure of fitness, which is usually related to the fit of the
the edges, forming shoulders. Qualitatively, the screening prediction with the observed data. The procedure will be
data also confirm some of the other observations made incontinued until a calculation converges or it reaches a user-
the one-variable-at-a-time experiments: it could be shown, defined limit of cycles. To guard against overfitting, the

Figure 5. Deviation from a sinusoidal shape of a photoembossed
surface, prepared using a 481 grating.
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Table 1. Regression Equations and Validation Data Returned by the Genetic Function Approximation Pfocedure

significance of

equation R? RPadjusted R2¢/0ss-validated regressiorF value

1 RH= —344+ 43.20(GS)- 0.63(GS} + 61.90(PI)(MP) 0.689 0.676 0.640 53

2 RH= —703+ 119.00(FTH 43.20(GS)- 6.93(FT¥ — 0.755 0.738 0.702 43
0.63(GSJ + 59.50(P1)(MP)

3 RH= —131+ 14.10(GS} 61.90(PI)(MP) 0.626 0.615 0.581 61

4 S=0.921+ 0.022(PI)+ 0.009(GS)- 0.0001(GS) — 0.883 0.876 0.859 133
0.003(P1)(GS)

5 S=103— 0.0002(P1)(GS) 0.819 0.816 0.799 334

6 S=0.967+ 0.022(Pl)+ 0.002(GS)- 0.003(P1)(GS) 0.859 0.852 0.836 145

aRH = relief height;S= shape factor; GS grating size; P photoinitiator concentration (wt %); M® monomer/polymer ratio; FT
= film thickness (measured as the amount of lacquer solution deposited Xin

@ o Shape Factor
Relief Height {nm) pe

Photainitiator
Concentration (wt %)
a8

[ .

Photoinitiator S

Monamer/Polymer . Concentration (wi %) -
Ratio | :

Monomer/Polymer
Ratio
Colour by Grating Size (um) !
w5 @10 215 @20 w25 w30 &35 w40

Size by Film Thickness (ul deposited)
3 13
R R Y R I ]

Figure 6. In silico screening of virtual photoembossing formulations using regression models 2 and 4.

equations were scored using the Friedman lack-of-fit score, potential for overexposure (see above). The photoinitiator
which actively penalizes equations with large sum-of-squaresconcentration is correlated to the degree of cross-linking in
errors and large numbers of independent varialles. the lacquers and, therefore, to the ability of unreacted
The top three equations for both relief height and shape monomer to diffuse and build up the desired structures, which
factor resulting from the genetic function approximation are will, again, lead to deviations from sinusoidal shapes.
given in Table 1. Models perform adequately, and the fact Virtual Screening and Optimization. To investigate the
that R?, R%gjusted @aNdR%cr0ssvalidatedh@ve very similar values  whole response surface associated with the experimental
suggests that the models are stable. It can be seen that thé&actors and the grating size, we constructe¢000 virtual
relief height is crucially dependent on the grating size, the formulations through systematic variation of the factors
photoinitiator concentration, and the monomer-to-polymer within the upper and lower validity limits of the regression
ratio. One model also seems to imply an influence of the models. Subsequently, relief heights and shape factors were
film thickness on the relief height. A quadratic interaction predicted using models 2 and 4. The results are shown in
between photoinitiator concentration and monomer to poly- Figure 6. Such a procedure produces a relatively fine-grained
mer mass ratio is clearly observed, which accounts for the response surface, which serves to confirm some of the
influence of reaction kinetics on the final relief height. Again, previous observations (Figure 7). The curved nature of the
this is consistent with previous experience, because it couldsurface makes it much easier to see how high shape factors
be demonstrated that the relief height is dependent on all ofand large relief heights seem, to a certain degree, to be
these variables except for the film thickness: single-factor mutually exclusive.
experiments seem to suggest that there is only a relationship Due to the very fine-grained nature of the surface, it is
between relief heights and film thickness, if large grating possible to perform a simple optimization-by-filtering given
sizes (20 or 4(xm) are used. Therefore, this factor is clearly a set of defined performance criteria. This removes all of
less important in determining the relief height and appears those formulations that do not conform to the predefined
less frequently in the regression models. In terms of the shapecriteria. Formulations that remain are “optimal” solutions
factor, all models agree that only the photoinitiator concen- with respect to predefined property/performance criteria. For
tration and the grating size are of importance. Again, this is the purposes of this study, this meant trying to maximize
consistent with prior experience: large grating sizes lead to both the shape factor and the relief height at low grating
deviation from the desired sinusoidal shape due to the sizes. In numerical terms, formulations with shape factors
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Figure 7. Relief height vs. shape factor for virtual formulations based on predictions by regression models 2 and 4.

Relief Height {(nm)
F |
|
Colour by Grating Size (um)
) w5 1015 w20
@ ‘-. : W25 @ 30 = 35 40
| \ Size by Film Thickness (pl deposited)
3 13
| cso00d
= Phatoinitiater
& ’ ! . Concentration (wt %)

Monomer/Polymer
Ratio

Figure 8. Optimized solutions resulting from “graphical optimization.”

higher than 0.95, relief heights in excess of 600 nanometers,size lead to predicted relief heights ©605-520 nm @60

and produced using grating sized0 um were considered nm). The physical rationalization of these results probably
to be “optimal”. Multicriteria filtering gave a small set of consists of a combination of mutually reinforcing effects,
optimal solutions, which conform to all of these requirements consistent with previous experience. In the past, it could be
(Figure 8). All solutions fall within a narrow composition  shown that small grating sizes of 5 and 4@ are conducive
and processing parameter range and can, for practicalto achieving high shape factors by avoiding “overexposure”
purposes, be considered to be identical (Table 2). To achieveand, therefore, shoulder formatiéh.High amounts of
both high shape factors and relief heights, high photoinitiator photoinitiator concentrations in the system will lead to the
concentrations (5 wt %), medium to large film thicknesses generation of a large number of radicals upon exposure to
(8—13uL), and high monomer-to-polymer mass ratios (1.86) light. When coupled with a high monomer-to-polymer ratio
are required when using gratings of 4. Gratings of 5zm (i.e., a high concentration of reactive monomer), this will
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Table 2. Optimized Photoembossing Formulations Using a Graphical Optimization Procedure

relief height shape factor
predicted

photoinitiator grating size film thickness monomer/polymer  predicted estimation estimation

concn (wt %) (eem) (uL deposited) ratio (nm) error (nm) predicted error
45 10 7 1.74 623.1 51.7 0.977 0.007
45 10 8 1.74 637.9 52.6 0.977 0.007
45 10 9 1.74 638.8 51.6 0.977 0.007
4.5 10 10 1.74 625.8 49.1 0.977 0.007
5 10 5 1.74 603.9 50.8 0.975 0.008
5 10 6 1.74 646.3 53.6 0.975 0.008
5 10 7 1.74 674.9 55.8 0.975 0.008
5 10 8 1.44 600.4 49.9 0.975 0.008
5 10 8 1.74 689.7 56.7 0.975 0.008
5 10 9 1.44 601.3 48.9 0.975 0.008
5 10 9 1.74 690.6 55.8 0.975 0.008
5 10 10 1.74 677.6 53.6 0.975 0.008
5 10 11 1.74 650.8 50.9 0.975 0.008
5 10 12 1.74 610.1 49.8 0.975 0.008

Relief Height (nm)

A

Monomer/Polymer 4~ : -
Ratio ’ - “e s : - Photoinitiator
- ; - Concentration (wt %)

Colour by Grating Size (um)

8139 35,25

Size by Film Thickness (ul deposited)
1254

+o 0000

Figure 9. Pareto-optimal surface for photoembossing lacquers.

ensure a high cross-linking density as well as a sufficient to maximize both relief height and shape factor. Again, a

flux of unreacted material. Both of these phenomena will simple filtering operation can now be used to find those

be crucial in attaining a satisfactory relief height. points on the Pareto surface that fulfill predefined criteria,
Tradeoff or “Pareto” optimization is an alternative ap- such as grating size and shape factor. The best solution found

proach to finding optimal solutions. During a Pareto opti- in this way is a formulation consisting of 4.64 wt %

mization, multiple properties of a system are simultaneously photoinitiator, a monomer/polymer ratio of 1.47, a film

optimized, without disadvantaging any single property in the thickness of 104L deposited), and irradiated using a 10-

process. For a two-dimensional space, such solutions fall onum grating. The predicted relief height is 570 n#4®G nm)

a curve; for am-dimensional space, points would be located with a shape factor of 0.9724.008). The results show that,

on ann—1-dimensional surface. Points on a Pareto-optimal in this case, Pareto optimization and simple optimization-

surface/curve have the best possible combination of proper-by-filtering give similar results, given a set of common

ties, whereas for all other points in space, there is at leastconstraints.

one point on the surface which is as good or better in terms Experimental Verification. To confirm the optimized

of properties or performance. Figure 9 shows all possible solutions as “hits”, control experiments would normally be

Pareto-optimal solutions for the present system within the carried out at this stage. However, upon reexamination of

validity constraints of models 2 and 4. Optimizer targets were the screening data, we have found that some of the candidate
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Table 3. Screening Data Close to Optimal Solutions

Journal of Combinatorial Chemistry, 2006, Vol. 8, No. 291

photoinitiator grating film thickness ~ monomer/polymer relief relief height shape factor
concn (wt %)  size um) (uL deposited) ratio height (nm) error (nm) shape factor error

5 10 13 1.86 544 16 0.96 0.02

5 10 8 1 530 66 0.96 0.01

3 10 8 1.86 526 10 0.97 0.02

points in the original experimental design already come
extremely close to optimal solutions predicted by graphical
or Pareto methods (Table 2, Table 3). Graphical optimization
predicts a formulation consisting of 5 wt % of photoinitiator,
a monomer/polymer ratio of 1.44, and a “film thickness” of
8 uL deposited and irradiated using a 401 grating to have

a relief height of 600.4 nm=£49.9 nm) and a shape factor
of 0.975 (0.008). One of the screening candidate points
showed a relief height of 530 nmt66 nm) and a shape
factor of 0.96 £0.001) for a composition, which differs only

in the monomer/polymer ratio, with the screening point
having a value of 1, as opposed to 1.44 for the virtual
formulation. Taking into account the estimated prediction
as well as the relatively large measurement errors, it is

topographies 0f4000 virtual formulations, which could thus

be screened in silico. The resulting fine-grained response
surface was used to find ensembles of formulations, which
are optimal with respect to a predefined set of performance
criteria (maximize relief height, shape factor0.95, grating
sizes not larger than 1@m) using a simple, graphical
optimization procedure. In an alternative optimization ap-
proach, a Pareto algorithm was used, which, once the above
constraints were applied, allowed us to come to the same
conclusions as the simple graphical optimization.

It was demonstrated that a combination of experimental
design, high-throughput experimentation, and virtual screen-
ing and optimization can significantly reduce the number of
experiments that need to be carried out during a discovery

believed that these results are in good agreement. Furtherand optimization campaign, leading to more efficient R&D

more, we showed in a previous publication that small
differences in composition or processing conditions, such
as those observed between the predicted “optimal” points
and the experimentally evaluated points, will not have a
significant effect on either relief height or shape fadfor.
The predictions are, therefore, considered validated by
already existing screening data, and further experimental
investigations (which would, in effect, only be repeating
experiments which have already been performed) were

deemed unnecessary. However, it is important to stress that

this is purely accidental. Had the optimal criteria been
different and the definition of “optimal” been far away from
the design points, experimental verification would be manda-
tory.

Summary and Conclusions

A complete workflow for the rapid investigation and
optimization of photopolymer lacquers for photoembossing
applications, based on a combination of rational library
design and data-mining, combined with high-throughput

and, in a commercial context, ultimately to faster product
development.
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