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Abstract : The coating of plastics for optical applications is intended to improve the mechanical durability of soft polymers

and to serve an antireflection function. Usually a classic four2layer antireflection system is added on top of a single2layer

hard coating. With needle optimisation ,an alternative coating design has been developed. Plasma ion assisted deposition

was used to deposit coatings upon polymers. Uniform antireflection and high scratch resistance have been achieved.
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1　Int roduction

　　Injection moulded or hot2embo ssed polymer

optics will replace glass optics as long as im2
proved properties or lower cost s can be achieved

with the plastic part s. Highly t ransparent t her2
moplastic polymers offer significant weight re2
duction , cost saving and manufact uring advanta2
ges for optical component s. Coatings play an im2
portant role in t his develop ment . Optical inter2
ference coatings are required to p rovide a specific

optical f unction wit hin a desired spect ral range.

The most common applications are antireflection

(A R) coatings to increase the t ransmit ted light

or to avoid t he formation of“gho st pict ures”.

An alternative possibility to decrease t he re2
flection on polymer surfaces is the use of appro2
priate layers with decreasing effective index f rom

subst rate site to air . Such layers can be per2
formed by porous sol2gel coatings or by stochas2
tic and periodic surface st ruct ures. Periodic sub2
wavelengt h surface st ructures with antireflection

properties were first discovered in nat ure on t he

cornea of night2flying mot hs and because of t hat

t hey are called“mot heye st ruct ure”[1 ] . The first

artificial mot h eyes have been produced by t he

recording , in p hotoresist , of interference pat2
terns at the intersection of two coherent laser

beams[2 ] . Today , master st ruct ures on a surface

area of about 1 m2 can be produced in a complex

holograp hic optical p rocess[3 ] . This paper p res2
ent s a new met hod to produce antireflective sur2
face st ruct ures by applying an ion etching proce2
dure onto PMMA [4 ] .

2　Experimental

2. 1　Substrate materials

Some properties of the t hermoplastics t hat

are typically used for optics are shown in Tab. 1.

Besides several well2known types of Poly2met h2
ylmethacrylat ( PMMA ) and Poly2bisp henol2A2
carbonat ( Makrolon   , Lexan   ) high t ranspar2
ent Cycloolefin2Polymers ( COP , t rade names

Zeonex   or Zeonor   ) and 2copolymers ( COC ,

t rade name Topas   ) enter t he optical applica2
tions. Cycloolefin2 polymers are available on
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market for about ten years. They show excellent

optical p roperties and remarkable low water ab2
sorption. For applications at higher temperat ure

polymers like Pleximid   , Apec   and Ult rason  

are available.

Tab. 1　Thermoplastic polymers for optical applications

Polymerclass Types for optics
Manufacturer or

sales in Germany

Ref raxtive
index at
500 nm

T

at 500 nm ( %)

HD T

(℃)

Polymethyl2
methacrylat

PMMA 7N , 8N
Rö hm Gmb H &Co.

KG
1. 49 92 100

Cycloolefin2polymer
Zeonex   E48R ,

480R
Zeon Europe Gmb H 1. 53 91 125

Cycloolefin2
copolymer

Topas   5013 Ticona Gmb H 1. 53 91 125

Poly2n2methyl2
methacrylimid

Pleximid   8817
Rö hm Gmb H &Co.

KG
1. 53 88 166

Polycarbonat2
Copolymer

APEC   9351 Bayer Polymers 1. 57 90 173

Bisphenol2A2
Polycarbonat

Makrolon   Al2647 ,

Lexan   L S2

Bayer Polymers/ GE

Plastics
1. 59 90 120

Polyethersulfon Ult rason   E2010 BASF 1. 65 80 208

2. 2　Coating by plasma2ion assisted deposition

High vacuum Physical and Chemical Vapour

Deposition p rocesses ( PVD and CVD) are com2

monly used for the p roduction of optical interfer2

ence coatings on glass and other inorganic sub2

st rates. Vacuum deposition of optical coatings at

low subst rate temperature is realizable wit h

Plasma Ion Assisted Deposition2 technology

( Plasma2IAD ) using Leybold A PS 904 [5 ] . A

t hermally evaporated film is bombarded during

it s growt h wit h energetic ions emit ted by t he

Advanced Plasma Source (A PS) as schematically

shown in Fig. 1. This result s in improved me2

chanical p roperties of deposited dielect ric films.

Applying Plasma2IAD on plastics , t he low2pres2

sure plasma can be used in manifold way to mod2

ify t he polymer surface p roperties as well as to

adjust t he mechanical st ress of inorganic t hin

films.

Fig. 1 　Plasma2ion assisted deposition using A PS904

(Leybold2optics)

3　Result s and discussion

3. 1　Special processes for different materials

Organic polymers are much more complicat2
ed materials for coating than inorganic glasses.

The different chemical compositions can lead to

varying reactions in contact wit h plasma or wit h

chemicals[627 ] . The most significant t hreat to

long2term stability of coated plastics is t hat
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caused by UV radiation or by ot her environmen2
tal factors , which result in slow changes of bulk

or interface p roperties of polymers af ter coating.

High2energy ions and short wavelength radiation

emit ted by a plasma source have enough energy

to break chemical bonds in polymers and t hereby

to initiate chemical modifications. In summary

t he following effect s have to be taken into ac2
count :

2Increase of wet tability

2Change of adhesion properties

2Change of ref ractive index

2Damage of bulk polymer (i . e. yellowing)

2Change of surface topograp hy

In addition , long2term changes concerning most

of t hese effect s are possible.

Selected types of PMMA , polycarbonate

and poly2cycloolefines have been characterized

under coating2relevant conditions like t he plasma

source A PS , UV radiation or the emissions of a

running elect ron beam gun. The surface energy

of polycycloolefines and of polycarbonates can

obviously be increased by a very short plasma

t reatment . PMMA is hardly activated and t he

surface energy rises slowly with A PS t reatment

time. UV radiation emit ted t hroughout plasma

ion2assisted deposition processes is able to de2
grade t he optical p roperties of Zeonex   and

Topas   subst rates. PC and PMMA samples ir2
radiated in t he same way have not been affected

by increasing absorp tion.

Satisfactory layer adhesion on all plastic

subst rates exhibit boat2evaporated oxide layers ,

t hat can be deposited wit hout the influence of ra2
diation or plasma emissions. Hence , those lay2
ers grow on unheated polymer subst rate wit h

very low density and show bad mechanical p rop2
erties t herefore. Elect ron beam gun evaporated

oxide layers deposited wit h plasma ion assistance

show the best adhesion on certain types of poly2
cycloolefines , polycarbonates , polyamides and

polyethersulfones. Especially t he poly2cycloole2
fine polymers ZeonexE48R   and Topas5013  

and t he polyet hersulfone Ult rason   provide ex2
cellent adhesion properties irrespective of p re2
t reat ment condition[ 829 ] . These materials meet

t he requirement s for t he deposition of very thick

interference coatings like scratch resistant an2
tireflective coatings , beam split ters or filters.

On t he ot her hand , very special p rocess parame2
ters and coating materials have to be used for t he

ion2assisted deposition of optical coatings on

PMMA [10 ] . The spect ral performance of an AR2
coated PMMA sheet p roduced by a patented

process of Fraunhofer IOF is shown in Fig. 2.

Fig. 2　Transmission of AR2coated PMMA compared to

an uncoated sample

3. 2 　Scratch resistant antireflective coating AR2
hard 

In general , eyeglasses are subject to p hysi2
cal st resses in p ractical use and the coated plastic

eyeglasses have to pass st rong environmental

and abrasion test s to demonst rate their suitabili2
ty. Antireflection layers and hydrop hobic top2
coatings are typically arranged on top of t he hard

coating. Alternatively , antireflective coatings

A R2hard   integrates the antireflection f unction

into a hard layer [11212 ] . The A R2hard   coating is

scratch resistant it self because of it s high overall

t hickness. Antireflection coatings of t he AR2
hard   type can be understood as an arrangement

of symmet rical t hree2layer periods , each of t hem

consisting of a very t hin high ref ractive index

164No. 4 　　　　U. Schulz ,et al :Optical coating and nano2st ructuring on plastics



© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.    http://www.cnki.net

layer H in the middle of two t hick low ref ractive

index layers L . Fig. 3 shows t his p rinciple sche2
matically.

Fig. 3　Schematic of coating design AR2hard   ;

arrangement of 32layer periods

Typical layer materials are SiO2 as a hard

oxide wit h low ref ractive index and TiO2 as a

high ref ractive index material . Each of t he sym2
met rical periods can be interp reted as an equiva2
lent layer wit h three times t he Quarter Wave

Optical Thickness (3 QWO T) and can be rep re2
sented mat hematically by a single equivalent film

having an equivalent index neq and an equivalent

p hase t hickness. For symmet rical L HL periods

of t hree QWO T′s t he equivalent ref ractive index

can be lower than the index of t he low index ma2
terial L it self used practical for t he thin2film

combination. The design concept of AR2hard  

uses such equivalent layers to build up a layer

stack wit h decreasing equivalent ref ractive index

f rom t he subst rate side to t he outermost surface.

A characteristic value for an A R design is

it s spect ral bandwidt h (BW) which is defined by

t he wavelengt h at the long wavelengt h end divid2
ed by the wavelengt h at t he low wavelengt h end.

The bandwidt h of A R2 hard   2coatings consisting

of t hree layer L HL periods as described before is

limited to about 1. 5. This bandwidt h covers for

example t he spect ral range of visible light f rom

450 nm to 670 nm for a target residual reflection

of 0. 1 %. New investigations show t hat t he

bandwidt h of AR2hard   can be broadened if lay2

er stacks with a greater total p hase t hickness are

used in the step2down arrangement instead of t he

symmetrical layer periods[13 ] . As before , each of

t he layer stacks must meet t he condition of

mat hematical equivalence to a single layer wit h

very low ref ractive index. Examples for AR2
hard   coatings wit h different A R2bandwidt h are

shown in Fig. 4.

Fig. 4 　Residual reflectance of AR2hard   coatings with

different spect ral bandwidthes on polymer sub2
st rate ( n = 1. 53)

3. 3　Generation of the“NANO2moth eye”2struc2
ture

Low pressure plasma t reat ment is a conven2
ient way to activate and clean polymer surfaces

before coating. Additionally , several ion bom2
bardment p rocesses on polymers are known t hat

initiate etching processes and change t he surface

topograp hy[14 ] . Our investigations show t hat t he

application of special ion bombardment condi2
tions leads to stochastic antireflective st ruct ures

on acrylic surfaces , so2called “NANO2mot h

eyes”. The Advanced Plasma Source (A PS) of a

Leybold box2coater A PS904 , which is intended

for t he p roduction of optical interference layers

by means of ion2assisted evaporation was used to

perform t he etching step . The ion energy , t he

t reat ment time and t he gas composition deter2
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mine essentially t he modification of topograp hy

as well as the optical p roperties. The combina2
tion of argon and oxygen in t he plasma for a

t reatment time of several hundred seconds leads

to excellent antireflective p roperties on PMMA

surfaces.

From a first very fine2grained st ruct ure ,

larger agglomerates are formed wit h increasing

t reatment time. These features are almost uni2
form in size and are stochastically dist ributed o2
ver the surface ( Fig. 5) . The aspect ratio of di2
ameter and height of the individual feat ures ,

which should be at least 1 ∶2 , is crucial for t he

antireflection effect wit hout scat tering losses.

Fig. 5 　Scanning elect ron micrograph of a“NANO2
motheye”2st ructure on PMMA

By applying t he plasma t reat ment to bot h

sides of a PMMA sheet , t he average reflection

can be decreased to less than 1 % in a wavelengt h

range f rom 400 nm to 1 000 nm and to less than

0. 4 % in t he visible spect ral range of 420 nm to

670 nm. Due to t he low scat tering losses , t he

t ransmission can reach values between 98 % and

99 % at the same time. Fig. 6 shows t he angular

dependence of the t ransmission of a double2si2

ded , plasma2t reated PMMA sample.

An antireflective effect has been obtained e2
ven at very high angles of light incidence. The

stochastic“NANO2mot heye”st ruct ure remains

colourless at oblique light incidence. This be2
haviour is beneficial compared to periodic antire2
flection st ruct ures.

Fig. 6　Transmission of a PMMA sample (plasma2
t reated on both sides) at different angles of

light incidence

4　Summary

　　The replacement of glass by plastic for opti2
cal applications is a challenge for the develop2
ment of coatings. Coating on plastics requires

subst rate specific vacuum processes. The suita2
bility of t he miscellaneous t hermoplastic poly2
mers for vacuum coating processes must be eval2
uated with respect to t he degree of damage t hese

subst rates will sustain when in contact wit h

plasma and high2energy radiation. Furt hermore ,

t he environmental stability of a plastic part coa2
ted with an inorganic layer also depends on t he

polymer p rocessing parameters and t he dimen2
sions of the plastic part . Thus , each coated plas2
tic optic has to pass extended test s depending on

t he conditions of use. In many cases , t he expen2
sive develop ment work impedes the application

of coated plastic optics for mass p roduct s today.

The problems with handling polymers in coating

processes stimulate researcher and manufact urer

to look for new coating designs or for alternative

coating or t reat ment techniques. One examples

of t his develop ment is t he design concept AR2
hard   for antireflection p urposes. In addition , a

new procedure for t he p roduction of antireflec2
tion st ruct ures for plastics using t he ion etching

process was presented here. A special advantage

of t he " NANO2motheye" is t he at tainable high

t ransmission which is independent f rom surface
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geomet ry. This makes t he procedure interesting

for complex curved or microst ructured compo2
nent s , however the main application is cost2ef2
fective moulding and replication , for example by

hot embossing.
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