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AN OPTI CAlw BT LTER ARRANGEMENT BACKGROUND TO THE | NVENTI ON THES invention
relrates to an optical filter arrangenment having differential ireflection and
uni form transm ssion characteristics. Al patterns, signs and |pgos on shop
w ndows, sungl assesS, w ndscreens and other transparent constructions are

vi si bl e swhen viewed fromboth sides of the constructions. In nmany cases, it
is preferable that such patterns, |ogos and signs be visible when viewed
fromone side only. For exanple, it is desirable that a viewer has

uni npeded vi si on when | ooki ng througq;a pair of sunglasses or a car

wi ndscreen, and stickers, decals and ‘any ot her opaque |ogos or images which
are intended to be visible when viewed fromthe outside will inpede the

vi si on of thg,Qﬁwﬁ@hﬂw¥qﬂfghté¥3§¥§§%éﬁfes or | ooking through the

W ndscr een. ; ; a nmet hod of producing
superinposed | ayers which register in one or nore areas. The |layers are
printed on BAER < ! ”"'iq} defines the areas. The printed
areas conbi O 1 U 5 ; a transparent substrate which is
vi si bl e when viewed fromthe printed side of the substrate and

substantial Iy invjsible when viewed fromthe opposite side due to the

cl oseness ofﬁﬂﬁa inNention orelafss sta An heptispd Bliter hurrqangamentahavinge i nability
of the eye tS,:e any . type described is
optical |y utr?gfgé’%g‘,uﬁlu ﬁéqef%iﬁnﬁi‘g ‘?r‘é?dr%ﬁ‘x%f‘? %%@a%%é%%g@-of light through
the glasses and may also tend to create focusing problens. Consequently,

such gl asses,  cannot be used ?s sungl asses,. and nerely have a novelty or
gi nmi ck app@é{f patterns, signs and logos on shop windows, sunglassés, windscreens

and other transparent constructions are visible when viewed from both

D,

sides of the constructions. In many cases, it is preferable that such
patterns, logos and signs be visible when viewed from one side only. For
example, it is desirable that a viewer has unimpeded vision when looking
through a pair of sunglasses or a car'windscreen, and stickers, decals and
any other opaque logos or images which are intended to be visible when
viewed from the outside will impede the vision of the person wearing the

sunglasses or looking through the windscreen.

US patent 4,925,705 discloses a method of producing superimposed
layers which register in one or more areas. The layers are printed on a
substrate over a mask which defines the areas. The printed areas
combine to form_' a printed image on a transparent substrate which is
visible when viewed from the printed side of the substrate and
substantially invisible when viewed from the opposite side due to the
closeness of the maitrix of dots to the eye of the viewer and the inability
of the eye to focus on such dots. An arrangement of the type described
is optically unsound, in that the matrix limits the passage of light through -
the glasses and may also tend to create focusing problems.
Conse'cfp_iently, such glgsses cannot be used as sunglasses, and merely

have a novelty or gimmick appeal.



US patent 4,619,504 discloses an ophthalmc lens wth a nmarking and a

met hod “of produci ng the marking. A renpvabl e adhering substance is applied
in a predeternmined pattern to the surface of the |lens, and an
anti-reflection coating is subsequently applied diréctly to the surface of
the | ens body outside the region. The renovabl e substance is then renoved
so that the marking is defined by a reflective pattern surrounded by a -
non- refl ective coating. A marking of this type is not readily discernable
due to the optically neutral nature gf the marking, and is designed to be
used solely for identification rather than advertising purposes. SUWARY OF
THE | NVENTI ON According to a first aspect of the invention there is

provi ded an optical filter arrangenment conprising at |east two optical

filter elenments, the oBticaI_ filter elenents defining a first, area and a
second ar ea Usopaient 10,564 disclpsessar gphthadmic les withes magking #ndi st anti al |y

the sanme opt & ctherd. St ea and
different op eﬁ@éﬁl to?@??%%@%@%erg%ﬁ?ﬁagt %‘r fég(lsdgg&o%érgfg Tﬁg)gg‘{hggq%ort i on of
the visi bl eapplied ina) pretdeteeiinddipattérat tonthiei smofabetofethe lens; dnidrat area and

the second area is visually perceptible en viewed fromone side of the
optical fil @é?l-raﬂﬁ%gb%tngdﬁaul?%%w& %E\Pﬂﬂﬂ}e& %V%é&éﬁ??“ﬁnﬁﬁf’ epti bl e when
viewed fro PO ' i ' {ABIE Sub8ah Bl 46 TREH -
Pr ef er abl yf’\lﬁ%%ﬂéng&y ?gtsgqéj&ée);%??cgﬁ% ?ﬁngrégar ?Sglr?gg[rent is a patterned
si de and t heemppeakisoe thatdaehef matkdngpisi defindd |tyera ireflectiven-patteter ned si de,
and the ‘distinct ié)n getween the .first .arei and .t he sgcond area. is also
- 3- surrounded by a non-reflective coating. ~ A marking of this type 15 not
| readily discernable due to the optically neutral nature of the marking,

and is designed to be used solely for identification rather than

advertising purposes.

SUMMARY OF THE INVENTION

According to a first aspect of the invention there is provided an optical
filter arrangement comprising at least two optical filter elements, the
optical filter elements defining a first area and a second area bordering
the first area, the first area having substantially the same optical
trahsmitt_ance characteristics as the second area and different optical
reflectance characteristics over at least a portion of the visible spectrum,
whereby the distinction between the first area and the second area is
visually perceptible when viewed from one side of the optical filter
arrangement and is substantially visually impérceptible when viewed

from the opposite side of the optical filter arrangement.

Preferably, the one side of the optical filter arrangement is a patterned
side and the opposite side of the dp_ﬁcal filter is a non-patterned side,

and the distinction between the first area and the second area is also



substantially visually inperceptible when viewed fromthe non-patterned
side of the optical filter inreflected light. In a preferred formof the
invention, the optical filter elenents include a transparent substrate and
at | east one optical coating applied to the substrate in a predeterm ned
pattern® The coating typically includes a plurality of overlying optical
thin filnms, which may be in the formof netallic thin filns, dielectric
thin“films, mxed thin filnms conprising'a netal-dielectric mxture or
conbi nati ons of the above thin filns.5In one formof the Invention, the
optical filter arrangenment conprises a subjacent netallic thin filmand a
superjacent dielectric thin film wth the thickness of the metallic thin
filmdetermning the transmttance of the filter arrangenent and the

t hi ckness of the dielectrig thin filmdgdetermni.ng the col our of, reflection
of the t; r sSubttaadely R iallyduperdrathle Whe Fetedsrom S podmate o ant
dielectric thidof tﬂe%rpt ?EE@?Wrmédﬁé'@ﬂ ke netallic thin filmand the
substrate for reduci ng back or reverse Feflection. In an alternative form

of the invention, the optical thin filnms conprise a stack of dielectric

thin fil , W th ti hin fil. Ln th .ack i ng. di f [
Fof racti e ch BeelerTed iR B i Pktid b8 b i plemiapiY isebident cgra
filtering myagan efhbkRateCsttr 8t RN SR F)’iiti@&l todtalgaassliddncatiipect r al

region so as to provide a transm ssion col our bal ance. -4- The invention
extends to asubstratedncf predeterminechpatieincal filter

The coating typically includes a plurality of overlying optical thin films,
which may be in the form of metallic thin films, dielectric thin films,
mﬁed thin films comprising a metal-dielectric mixture or combinations
of the above thin films.

In one form of the invention, the optical filter arrangement comprises
a subjacent metallic thin film and a superjacent dielectric thin film, with
the thickness of the metallic thin film determining the transmittance of
the filter arrangement and the thickness of the dielectric thin film
determining the colour of reflection of the first or second areas, and may
include at least one subjacent dielectric thin film interposed between the
metallic. thin film and the substrate for reducing back or reverse

reflection.

In an alternative form of the invention, the optical thin films comprise
a stack of dielectric thin films, with contiguous thin films in the stack

having differing refractive indices.

The transparent ‘substrate may incorporate integral filtering means
adapted to reduce transmission imbalance in a spectral region so as to

provide a transmission colour balance.



arrangenent conprising the steps of: providing an optical substrate;
selecting an optical coating and applying it to one face of the substrate;
and formng a predeterm ned pattern in the coating so as to define first
and second areas; whereby the first area has substantially the sane optical
_transm ttance characteristics but has different optical reflectance
characteristics over at least a portion of the visible spectrum conpound to
the second area so that the distinction between the first and second areas
is visually perceptible when viewed §romone cside of the optical filter
arrangenment and is- ‘substantially visually inperceptible when viewed from
the opposite side of the optical filter arrangenent. Preferably, the
optical coating and the substrate are chosen so that the backside

flect f both.the first d wh | . th |
oppos (o <1 BB oRNEROR | ehdt o RERY o vl dn bRBRY MBELboanti a1y
identical. Jh@ngdthémadongPridihgithectgyenf:ently conprises at |east two

overlying optical thin filmTayers and the step of applying the optical
coating conpri sepravmngmp@tm?/awrrymg the thin filmlayers to the

substrate, maskipng_at_ |east f: th ' ' a ' mask whi ch
defi nes said pat f%?ﬁfnga%g olpéﬁ%f(gaém%héﬂnggﬁlﬁd#nem {ﬁe%‘ﬁézaﬁ???p% ude the
step of nonitori §ghstlage;tdnidcknesses of the optical thin filmlayers so as to
achi eve the desired optical transnittance, and refl ect ange,
char act eri sti cs. forming a predetermined pattern in the coating so as to define
first and second areas;
whereby the first area has substantially the same optical transmittance
characteristics but has different optical reflectance characteristics over
. at least a portion of the visible spectrum compound to the second area

so that the distinction between the first and second areas is visually

perceptible when viewed from one side of the optical filter arrangement

and is substantially visually imperceptible when viewed from the

opposite side of the optical filter arrangement.

Preferably, the optical coating and the substrate are chosen so that the
~ backside reflectance of both the first and second areas when viewed
from the opposite side of the filter arrangement in reflected light is.

substantially identical.

The optical coating conveniently comprises at least two overlying optical
thin film layers and the step of applying the optical coating comprises
the steps of applying the thin film layers to the substrate, masking at
least one of the thin film layers using a mask which defines said pattern,

and removing the mask.

The method may include the step of monitoring the thicknesses of the
optical thin film layers so as to achieve the desired optical transmittance



The method may further include the steps of providing a reference |ight
source, a transmtted |ight sensor and a reflected |ight sensor,

i nterposing a nonitoring substrate between the |ight source and the
transmtted |ight sensor, depositing at |east one optical thin filmlayer
onto the nonitoring substrate in a continuous deposition process, neasuring
the transmtted and refl ected | i ght -d&ri ng the deposition process, and
termihating the deposition process when'the desired optical transmittance
and refl ectance characteristics have been achi eved. Typically, the nethod

I ncludes the further steps of providing at | east one substrate in a region

of the noni ta@girefestdhsd bRdracRpdtisybj ecting the substrate to the sane
deposition process as the nonitoring substrate. The nethod typically

i ncludes the step of detecting a spectral region of transm ssion col our

I nbal ance a rovi din he substrate with filterin ans to reduce the
transni ssi OMS%’J%FH&#H 1 _“f‘?uéh%gsef p Pmrvé‘é%%.rg%{gn‘f% ights | I mlayers
may be appl isgdrdeya fraManipted 1690 9&isbt 8d BTeREGSd lightheasdt; intéhyeeingPhi C

process, a dipping process, a spraying process Or a sputtering process. It
nmust be undémeniseringisubstrate basween the ightsourteramdgbe tmapsmitted lightnar ki ng,

| ogo, picture, deyice.or e |ike, BRIEF DESCRI PTI THE DRAW NGS
i gur oo 1A, ik dpppRt at et biE p Uil TR RucOTR (P ERIteroe o
front, rear sabgrdte i a\oBtiiuis depoRiticRNprioRBsy, midRANEHE: Q! frfistnieteda
and reflected light during the deposition process, and terminating the
deposition process when the desired optical transmittance and

reflectance characteristics have been achieved.

Typically, the method includes the further steps of providing at least one
substrate in a region of the monitoring substrate and subjecting the

substrate to the same deposition process as the monitoring substrate.

The method typically includes the step of detecting a spectral region of
transmission colour imbalance and providing the substrate with filtering
means to reduce the transmission colour imbalance in the spectral

region.
The thin film layers may be applied by a vapour deposition process, a
photo-lithographic process, a dipping process, a spraying process or a

sputtering process.

It must be understood that the term “pattern” denotes any form of

marking, logo, picture, device or the like.

' BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A, 1B and 1C show highly schematic respective



transparent substrate; Figures 2A, 2B and 2C show highly
schematic respective front, rear and side views of a filter arrangenent of

the invention; Figure 3A shows a cross-sectional side
view of a nulti-layer dielectric stack form ng one enbodinent of a filter
arrangerment of the invention; Figure 3B shows a
‘multi-layer netallic and dielectric stack formng a further enbodi nent of a
filter arrangenent of the invention; Figures 3Cto 3F : show
various stages in the fabrication of a two-layer netallic and dielectric
stack formng a still further enbodi ment of the invention; Figure 4
shows a graph of the transmittance and reflectance of a red reflecting thin
filmdielectric stack; Figure 5 shows a graph

illustrating transm ssion nmatchi us/ C u fikter glass as a
substrate; Figure 6 Hont, :’Iﬁggsal?da Qgga%%glsi IOF ugt rating the
refl ectance of neutral, bronze, purpleeneentidialicopaqgespattern on a

transparent substrate;

Figures 2A, 2B and 2C show highly schematic respective
front, rear and side views of a filter

arrangement of the invention;

Figure 3A shows a cross-sectional side view of
a multi-layer dielectric stack forming
one embodiment of a filter

-arrangement of the invention;

Figure 3B : shows a multi-layer metallic and
dielectric stack forming a further
embodiment of a filter arrangement

of the invention;

Figures 3C to 3F : show various stages in the fabrication
of a two-layer metallic and dielectric
stack forming a. still further

embodiment of the invention;
Figure 4 shows a graph of the transmittance
and reflectance of a red reflecting -

thin film dielectric stack;

Figure 5 - shows a graph illustrating



Figure 7 shows a graph of the transmttance of the
neutral, bronze, purple and blue | ogos; Figure 8

-shows a graph of the reverse reflectances of the coloured | ogos; Figure
9 shows a graph of the reverse reflectances of the
col oured | ogos incorporating an anti-reflection layer; Figure 10

shows a graph of the transmittances and the refl ectances of an enbedded
pattern desi gn utilising a-substantially symetrical optical filter

arrangenent; Figure 11 -7 - shows a graph of non-nornalised
- transmttance val ues for bronze, purple and blue filters; and - 8-
Figure 12 shows a partly schematic view of an

experinmental coating plant. DESCRI PTI ON OF THE EMBODI MENTS Referring first

to Figures 1A to 1C, which have been t'?ér?s\ﬁiligs?(gn ;gﬁg&gﬁ}ggghgﬁies of

conparison only, a transparent substrate SsUcC o] 8ss 10 is

provided with a pattern conprising thicteureddiliee glassiaga dubstrdee;i s cl ear from
Figures 1A and 1B, the pattern is clearly visible when viewed from both

sides of the gl ass.
Figure 6 : shows a graph illustrating the

reflectance of neutral, bronze, purple

and blue logos;

Figure 7 shows a graph of the transmittance
of the neutral, bronze, purple and

blue logos;

Figure 8 shows a graph of the reverse

- _ reflectances of the coloured logos;

Figure 9 shows a graph of the reverse
| reflectances of the coloured logos

incorporating an anti-reflection layer;

Figure 10 shows a graph of the transmittances
and the reflectances of an embedded
pattern design utilising a
substantially symmetrical optical

- filter arrangement;

Figure 11 . shows a graph of non-normalised -
transmittance values for bronze,

purple and blue filters; and



In Figure 1C, the reflectance 20 of the pattern 12 and the reflectance 22
of . the background glass 10 differs. The transm.ttance 24 of |ight passing
through the pattern is effectively zero, and differs substantially fromthe
transmttance 26 of the background or surround area. Further, the reverse
refl ectance 28 of the background clearly differs substantially fromthe
reverse reflectance 30 of the pattern 12. Referring now to Figures 2A to
2C, a glass sheet 14 is shown having a patterned area in the formof three
strips 16 bordered by a surround areg,_wth the glass sheet 14 and the
strips 16 constituting a filter arrangenent 18 of the invention. As is
clear fromFigure 2A, the strips 16 are clearly visible in reflected |ight.
However, when the glass sheet is turned around and the filter arrangenent
18 is view ,fron&the opposite side, .the patterned arega 16 rges with the
surround arguEd2is invisible, as | dgﬁaﬂ ﬁ&ﬁﬂ?ﬁ“@@?w i & s
quantified in Figure 2C, which ill usé,(ﬁﬁ}ﬁ&d]m(;ﬂﬁl bﬂgh@ct ance of the
pattern 32 and the - 9 - reflectance of the bag ground or surround area
34 differ, as in the prior art exanple of Figures 1A to 1C. However, the
transmttance 36 of |ight passing through the pattern 16 is substantially

I dentical to the transmttance of |ight 38 passing through the surround

area. As a PESORIPTION ggtqmmm(i)mmmr%nt ially invisible when viewed
fromthe opposite side of the glass. As a turther feature, the backside or
reverse reflectance 40 of the background is matched with the backside
refl ectancey42 of t.h tern [ 16.. ,Thi s [ he
vi sibilit ye%?f%{ﬂﬂg E‘éﬁt‘g’fﬁi‘gb\ﬁéﬁﬂ% F01IE, Whict Bade bEER BrbvibEd 15F e

purposes of comparison only, a transparent substrate such as a sheet of

glass 10 is provided with a pattern comprising three opaque strips 12.
As is clear from Figures 1A and 1B, the pattern is clearly visible when

viewed from both sides of the glass.

In Figure 1C, the reflectance 20 of thepattern 12 and the reflectance 22
of the background glass 10 differs. The transmittance 24 of light passing
through the pattern is effectively zero, and differs substantially from the
transmittance 26 of the background or surround area. Further, the
reverse reflectance 28 of the background clearly differs substantially

from the reverse reflectance 30 of the pattern 12.

Referring now to Figures 2A to 2C, a glass sheet 14 is shown having a
patterned area in the form of three strips 16 bordered by a surround
area, with the glass sheet 14 and the strips 16 constituting a filter
arrangement 18 of the invention. As is clear from Figure 2A, the strips
16 are clearly visible in reflected light. However, when the glass sheet
is turned around and the filter arrangement 18 is viewed from the -
opposite side, the pattémed area 16 merges with the surround area and
is invisible, as is shown in Figure 2B. This is quantified in Figure 2C,

which illustrates how the reflectance of the pattern 32 and the



fromthe opposite side of the glass, as per Figure 2B. As a result of the
pattern 16 having to be transparent, it is clear that the naterials used to
formthe pattern have to be transparent or at |east partially transparent
and col our selective. Optical thin filns display optical interference
phenonmena to create reflectance differences, while still retaining
substantial ly identical transm ssion properties. Such filns are defined as
being thin enough to allow optical intefference between |ayers, and are
typicall'y of the order of 50 to-100 gmthick. Optical thin filns can be
divided into four categories, nanely dielectric filnms, metal filns,

netal /dielectric conbinations and netal/dielectric mxtures. Dielectric
films are insulators which have an extrenely | ow el ectrical conductivity.
Typical materjals inc)ud al um ni 0xi magnesi um fl uori de and
The T e TReAERRade et thaDackoufd of siranud Abed Sh s Be BN are def | ned
by the refragéé;eéﬁwl@w Fed 18 1b L HENEver! the transhflahdy S§oede AS 15 cl ear
fromFigure 3A req red spectral reflection and transm s8I on

char act er i spassingf thzougle| thet pattery sitenisosubstantiallyr ddentical atocothpl | shed by

stacki ng a nunbe f di.el th filmla 4A to,44l th diff t
refral:t |gve |§%&§@i§§)’§ﬁc§fﬁﬁ£g&%bg§é‘gﬁ%ﬁ 'légbmg}ed%‘%ré’zl taéﬁqcce)ﬁ‘sérrfsgo}mﬂbenelnt 3:162

transparent (gdigghe £6 §§)sxfb§tatr@1aﬁ§' ‘ifﬁlﬁbﬁa Qh@ﬁ %Wécpfrbﬂi thef 6ﬁﬁﬂsﬁEaCk 48.
Alternating layers of Ti 2, havihg a high refractive index of approximately
2. 35, and [ side]ofitheigiassa low refractive index of about 1.45, are typically
provided. In theory, any reflectance characteristic can be realised.
However, as

As a further feature, the backside or reverse reflectance 40 of the

background is matched with the backside reflectance 42 of the patterned
area 16. This further reduces the visibility of the pattern when viewed
from the opposite side of the glass, as per Figure 2B.

As a result of the pattern 16 having to be transparent, it is clear that the
materials used to form the pattern have to be transparent or at least
partially transparent and colour selective. Optical thin films display
optical interference phenomena to create reflectance differences, while
still retaining substantially identical transmission properties. Such films
are defined as being thin enough to allow optical interference between
layers, and are typically of the order of 50 to 100 nm thick.

Optical thin films can be divided into four categories, namely dielectric
films, metal films, metal/dielectric combinations and metal/dielectric

mixtures.

Dielectric films are insulators which have an extremely low electrical -
conductivity,. Typical materials include quartz, aluminium oxide,
magnesium fluoride and the like. These films have no optical absorption

properties and are defined by the refractive index of the layer and its



t.he refl ectances are non-absorbing and are substantially the same from both
sides of the thin filmsystem as are the transmttances, what is seen as a
colour in reflection is lost in transm ssion so that col our bal ance | ooking
t hrough the pattern and the background substrate has to be acconplished by
some neans of filtering in the substrate. In Figure 4, respective
transmttance and refl ectance graphs 58 and 60 of a red reflecting thin
filmfilter arrangement are shown. The arrangement conprises thin film
alternating high and | ow refractive jigndex | ayers on a clear glass substrate
whi ch appears red in reflection and blue/green in transnission. It is
evident that a clearly noticeable difference exists between the
transnittance through the blue-green pattern and the cl ear background. By

limnati I tral ' wh t i_mbal ' test,
col our - bal dhicknes 83 55 pieaf Boff FUNGE 3. B QAT SPeckd rifeiefl, 0% °
col oured f iaWra%nﬁ?ﬁoh%hH?&@erﬁ@i@ ebatdialeetricosysfenPbh 4 fisbstraek Rortion of the
roug

spectrum t e background so as to create balance . in
transm ssi aecomplishedibys stiacking aenurnberuefrdielestriathin fitmdayess Afdttoed in

br oken outlj ne and t transmtta th't bstrate and

t he patterni"'?s %I&‘ﬁefgﬁeae'%ag& ’in@cg%tglfcﬁethg[&%g% ?ﬁeé}}:ldgggﬁe#atchi ng of

bot h _CurVe%ﬁ&@daﬁraﬁ$éhbﬁ@oha¥eﬂr§1wh?@ti suttracs sy apparerehte Bhi s concept

of using substrate fiTteri nqgtoget her with dielectric thin fjl msystens can
¢

be expandedi¢lectrist thim fidel ack 48s Altarnating, jayers of, EiOp daviag 2 hight or * syst ens

are nornall roduc - ' bofal t hod
(VD) wher BEBREYS Sy Bf abPipdRatel 2 55 ARSICE ShadlAPR Y CERASIS OF T8 ced i 1
a control | gdemenebout 1.45, are_typically provided.

In theory, any reflectance characteristic can be realised. However, as
the reflectances are non-absorbing and are substantially the same from
both sides of the thin film system, as-are the transmittances, what is seen
as a colour in reflection is lost in transmission so that colour balance
looking through the pattern and the background substrate has to be
accomplished by some means of filtering in the substrate. In Figure 4,
respéctive transmittance and reflectance graphs 58 and 60 of a red
reflecting thin film filter arrangément are shown. The arrangement
comprises thin film alternating high and low refractive index layers on
a clear glass substrate which appears red in reflection and blue/green in

transmission.

It is evident that a clearly noticeable difference exists between the
transmittance through the blue-green pattern and the clear background.
By eliminating the spectral region where the imbalance is the greatest,
a colour balance is possible. This is illustrated in Figure 5 where a -
coloured filter glass is used as substrate to absorb the red portion of the
spectrum through the background so as to create balance . in

transmission. The transmittance through the substrate is plotted in



onto the substrates. Alternatively, techniques such as sputtering,
magnetron sputtering, ion-assisted PVD nethods and chem cal dipping or
sprayi ng processes may be used A second category of optical thin filmthat
can be used conprises netal filnms, which are characterised by their high
el ectrical conductivity, optical absorption characteristics and conpl ex
refractive indices. Typical netal filnms include chrom um al um nium
silver, nickel and the like. As is the case with dielectric filns, the
transmttance of a netallic layer suéh as chromumis the same regardl ess
fromwhich direction it is viewed. The sane is not applicable for the
reflectance of a nmetallic film as the reflection fromthe air side is
typically higher than that fromthe substrate side because of the
absorption i | )i | f ' ;Lve indices
of air int It?gogt}ﬁg@g}%e%t GZ %ﬁ%/t eeﬁﬁg%h?gag]% ttﬁﬁgﬁﬁ%rﬁl gtrlé g{rl\%sgfr?tte%t S

i Il ustratedand the patierB B, illastdated dmsolid estlmet 4ti64. fTherclosanlatélingonpri sing a

metallic |ayer, 52 sandwi _ched hetween | ower and.upper dielectyi.c | ayers 54
T 56, By pdchoth cwdesifen el bl agusienti 1 LB pppaens” TR ge Y b

col our and | f.U t re i heOMiRGeR Qhint fign! ayer with
little chan%gg?é tﬁ%uﬁlén%%st&tfoﬁﬁ%rﬁ@bll&%tt%ea,}tgyere zgg%wellfl as in the
reflection fsystems kandicherpandeld fmf othbe colayes as Whlk. t hi ckness of the ‘upper nost
dielectric layer 56 determi nes the colour of the reflection while the

t hi ckness of the netallic |ayer determ nes the value of the transm ssion

through the phRgk eﬁ%%ﬂéékﬁ gigﬂe't S3tedhs a&%?}hﬁhlyﬁéd&euwheéé-canwat h the

metal |ayer 52, the reverse reflectance can be adjusted. The
netal | i c | aphysiedl eapoual depdsisione pleshed! (BVIR)o whargethe canaggfiads are

vaporised under high vacuum and condensed in a controlled manner

onto the substrates. -Alternatively, techniques such as sputtering,
magnetron sputtering, ion-assisted PVD methods and chemical dipping
or spraying processes may be used.

A second category of optical thin film that can be used -comprises metal
films, which are characterised by their high electrical conductivity,
optical absorption characteristics and complex refractive indices. Typical
metal films include chromium, aluminium, silver, nickel and the like. As
is the case with dielectric films, the transmittance of a metallic layer
such as chromium is the same regardless from which direction it is
viewed. The same is not applicable for the reflectance of a metallic
film, as the reflection from the air side is typically higher than that from
the substrate side because of the absorption in the metallic layer and the

difference in refractive indices of air in the substrate.

A further optical thin film arrangement is illustrated in Figure 3B, and.
comprises a thin film stack 50 comprising a metallic layer 52 sandwiched
between lower and upper dielectric layers 54 and 56. By adding the
dielectric layers, it is possible to change the colour and magnitude of the



maet al /.di el ectric m xture providing a dark background. By adding dielectric
| ayers on top of the netal/dielectric mxture, patterns of high
reflectivity can be produced. Referring now to Figures 3Cto 3F, the steps
involved in fabricating a basic enbodi ment of a filter arrangenent of the

I nventi on are showmn. As a first step, a netallic C layer 52A is vapour
deposited onto the substrate 46. A nmasking |ayer 57 forned froma renovabl e
ink or the like is then deposited in a predeternmined pattern onto the Cr

| ayer 52A. An uppernost dielectricdagper 56A fornmed fromSi Ois then vapour
deposited onto the C |ayer 52A, wth the masking | ayer 57 serving to mask
out the patterned area. As a final step, the masking | ayer 57 is renoved,
as is clear froanigure'SF, so as to define a patterned area 57A bor der ed

by a surrou t Navi | e tical
paraneters g?ﬂ as t(ﬁn ﬁg%aga g?gﬂh% B th{gltg 'Fg;é:t?kll h| nfilmlayers,
with Schott tﬂﬁingﬁsmtlinmglgthaslaybras Welh]enssnhhe rdila:tloﬁrfeomaheoﬂwﬂ or this
choi ce of nmat re that Cr .and S.Q form hard bIe ayers, are
easy to useS ‘gnﬂp l?‘Fe? Bﬁ\ecgldﬁ’gﬁsaﬂttt §PBFrIBB§th cgh‘él e well
known so t hafetdralihby tﬁ@ldofaireof hROT_bleedon SV ahé OfhdciGREs B¢ m&de A 30%

transmttance at 550 nm was taken as standard for the transmttance of the
filters so mhetallicclayer determings thef valuer ofs thes trassmissidme thmghmhbt ance is

bet ween 10% thi.s, i g. the.transpjttance yal ue ted with
sungl asses. %ﬂ’aﬁo qrﬁp fﬁﬁé@ﬁec&cbg 32# cEeH %tfé 36@8 opti cal
thin filmteeédBaslkiof reveise fefleetdnee @hntHeeadiastkdr ound are di vided into four
sanpl e

The metallic layer 52 can also -be replaced or complimented by a

metal/dielectric mixture providing a dark background. By adding

dielectric layers on top of the metal/dielectric mixture, patterns of high

reflectivity can be produced.

Referring now to Figures 3C to 3F, the steps involved in fabricating a

basic embodiment of a filter arrangement of the invention are shown.
As a first step, a metallic Cr layer 52A is vapour deposited onto the
substrate 46. A masking layer 57 formed from a removable ink or the
like is then deposited in a predetermined pattern onto the Cr layer 52A.
An uppermost dielectric layer S6A formed from SiO is’ then vapour
‘deposited onto the Cr layer 52A, with the masking layer 57 serving to
mask out the patterned area. As a final step, the masking layer 57 is
removed, as is clear from Figure 3F, so as to define a patterned area
57A bordered by a surround area 57B.

Further designs will be based on the optical parameters of Cr as the.
metal and SiO as the dielectric thin film layers, with Schott BK7 glass
being used as the substrate. The reasons for this choice of materials are

that Cr and SiO form hard and durable layers, are easy to use, and the



categoties that are readily obtainable, nanmely; "Neutral", "Bronze",
"Purple" and "Blue", indicating roughly the hues of colour that wll be
seen on | ooking onto the substrate. The sinplest practical designs thus far
achieved are depicted in Table 1. These designs are closely matched in

terns of transmttance and ease of application. Table 1 Layer Mat eri al
Neut r al Bronze Pur pl e Blue O Ar 1 Si O

42nm* 55nm 72nm 2 Cr’ 14. 9nm 21.3nm 22.7nm
20.9nm Substrate BK7 BK7 - LaBK7 BK7 BK7 14

Ref |l ectance and transmttance data are depicted in Figures 6 and 7
respectively. The reverse reflectance (the reflectance as viewed fromthe.
back of the substrate) is shown in Figure 8. 1In all of the graphs of

Figures 6 t%gﬁcaléﬁ‘fraﬂfe%rrsaéf P&t‘?lt Ct Snld"éicr @ h@%élf‘kﬁ&bﬁ doQHhi kg the bronze

plot is indicated in triangular outline, I'ot "I's Indicated in
crossed out relieblambedraticdl| simujHtmns icanihechnadeed in ci rcI ed outline. The
transm ssi on bal ance for the neutral and bronze filters over the whol e of
the visible spectrumis relatively good, whereas the transm ssion bal ance

bet ween_t he anesyip alragfificidifee OBNSTSOL Wil GO Rer BisS sABRGETSH gLy VioT se. and

requires sone filtering to obtain sufficient colour ance e reverse
r ef | ect ancetrdn$mittanceiafitheé ifidtens $(ytlta&,tcmninne¢iev1tlea|1flitai' siibskrta¢e, thed t he t hree

col oured de?ﬂaﬁ?x?ﬁttamlﬂ:lecﬂ bm%wggnfl?)% Qﬁdcﬁ&?q'o, a¥" this is the transmittance

value associated with sunglasses.

As an infinite number of colours can be produced by optical thin film
techniques, the colours of the background are divided into four sample
categories that are readily obtainable, namely; "Neutral’, "Bronze",
"Purple" and "Blue", indicating roughly the hues of colour that will be

seen on looking onto the substrate.

The simplest practical designs thus far achieved are depicted in Table
1. These designs are closely matched in terms of transmittance and ease

of application.

Table 1

I[Layer Material | Neutral | Bronze Purple Blue

“ 0 Air - - ] -
SiO - 42nm 55nm 72nm "
Cr 14.9nm 21.3nm 22.7nm 20.9nm

Substrate | BK7 BK7 _BK7 BK7 BK7




This difference in reverse reflection can be nmasked by using a neutral
density substrate having a transm ssion of approximtely 50% or by putting
a mldly reflecting |ayer on the backside of the substrate, so as to nask
the difference in reflection. A base layer of C is applied over the ful
area, the logo area is nmasked off and a matching | ayer of Cr plus the SiO

| ayer is coated in order to create the background shade. A col oured
substrate which elinminates a portion of ‘the blue region of the spectrum may
hel p to bal ance the transmttance. .Additi onal matching | ayer/s may be
necessary to match the transmttances. By adding an extra |ayer underneath
the pattern, sonme control over the spectral characteristics of the
transmttance i s possible. 15 The reverse refl ectances of the neutral

i T or appr BETasryce T EAbsBRLAE BALe TSy FRUESTE A Tho L1 ng

ma ng can only

neutral denseéspgctivdipt The esversdricflettarce@he neftattaietag viewed fregahen di f ferent
backgr ounds as]%sw?t out in Takle 1, and_shown in Figure 8, the reverse
reflection RBEEREAEeiSupsiEated 18 shomp B drigyre §ucln alhnf the graBks ©§ with

neutral dengt t ' : ' aspect of
this rever sg%%ﬁg?tai%gﬁﬁgl?%#n%%?é%??%{gﬁ@éf?/&ﬁhéh&?gﬁ%% ance val ue
whi ch may bpldids indicates ish ériangsdat ontlineuthes pugdeipiot BByindidaitéd ém substrat e.
The follow ng taple depic the three.col our, desi gns and the neutral design
di scussed tﬁ'g)asf'éff?u%nﬁ?r’t‘#élea@&?tﬂl%fs d?‘?lﬁa‘iegvbér%qus@? Payer 54 to reduce
reverse refl ectance, as per Figure 3B. :

The transmission balance for the neutral and bronze filters over the

whole of the visible spectrum is relatively good, whereas the transmission

balance between the neutral and the other two colours gets progressively

worse, and requires some filtering to obtain sufficient colour balance.

The reverse reflectance differs significantly between the neutral filter

and the three coloured designs, which match fairly closely.

This difference in reverse reflection can be masked by using a neutral
density substrate having a transmission of approximately 50%, or by
putting a mildly reflecting layer on the backside of the substrate, so as

to mask the difference in reflection.

A base layer of Cr is applied over the full area, the logo area is masked
off and a matching layer of Cr plus the SiO layer is coated in order to
create the background shade. A coloured substrate which eliminates a
portion of the blue region of the spectrum may help to balance the
transmittance. Additional matching lé.yer/s may be necessary to match
the transmittances. By adding an extra layer underneath the pattern, .
some control over the spectral characteristics of the transmittance is

possible.



Tabl e .2 Layer Mat erial Neutral Bronze Pur pl e Blue O

Ar 1 Si O 42nm 55nm 72nm 2 Cr
16. 3nm 27.1nm 28.5nm 25.5nm 3 Si O 72nm 72nm
72nm 72nm Substrate . d ass d ass d ass d ass d ass

Figure 9 depicts the reverse reflectances of these four designs, show ng
the reduction in reverse reflectance fromclose to 40%to about 15% at

16 550 nm and appreciably less for the neutral design. By using two or nore
maski ng procedures it is possible tolBreate two or nore different col oured
patterns or | ogos on one background. Referring to Table 2, layers 2 and 3
can be conbined into a conmon | ayer, as is described in Table 1, and the
colours of the |logos and the background are therefore defined by the

thi ckness ofrhk @¥@drsd reffe@tarRéSHIMhE nedtrll 1680 3R4hé YL HLf?erQH{ gﬂbﬁ | ogo can be

formed on a gold col oured_bac};gk[‘ound. Changes 1 n background col our can be
achi eved bybackgnounds:astdepirtent insltiguteohdiffer appieciably andmiataiing ben subst r at es

i ol octri e PRy dohs By T RSkl niink il dePuy bupstliet e |

transmttangR célonsadpanbhy or 1bgo WRSHiFaMeAl bikgfolrRsPa §anByeth while
coating the netal layer. If the entrance nediumof the filter designs is

made the saWkgblgsl, and shawn imEighrad,dhe yeversernefactiatematphingimpreves eat ed with
different r gxtalrr?ﬁc%ﬂ&es%ch that no masking with neutral density substrates will be

necessary. The only negative aépect of this reverse reflection matching

is the relatively high reflectance value which may be bothersome when

used without screening by a filter substrate.

The following table depicts the three colour designs and the neutral
design discussed thusfar, with the addition of a lowermost SiO layer 54

to reduce reverse reflectance, as per Figure 3B. -

Table 2

Laver  |Material | Newral |Brome |Puple |Blue |
0 Air |- i i i ||
K Si0 . 420m | SSom | 72nm |
2 Cr 16.3nm 27.1nm 28.5nm 25.5nm
3 SiO 72nm 72nm 72nm 72nm IJ
Substrate | Glass Glass | Glass Glass Glass -

Figure 9 depicts the reverse reflectances of these four designs, showing

the reduction in reverse reflectance from close to 40% to about 15% at



but the sanme transmittance, as is explained by the following table: Table 3

Layer Mat eri al - Design 1 Design 2 Medi um BK7
BK7 BK7 1 Si O 15nm 2 - Cr
21mm 21nm 3 , Si O 15nm
Substrate BK7 BK7 BK7 17 - The transm ttances

of the two designs are identical, butlt6the reflectances differ, which will
gi ve ‘a col our contrast |ooking fromone'‘side. Figure 10 shows the
transmttances and refl ectances of the two designs, one of which will have
a bronze reflection and the other a light blue reflection. The conmon

transni t t ang§60 pineant fpphebiatdy bsts dor fife néiealtdeippe refl ectance plot is
indicated at 68 and the blue plot at 70. The thickness of the Si O I ayer

determnes the colour of reflection. Referring nowto Figure 12, a partly

soherat . vestol i S A05% HRRkl S10GRd.08 e Bbs e 8 ORI ot 19,2
wi ndows 86, nitfte aifferRat cdibuwdlpmeml@rlb?Mn enelbackgtdund. Refutiagd to the

wi ndow 86, and conprises a la ocusing lens 96 and a |1 ght chopper
98 to elim fatabl k’&Y@ﬁr?oF‘ﬂq‘@é’ﬁFé}ee?%%bmAﬂ ipiex 2 cammpen &AYER.A$ i&r r angement

100 is coup ts o t ens 104 and
a detector ?g%r}b%dsl??nr 19(1 |ca @@%tu {)t}fé:l?) gﬁé’gk&éﬁ% b%gggrf)gnlcj:oupl ed to
t he wi ndow afe therefore dafmedl@ydhe mhldlem«sstof nefdrekit Edr lekgiple, a blue

and a purple coloured logo can be formed on a gold coloured

background.

Changes in background colour can be achieved by using rotating or
stationary masks in front of the substrates during the coating process to
create a variation of thickness of the dielectric layers This process will
produce a variation in the transrmttance Consequently, the masks will

have to be removed while coating the metal layer.

If the entrance medium of the filter designs is made the same as the exit
medium a symmetrical design can be created with different reflectances

but the same transmittance, as is explained by the following table:

Table 3~
Layer Material Design |1 Design 2
Medium BK7 | BK7 BK7
1 Sio 15nm -
2 Cr : 21nm 21nm
3 Si0 - 15am
LI__Si_lirat_e BK7 BK7 BK7




The chanber holds a rotating substrate holder or calotte, which is

I ndicated in broken outline at 110, and which carries at |east one
substrate 112. A transparent nonitoring substrate 114, which may either be
“formed fromglass or a suitable plastics nmaterial, is carried on a
stationary nount at the centre of the calotte and constitutes the focal
poi nt of the optical transmi ssion and7detection arrangenments. A gl ow

di schiarge el ectrode 116 is housed within the chanber, and is used for a
prelimnary cleaning by el ectron bonbardnent prior to coating of the
substrate in order to i nprove adhesion of the layers to the substrate. Two

resi st ance- fraattfthseil fRAde’ 0f ORe HOG desiBns eeidentiad)] Bt the reldihcas 118, are
al so contained within the chanber. A quartz crystal thickness nonitoring

ar r angenent differ, whighr vikgive aseqlgungonizast lagking dwoam e sideadj acent t he
substrate 112 and coupled to-a nonitoring device 126. A central controller
and neasuring device 128 controls the optical transmtter and receives and

processes tFm@ub&hbw'smwtﬁnimnmﬂcheaﬁ@&éﬂaitamfs%@&m@ﬁn@désgﬁ;mntS 100
and 108. Cr was evaporated froma flat tungsten boat and SiO froma fol ded

mol ybdenum ene of whick wil dwave arheonzecteslection andndie\etben m lighadee was | ess

than 0.01 R ﬂe%ﬁgn.t Iﬁxe%nﬂﬂ %gsﬂéﬁ%%cgﬁ?&t%inﬁc sgt\;;@? ﬁ%ﬂ%{é Qc? (r)?t e of

approxi mat el'y nm per "second. scharge
aﬁpr (lzxi mat ef@ﬂe‘ctamfrﬁldgutgﬁc}i?dtbdratﬁle agdahe bh&ir?llbgab‘ﬁ(b.rfghaﬂﬁékrﬁﬁs and the
t hi ckness vaJ yes_of .the different layers on the nonitoring substrate 114
wer e noni to?’%eﬂ"%@q Ilﬂé’eﬁﬂﬁﬁrﬁpp?ﬁgt%?(ﬁﬂ’&éﬂémﬂCSQQHW the optical monitoring
system constituted by the optical transmtter 92, the optical receivers
100 and 108 and obtai ned by a

Referring now to Figure 12, a partly schematic view of an experimental

coating plant 80 is shown comprising a vacuum chamber 82 having an
outlet 84 leading to a vacuum pump and three windows 86, 88 and 90.
An adjustable light source 92 i‘s\ coupled to the window 86, and
comprises a lamp 94, a focusing iens 96 and a light chopper 98 to
eliminate background interference. An optical detection arrangement
100 is coupled to the window 88, and includes a filter 102, a lens 104
and a detector 106. A similar optical detector arrangement 108 is

coupled to the window 90, and is arranged to detect reflected light.

The chamber holds a rotating substrate holder or calotte, which is
indicated in broken ‘outline at 110, and which carries at least one
substrate 112. A transparent monitoring substrate 114, which may either
be formed from glass or a suitable plastics material, is carried on a
stationary mount at the centre of the calotte and constitutes the focal
point of the optical transmission and detection arrangements. A glow
discharge electrode 116 is housed within the chamber, and is used for a
preliminary cleaning by electron bombardment prior to coating of the u
substrate in order to improve adhesion of the layers to the substrate.
Two resistance-heated evaporation sources, one of which is shown at
118, are also contained within the chamber. A quartz crystal thickness

monitoring arrangement 122 comprises a sensing head 124 located



cal i bration procedure. Table 4 below sets out the initial experinental
desi gns based on the theoretical designs of Table 1. Table 4 Layer

Material Neutral Bronze Purple Blue O Ar 1 .Si O

42nm 55nm 72nm 2(a) Cr 14.9nm 14.9 + 14.9 +
14.9 + 2Z(b) Cr é%.?mm 7.8nm 6.00m (= 21.3) (=
22.7) (= 20.9) Substrate BK7 - BK7- BK7 BK7 BK7

-19- "A neutral pattern or |ogo on a col oured background was formed in the
followng way. First, a SiOlayer of 14.9 nmwas coated over the whole of
the substrate. Subsequently, the |ogo design or pattern was generated

ei ther by pasijadeattiregsubstrask 18% and tcbeplsdlteta aioajtobing pizvivei 126. oA t he | ogo or
by creating th%?J 0go u?i ng a,transfer ned) umfuch as Leiiraset aor the I|ike.

An addi t i on&ental | coptroligs sand, cmeaRuingq deKice o2& cqontrgls (the PPHFRIN ssi on
m smat ch an [+ r phi t e t correct
backgr ound g%@éﬁ?ge#%anﬁéﬁf%ﬁg gfgg@%ége%hgﬁl E)ngavbafs?lptﬁ Lse#O?%ngglged wth a
sui t abl e soloptical detebtiors anmagements|1@0andulG8her application in which
col oured | ogos were applied to col oured backgrounds, the three different
colours listed in Table 4 were used as designs. It can be noted from Tabl e
4 that the @ {aegpdlaldid ol BACKIgSEn! Bot T SO0 RGP rbREat N
transmttances to 30% at 550 nm

molybdenum or tantalum boat. The pressure in the vacuum chamber

was less than 0.01 Pa, and the Cr and SiO were coated at an evaporation
rate of approximately 1 nm per second. A glow discharge was
performed for apprdximately five minutes prior to each coating being
applied, and the thickness values of the different layers on the
monitoring substrate 114 were monitored by the monitoring arrangement
122 or the optical monitoring system constituted by the optical
transmitter 92, the optical'receivé\rs 100 and 108 and obtained by a

calibration procedure.

Table 4 below sets out the initial experimental designs based on the

theoretical designs of Table 1:

Table 4
“ Layer Material | Neutral | Bronze Purple Blue “
" 0 Air - - - -
1 SiO - 42nm 55nm 72nm .
2(a) Cr 149nm | 149 + 149 + 149 +
2(b) Cr - 6.4nm 7.8nm 6.0nm
(= 213) | (= 227) | (= 20.9)
LSubstrate BK7 BK7 | BKY BK7 | BK7




Ref erriing back to Figure 6, the spectral transnittance curves for the
designs tabulated in Table 4 are illustrated. Al though the transmttances
are matched at 550 nm it is clearly evident that spectral m snatching
exists. In order to sinplify the procedure, all the C layers in Table 4

were nmade the sane thickness, resulti1®9g in the follow ng design: Table 5
Layer Material Bronze Pur pl e Bl ue Thi ckness Thi ckness
Thi ckness 0 Air | Si O 42 + 0
42 + 13 A mputrabpattermen logo on a eglbnrad backgroundowas formed in the Cr

21. 3nm te BK7 BK7

: 21. 3nm .. 21.3nm Substr BK
BK7 - 20- fRlPwine W nBist Sjsrlégﬁlf% Oﬁm BT VY fosted PY%rrfg’ﬁ'i“(li%lﬁce val ues
obt ai ned usigfghé Sisbstdage eSiReheH] Ib&sl ] in respect
of the bronze, purSI e andlq%I ue fiy??%r ggﬂgfﬁéﬁgﬂgﬁééﬁdgg%%gté% t hough t he

t ransni t t ancéhien by positigninga maskwvehde subsa@, hypainting dnsthedogenough t o

ayer 1 oot A e e loBh a1 A el e SR b PR F b, 2"Conmon
| ayer, aftenikehi GAntfdiifiondleOn, laj& wawegheRY cédted SoOcbA¥er foi thaPp! i ed.

Before any coatings can be applied, calibration of the thicknesses of the
di f f erent ndfansmigsion mismatchsand a SiQ dayes wessubsequently applied 4o bi trary

thickness oflhie B ac%i’zreicpga&&?oﬁl{@g'(ﬁ%xt.t 'ﬁl(éemgﬁgnf %fir?ﬁltgitﬂg 18{;‘5‘ | the

was then removed with a suitable solvent such as acetone.

In a further application in which coloured logos were applied to
coloured backgrounds, the three different colours listed in Table 4 were
used as designs. It can be noted from Table 4 that the Cr layers differ
in thickness in order to normalise the transmittances to 30% at 550 nm.
Referring back to Figure 6, the spectral transmittance curves for the
designs tabulated in Table 4 are illustrated. Although the transmittances
are matched at 550 nm, it is clearly evident that spectral mismatching
exists. In order to simplify the procedure, all the Cr layers in Table 4

were made the same thickness, resulting in the following design:

Table S
Layer Material | Bronze Purple Blue "
Thickness Thickness Thickness
" 0 Air ] ] ]
1 SiO 42+ 0 | 42 + 13 42 + 30
= 4_2nm = 55nm = 72nm
" 2 Cr 213nm |} 213mm 21.3nm
" Substrate | BK7 BK7 BK7 BK7 “




tsansnjttance i s about 30% at 550 nm Any other transmttance val ue can be
I mpl emented with a mnor change in thicknesses of the |ayers. The
calibration of the SiOis perforned by coating an arbitrary thickness on a
Cr layer, neasuring the spectral reflectance and adjusting the thickness
until tHe right colour for the background is achieved. Matching of the
additional correcting Cr |ayer on théObackground has to be done as well by
adjusting this layer until the transnittance through the | ogo and the
background mat ches. The calibration procedure applies to the coating of the
ot her col oured backgrounds as well, as a result of which recalibration for
t he ot her bRekenrimgnusy ¢ Figure e dessarigus fFassmhittanosivalesrabtsiasdwas used in

order to apply a neytral | ogo or, pattern o col oured background: 1) The
subst r at espﬁﬂﬁg the abQue dgsighs 8k i at%mﬁgéﬁ%m&tﬁdnﬁﬁmq@%élﬁe| am n;r fl ow

cabi net 3 2) bidifseC EASIE Gl DIBE 'HRICES DARHCSHARISE Ui, ! ATAGH YhE Chamber

- 21 - e vac chanber was evac 0 a vacuum o ess than 0.01
Pa. 4) Just traa$mittancesarenglightlh enismasthedtar S50ams, thidjsamit ethough ao gl ow .
di scharge for_about five mnutes, .5)_ A 14.9 nmlayer of, O coated at a
rate of  appHSlERgE dhe PertormARCe.af the, fiftes ALrangeTBERURPRIEEHON. qkBF 2 cr yst al

Toni L or, OF (lhydr foNeorhbRAAGH Wit ffe WiAnSR 6AIRNSIES 1ARr8a R gal moni tor.
6) The coating plant was vente to at nosphere. 3 ThHe mas 5e i ning the
pat t er n wascapplonetiyes)afiérewkioh she ratternefalloweddbyl the £i@. layer, is

applied.

Before any coatings can be applied, calibration of the thicknesses of the
different materials is necessary. This is done by coating an arbitrary
thickness of Cr, measuring the transmittance and correcting until the
transmittance is about 30% at 550 nm. Any other trans_mittance value

can be implemented with a minor éhange in thicknesses of the layers.

The calibration of the SiO is performed by coating an arbitrary thickness
on a Cr layer, measuring the spectral reflectance and adjusting the
thickness until the right colour for the background is achieved.
Matching of the additional correcting Cr layer on the background has to -
be done as well by adjusting this layer until the transmittance through
the logo and the background matches. The calibration procedure
applies to the coating of the other coloured backgrounds as well, as a

result of which recalibration for the other backgrounds will be necessary.

The following process was used in order to apply a neutral logo or

pattern on a coloured background:

1) The substrates were cleaned with ethanol and acetone in a filtered

laminar flow cabinet.

2) The cleaned substrates were loaded into the vacuumr chamber.



9) The,vacuum pl ant was evacuated again to less than 0.01 Pa. 10) A gl ow

di scharge was perforned for about 2 mnutes. 11) An additional 10.5, 10 or
7.5 nmlayer of Cr was coated, again using either a quartz crystal nonitor
or an optical monitor until the transmttance was approximately 20%
Thereaft'er a 42, 55 or 72 nmlayer of Si O was coated, and the thickness was
nonitored with a calibrated quartz-cragstal nonitor or with an opti cal

moni tor in reflection node until the reflection signal reached a m ni mum
with a specific narrowband filter. 12) The coating plant was vented to

at nosphere. 13) The substrates were renoved fromthe vacuum chanber. 14)

The nmask weg) mewe\ﬂxmm&ﬁbemaﬂe@ﬁﬂafeatts 2Rl '(ﬁ'%ss Bafpiaern I's used
that can be nhoved in front of the substrates | e under vacuum steps 6)
to 10) can be elim nated. - 22 The sane process can be used to form

filter arr aﬂ);;hxmbbforecwptingithg sabstriteswert subipetarhtodi floar disghayge ol our ed
backgrounds, o subi.trat es, in which case the comon layer is a 21.3 nmCr
| ayer plus for 4’»“5’ The background col our is then determ ned by
t he thickness of the addltlonal Si O |l ayer surrounding the patterned area.
Thi s proces$) dpp#iSesm Iaypalotl('émms qoatesl Bt arrate ©f|appraximatedp 1dh purpl e and

packor ound A5 AR Eobfaeae Rl afale SRt BOmAR o Bl B | ayer i <

the comon transmittance was 30% when using an optlcal monitor.

6) The coating plant was vented. to atmosphere.

7) The mask defining the pattern was applied.

8) The substrates were loaded again.

9) The vacuum plant was evacuated again to less than 0.01 Pa.

10) A glow discharge was performed for about 2 minutes.

11) An additional 10.5, 10 or 7.5 nm layer of Cr was coated, again using
either a quartz crystal monitor or an optical monitor until the
transmittance was approximately 20%. Thereafter a 42, 55 or 72 nm
layer of SiO was coated, and the thickness was monitored with a
calibrated quartz crystal monitor or with an optical monitor in reflection
mode until the reflection signal reached a minimum with a specific

narrowband filter.

12) The coating plant was vented to atmosphere.

13) The substrates were removed from the vacuum chamber.

14) The mask was removed.

Note: If a separate mechanical mask pattern is used that can be moved

in front of the substrates while under vacuum, steps 6) to 10) can be

eliminated.



| ayer. The col our of the background is determned by a certain thickness of
SiO The first maski ng step is then applied, followed by the application of
a further layer of Si O which determines the colour of the first |ogo. The
second masking step is performed and an additional |ayer of SiO applied to
determ ne the col our of the second | ogo. This process can be repeated to
create further colours of |ogos. Anyzother material with simlar optical
properties to O and Si O can be used, such as zinc sul phide or zirconium
dioxide or the like. Sone of the designs referred to above have a snall
?_rrloun_t of m'smatch which will not influence the optical performance of the
Ilters, I : s relativel
difficult to aI Iaﬁﬂe Eﬂ%e%ecaﬁi ﬁé%geeéjg%? r[rﬁ %e?‘ﬁ(‘i)‘%{[h ieﬁ?%s %og??g%gg Such Y
desi gns rrayabmlusmd lbgosmﬂgifhemy aciphrethbad«gsoundseomsubsa'am,mniary bet ween

i 1 bl o 1 BhiGh FaSe: BHeLSOBPOR Y5588, Tirh BThESRRHEY HRDECHIPE S o
performed Uglya e bhetdBitha Golofe Rhoh Adiermin ;goe thickRediatchel msks ¢ hat

have been c al nt renmoved afterwards by
di ssol vi ng additionah®i®slayer rsumundmgythenpaqtettnepir areqi ng’hlsacplﬂm:qaes or |aser

‘printers; . masks a ied u l, kK t h
phot ogr aphi é%’Bk?ﬁ:&QéEtl‘gﬁ%rh g4 gm&@séleﬁ%?g ng’i’] B gf"ssbhé any ot her
obscurat i onphERBUAME-

Applying more than one coloured logo on a specific background entails
more than one masking process. The 21.3 nm Cr layer is the common
layer. The colour of the background is determined by a certain
thickness of SiO. The first masking step is then applied, followed by the
application of a further layer of SiQ which determines the colour of the
first logo. The second masking step is performed and an additional layer
of SiO applied to determine the colour of the second logo. This process |

can be repeated to create further colours of logos.

Any other material with similar optical properties to Cr and SiO can be

used, such as zinc sulphide or zirconium dioxide or the like.

Some of the designs referred to above have a small amount of mismatch,
which will not influence the optical performance of the filters, but which
may be picked up by the human eye. It is thus relatively difficult to
align two designs perfectly without being noticeable. Such designs may
be used in sunglasses applications, where the boundary between the
pattern and the surround will be out of focus and consequently invisible )

for all practical purposes.

The masking procedure can be performed using the following

techniques:



The optical filter arrangement of the invention has nunerous possible
applications. Typical exanples include: the wi ndscreens and w ndows of

not or vehicles, |oconotives, aeroplanes, boats and any other forns of |and,
sea and air transport; visors for helnets and the |ike, sungl asses,

goggl es; spectacl es and possibly contact |enses; all forns of architectural
gl ass, including w ndows, shopfronts23s]iding doors and advertrsrng panel s;
optical |enses and filters used in caneras, tel escopes, binoculars and the

like; lights, bulbs, lanmps and the |ike; and transparent plastics filns and
any ot her transparent constructions such as skylights and sun-roofs. 24
- CLAIMS 1. aPPt Mélnzhidal flaskd ANRATEBEe OPI Sap; at | east two

optical filter ment s, &eotalscf Pgl?ter ﬂ?ementsa?gfiningafirst area

and a second ar eéb)oor aimrksrgainrneﬂ bnmed remewed tafterwands tbyadissolviagi ng

substantially the sane optical sm ttance characteri sti c as the second
area and di fryereZ‘E) opl“?el’,r ?PF‘é‘fqdfe %&kdﬁﬁpggflggrt C}rrgguqs\/%rr BT | east a

portion of the visibl rinlget rum whereby the di-stinction between the first
area and the second afea is visually perceptible when viewed from one side
of the optical fid}er nmskaagpIMusmgrdxlkssrmm techiiguey; vi sual |y

| mper cepti bl e Wn?rs vi Wefjograp%lc processes such-as photo-etch techniques; or

(f)  any other obscuration technique.

The optical filter arrangement of the invention has numerous possible

applications. Typical examples include:

- the windscreens and windows of motor vehicles,
locomotives, aeroplage’s, boats and any other forms of
land, sea and air transport; _

- visors for helmets and the like, sunglasses, goggles,
spectacles and possibly contact lenses;

- all forms of architectural glass, including windows,
shopfronts, sliding doors and advertising panels;

- optical lenses and filters used in cameras, telescopes,
binoculars and the like;

- . lights, bulbs, lamps and the like; and

- transparent plastics films and any other transparent

constructions such as skylights and sun-roofs.



opposite side of the optical filter arrangenent. 2. An optical filter
arrangenent according to claim1l in which the one side of the optical
filter arrangenment is a patterned side and the opposite side of the optical
filter is a non-patterned side, and the distinction between the first area
and the-second area is al so substantially visually inperceptible when
viewed fromthe non- patterned side f the optical filter in reflected
light. 3. An optical filter arrangemént according to either one of the
preceding clains in which the optical filter el enents—+neltude—atransparent

substrate and at | east one optical coating applied t f i a
predeterm ned pattern. 4. An optical filter arrana Hm ‘mntlm“ro
l c L [

claim3 in which the optical coating includes a plura wersying
optical thi gLAIMS. 5. An optical filter arrangement according to claim
4 in which the optical thin filns include at |east one netallic thin film
-2 5 - 6. An optical filter arrangenent according to either one of

o e ) B e O R sk e
one of the preceelengnts,ahewpticabfiier elentent$ definingpa ifirst] arehiand &1 ns i ncl ude
o Least one, M xed bl e LRGSTRL VAL R ARhand BEChERhilRLLS, O
D e et I RS Bt e W 1

second area and different optical reflectance characteristics over

at least a portion of the visible spectrum, whereby the distinction

between the first area and the second area is visually perceptible

when viewed from one side of the optical filter arrangement and

is substantially visually imperceptible when viewed from the

opposite side of the optical filter arrangement.

2. An optical filter arrangement according to claim 1 in which the

- one side of the optical filter arrangement is a patterned side and

the opposite side of the optical filteris a non-patterned side, and

the distinction between the first area and the second area is also

substantially visually imperceptible when viewed from the non-

patterned side of the optical filter in reflected light.

3.  An optical filter arrangement according to either one of the
preceding claims in which the optical filter elements include a
transparent substrate and at least one optical coating applied to

the substrate in a predetermined pattern..

4. An optical filter arrangement according to claim 3 in which the

optical coating includes a plurality of dverlying optical thin films.

S. An optical filter arrangement according to claim 4 in which the

optical thin films include at least one metallic thin film.



determining the transmttance of the filter arrangenment and the thickness
of the dielectric thin filmdeterm ning the colour of reflection of the
first or second areas. 9. An optical filter arrangenment according to
claim8 which includes at | east one subjacent dielectric thin film

i nt er posed between the netallic thin filmand the subs T [e}
back or reverse reflection. 10. An2agptical filter armﬂmmnmmunng
to cllaim6 in which the optical thin fil'ns conprise a stack of di elSectric
thin films, with contiguous thin filnms in the stack having differing
refractive indices. 11. An optical filter arrangement according to claim
3 in which ghe th@%ﬁﬁéﬁ!ﬂlte&%ﬁér{r%hf‘enk BeQYrARTAC St G 8 clhidh{ €71 Ng rmeans
adapted to reduce transm ssion Imbalance I n spectral region so as to
provi de a transnisei Snircethichr thaloptical thift. filmsAcomptisel avfledsoronieng an opti cal
filter arrangenent.c risifg the - 26- steps of: providing an optical
substrate; selec 1%"‘9"3%’%"%‘& | coating and applying it to one face of the
substrate; and formng a predeterm ned pattern in the coating so as to
define first and second areas; whereby the first area has substantially the
~ sanme optical. traAamoptigalc filteh saraangementi accobding hiws ady f e exfit thept i cal

refl ectance

preceding claims 4 to 6 in which the optical thin films include at

least one mixed thin film comprising a metal-dielectric mixture.

8. An optical filter arrangement according to claim 5 which
comprises a subjacent metallic thin film and a superjacent
dielectric thin film, with the thickness of the metallic thin film
determining the tralismittance of the filter arrangement and the
thickness of the dielectric thin film determining the colour of

reflection of the first or second areas.

9. An optical filter arrangement according to claim 8 which includes
at least one subjacent dielectric thin film interposed between the
metallic thin film and the substrate for reducing back or reverse

reflection.

10.  An optical filter afrangement according to claim 6 in which the
optical thin films comprise a stack of dielectric thin films, with
contiguous thin films in the stack having differing refractive

indices.

11.  An optical filter arrangement according to claim 3 in which the
transparent substrate incorporates integral filtering means
adapted to reduce transmission imbalance in a spectral region so

as to provide a transmission colour balance.

12. A method of forming an optical filter arrangement comprising the



characteristics over at |least a portion of the visible spectrum conpound to
the second area so that the distinction between the first and second areas
is visually perceptible when viewed fromone side of the optical filter
arrangenment and is substantially visually.inperceptible when viewed from
the opposite side of the optical filter arrangenment. 13. A et hod
according to claim12 in which the. opdi.cal coating and—thesubstrate are
chosen so that the backside reflectanceé of both the fir, as
when viewed fromthe opposite side of the filter arranémmﬁmi“ﬂmumgd
light is substantially identical. 14. A met hod accordifgcoLrel whes one of
clainms 12 or 13 %/Ygﬁ{]gfn said optical coating conprises at |east two
overlying optica 'n filmlayers and the step of applying the optical
coating conprises thepsividifig@h cprichlysubgtrates thin filmlayers to the
substrate, masking at | east one of the thin filmlayers using mask whi ch
defines said pattern, SeingaHOPtc! cortingand applying ntogpadaceebording to

cl ai m 14 wherei n sai d;Qpg LRy filmlayers are chosen froma group
conprising dielectri cﬂ%i%dr?éahtr?étlag?l ic films and netal -dielectric filns.

27 16. A net hod accfordiing atpredétermined patterd inhthehcaatiogstess tde step of
nmoni toring the thi ckn&s es_.of the optjcal thin filmlayers so as to achieve
the desired optical t "at?FﬁT@fsﬁ &€ pE@Pect ance characteristics. 17. A

met hod accor di ngwheredy et &edl HBs Ihbsanti@lyhiteh shiel Wistieal

transmittance characteristics but has different optical reflectance

characteristics over at least a portion of the visible spectrum
compound to the second area so that the distinction between the
first and second areas is visually perceptible when viewed from
one side of the optical filter arrangement and is substantially
visually imperceptible when viewed from the opposite side of the

optical filter arrangement.

13. A method according to claim 12 in which the optical coating and
the substrate are chosen so that the backside reflectance of both
the first and second areas when viewed from the opposite side of .

the filter arrangement in reflected light is substantially identical.

14. A method according to either one of claims 12 or 13 wherein said
optical coating comprises at least two overlying optical thin film
layers and the step of applying the optical coating comprises the
steps of applying the thin film layers to the substrate, masking at
least one of the thin film layers using a mask which defines said

pattern, and removing the mask.

15. A method according to claim 14 wherein said optical thin film
layers are chosen from a groﬁ_p comprising dielectric films,

metallic films and metal-dielectric films.



the steps of providing a reference |light source, a transmtted |ight sensor
and a reflected |ight sensor, interposing a nonitoring substrate between
the light source and the. transmtted |ight sensor, depositing at |east one
optical thin filmlayer onto the nonitoring substratein-a-continuous——

deposition process, neasuring the transmtted and reflec | i g
the deposition process, and term nat2hg.the deposition H HII Itl EW _
desired optical transmttance and refl ectance character ! - '

achi eved. 18. A nmet hod according to claim 17 which includes the steps of
providing at | east one substrate in a region of the nonitoring substrate
and subj ectiqrg t : b dio s t he
nonitoring slgbst Pﬁ{rﬁéfﬁ?%ﬁ@é&iﬁlﬁé?%% aﬁ%‘?ﬁﬁlgic‘}t}%ﬁgﬁeégﬂ?ﬁ?ﬁ%e pr ecedi ng
clains 12 to 18 whéomitoringthedbickhémsesoftheadptital thin fihg layexpsctasad r egi on of
transm ssi on col ouy, i nbal ange.and pr.ovi di ng t.he substrate with filtering
means to reduce 9 ef’?a?n}é‘hi %SFIGH BBFIS%H tquﬁ‘g}lﬁﬂ%‘? i NG FELEHROCE a1 1 egi on.
20. A et hod a(‘cﬁgf te¥ktic® any one of the preceding clains 12 to 16 in
-which the thin filmlayers are applied by a vapour deposition process, a
phot o- | i t hographi c process, a dipping process, a spraying process or a

sputtering H72¢®R method according to any one of claims 14 to 16 which includes

the steps of providing a reference light source, a transmitted light

sensor and a reflected light sensor, interposing a monitoring
substrate between the light source and the transmitted light -
sensor, depositing at least one optical thin film layer onto the
monitoring substrate in a continuous deposition process,
measuring the transmitted and reflected light during the
deposition process, and terminating the deposition process when
the desired optical transmittance and reflectance characteristics

have been achieved.

18. A method according to claim 17 which includes the steps of
providing at least one substrate in a region of the monitoring
substrate and subjecting the substrate to the same deposition

process as the monitoring substrate.

19. A method according to any one of the preceding claims 12 to 18
which includes the step of detecting a spectral region of
transmission colour imbalance and providing the substrate with
filtering means to reduce the transmission colour imbalance in

the spectral region.

20. A method according to any one of the preceding claims 12 to 16
in which the thin film layers are applied by a vapour deposition
process, a photo-lithogra'ph'ic process, a dipping process, a

spraying process or a sputtering process.



