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for & viewer the lonses each having a radius of curvaturs between ghout 142 inch and 4

inches
In general, in one aspect, a first lens includes roll-conted lavers of materials
seiected 1o transmit gl having a fivst set of wavelengths, and a scoond lens includes

roli~cogted layers of materials selected to fransmit light having @ second set of

wavelengths,

P

7 general, i one aspect, 8 lens passes, 1o one eve of 8 viewer, a Hrst frnage, na

tirst wavelength, that &s appropriate for 3D viewing of & sterenscopic hnage

A

453

implomeniations may inchude one or more of the following features. & second
teny passes, 108 second ove of the viewer, a sccond image, In a second wavelength, that i

3D viewing of the stereoscopiv image. The lens
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inchides a substrate sheet and a layer having stress, in which the curvature of
result of the stress. The fivet and second lenses are arranged so that when wom by a

ection on a domed screen, light from any point on the dome
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passes through each lens at an angle of incidence near perpendicular to the surfaee of the
1
tens

in general, in oow aspect, aiternating lavers of at least a st and second material
having differont optical properties are roll-coated onto 8 substrate. Altermatiag levers of at
fcast the first and second muteriads are roll-couated onto 8 second substrate. Thicknosses of

transnut hght having a fivst set of w:;we:imgihs and not transmit Hght Baving & scvond set

of wavelengthe, and the layers on the second substrate will transmit Hght having the

second set efmx&:l@;}gﬁ‘ss‘ il st framsmait Hght having the first set of wavelengths, A

portion of each of the Hrst and second coated substrates is removed, and the portions are

assembled inio a frame configured to position the portions, one near each eye of & waarer

£
when the frame is worn on the head of the wearer
Implemenigtions may inchude one or more of the following features. The first

fioon Dioxude i‘\@"’? The second material is Niobinm Pentoxride (NGS5},

2
A

i

Hoxide {THD) ov Tantahum Pentoxide (Ta2015). A property of at least one

fayers is selected so that the combination of the layers has g stress, in which the stross

wrvature, A fivst piece is o from the finsd coated
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medrang that the bands do not have any wavelengths in common above approxhmately

v

five pereent of peakl intenaity, e.g., above point 213 in Fig, 2

or this type of prajection, a similar projection system o that shows in Fig. | can

i

P

be ueed, Instead of the color flter whee! 104 having three eolors, i has s
coreesponding to the six bands 202L, 2048, 200L, 202R, 204R, and 206R. Alternatively,
the three~eolor wheel can still be used, with a second filter or set of fiters used to spiy
each color o the two appropriate bands. In such & gysiom, the mage sowee produces’
six images per frame, Le., red, blue, and green components for each sve. The viewer 114
wears glasses 116 with fltors that allow each eye to see the three hands used for the

i

vorresponding image. Such g system has advantages of providing a full-colne

Lo o

q

>

B’iﬁi‘iﬁ{},‘:‘:i}{}};ic image over § wider viewing angle than systems using polarized lght
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Three-Dumensional Projecting of Barret li.;ippe}x filed on the sarse day as this applics

and mmrpmza‘i od hete h}f veference.

glasses with fenses ineluding filters that allow cach eve 1o see the three colarbands used

R ¥ KO0 A el 2

{or the corresponding tmage and not those used for the complamentary imags mean oy

the other oye. One way 1o produce such a lens uses & batch-coating process o produce

gach lens

complex optical filters inexpensively on thin, flexible

subsirstes. A voll-conting process involves coating a series of thin layers of different

a batch process typically coats on individual, small

pteces of glass oy plastic § s ot flexible, the roll coating process can deposit coatings

onto @ voll of Hextlde plasy b that i3 continuously passing through the costing

charsher, One substrate material that may be used s PET (polvethylene terophthalate},

becanse of s strength, low outgassing, high heat resistance, and low cost, The PET
substrate can be approximately 00057 to 0.01587 thick. The width of the substrate is

typically about 1 foot io § feet. Gther possible substrate materials include polyearbonate,
polymethyl methaorylate and transparent polyimide. Thin volis of these §30§}-'mmi::

¢ Hexible enough to be bent around & radiug of spprocimately 17

materials

PR ST T
STRCES TaLUTS,
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o

As shown in Fig. 3, a large voll 300 of the plastic film to bo used as g substrate is

4.‘7

mounted on one end of the machine. The subsivate 307 i3 fed through g vacuum fock 304

o the coating chamber 306 whick Is kept at low pressure. As # transport mechardam

308 maves the sabstrate 302 through the coating chamiber 306, thin layers of optical
8 materisls are sputtered or evaporated onto the substrate 3072 ag # passes in front of
suceessive deposition rones 310 with sputier or evaporation rmu 31 The substrate

g

of depusition can be removed through the drum. The substrate then passes throngh

10 spticed onto the end of g previous roll that Tans out. The machine may be dest igned 1o be

t

run withowt stopping nntil maintenance s needed. Typieal maintenanoe Includes

. 5

eplacing sputier or evaporation targets 312, cleaning shields 318, and replacing worm-out

o

~

squipmnent. Yor complex cogtings, the substrate 302 may noed to be run through the

machine muhtiple times. Back and forth motion of the substrate through the deposition
1§ zenes ean be used f the plastic-{thn transport mechanizm 308 allows &
The rolls can wal g?‘- ap to several hundred pm.:nd:; cach and can be many

breaking vacuun of nf:\:dmg imm‘z ¥ 1-}1;&*&1}“ neach time subsirates are loaded, the

20 cost of *0%1 oating can be much lower, After the rollcoating process, individual pleces
ave cul out of the substrate and sssembled into glasses. The individaal pleces can be used
as lenses themselves, held in place by the frame of the glasses, or they can be laminated
onin more substantial glass oy plastic lenses

Each of the lavers of optical material has certann optical properties {e.g.

o8 alternating layers of mc y refractive index and low refractive index), and the combination
of the layers iy designed to preduce the filtering characteristios desired for » particular
appHeation. In the caze of iriple bandpass filters for 3D glasses, the goal 15 to bave a high
fransoission of the bands for each eve and high rejection of other Hght, inchuding the
hands nsed for the opposite ave, as shown in Figs. 2B and 2C. Fig. 28 shows the

30 fravsmiaston rate it the three hands 2021, 2041, and 2061 used for the kel eve, and Fig

3

2¢ shows the fransmissicn rates iy the three bands 2028, 204R, and 206H used forthe
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sight eve. The steep sides of the peaks repres ting the bands ave desirable to reduce any

bieeding over of Hght from the complementary bands, a problem referved 1o as vross-talk.

An sample of a triple bandpass filter design {x shown in Fig. 4. Table 400 Hets

the materials in cohumn 402 and their thicknesses in columns 404 and 408, The calculaied

speetrad performunce of the thicknesses listed in colomn 404, for the left sve, Is the basis
of Fig. 28, By increasing the coating thickness of every layer by ahout 8%, the spectrad

curve of the coating can be shifted 1o longer wavelengths to make the corresponding Hiter
for the vight eve, as shown in elumn 406 and Fig, 2C. The amownt of the shift in

kd
3

wavelengih is squal 1o the amount of inerease In coating thickness, so the amount should

be selected o shift each pass band 2021, 2041, 2081 far enough 8§

SO2R, 204K, 206K do not overlap the original ones. 1t hay been found thae for good

performance, average transmission in the pass-bands 2021, etc., should be approximately
80% or greater, and the average transmission in the blocking bands. that is, for
wavelengths outside the pass-bands, should be approgimately 0.5% or less. The slopes of
the band edges, .., edpe 207 in Fig. 2G, between the poinds 209, 211 where 20% and

8% of the available Hglt I tansnuitted for cach pass-band, should be approvimately 1%

&

of the center wavelengths of the respective bands, By slope, we mean the spacing of the

endpoints of 2 wansition band between @ pass band and a stop band a3 a percentage of the

tdth of the conter of the wavelength band. The wavelength wleranee of sach band (that

i

Yo Teneapreera e vt ol
15, the tolerance by which

s

wavelength of the center of the wavelength band may vary}

e
(&7

shonid be less than approximately 2% on cither side of the nominal conter wavelangth of

Filtses made by this process can be used in both the glasses wown by 2 viewsr and

a8 the filters within the projecior tself, with appropriate adjustments made for the

geowmetry of the projector, for example, i light 1s incident on the filters at some angle
other than zern degrees within the projecior

i stamve examples, because the substrate used in the roll-conting process v a thin
Hexible sheot of plastic, the fillers used for the glagses can sasily be curved Inlo a

cyiidrical shape, as shown in Fig. SA. Opce shaped, the filters can be held in the desived

shape by the frame 310 of the glasses 500, Allermative >E} they conld be laninated oo a

glass oy plastic Tens having the desived shape. This flextbility provides an advantage over

8
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batchi-coated provesses, as it allows a wniform coating over a cupved surface. since the

surfgee ts kept Hat during the comting process. Roll conting using S;Tsi.iii‘&?{fafi%i or

»
X
1

evaporation is a directional cogting provcess in which the material being deposiied moves

i a straight Hie fom the source to the substrate. This resulis tn a uniform on ating on 8

Hat surface with appropriate masking and process contrel, Thickness uniformity sheuld

\.

he within abont -+« 296 o achieve the tolerances on bands discuszed ahove, Oither © oating
I SR I - g - " o ¥ < . i .
methods, for sxample chemieal vapor deposition, that can cost highly curved surfaces

because they are non-divections! tend o be expensive compared spui*&:zriﬁg or
sviporation. Sinee roll-coating works with a flexible substrate, i allows inexpensive

directional coating procosses 10 be wed o create curved lenses,

Carved lenses 302 are positioned in glasses 116 so that they maiatain & uniform

distance 13 along their lengths from the center of the eyes 304, As shown in Figs. 5C and
33, this helps provent shifting of the ransmitted wavelengths due to o changing angle of
meidence {AODH 305 (as measured between the incldent light and a nermal 307 from the

lens 306} ag the eyeball rotates to ook throwgh the left or right edges of the glasses.

Incident light $08a, 308, and S08c passes through the lens 502 to the ove ata relatively

presre

ens 506, the AQT 503 of Light 5308a and 508¢ entering the lens $96 from the sides is high

1

{whether the viewer rotates his eves t the side or stmply sees it through his peripheral

2y

vision}, while the AQT of light S08b entering the lens 306 from straight abead is lew, This
will adter the frequencies admitfed by the filter, ay shown in Fig, 6, resnliing in a ghosting

by

xes of the viewer's field of view, Insomw
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examples, the curvature of the lenses 302 may not be complete
have g varisble vadius of curvatare. The distance between the fens and the conter of the

gye should be relatively uniforny, as compared to fraditional lat or slightly curved lonses.
In geveral, each lens should have a curvature centered on the center of the eyve and with a
radius of curvature approximately equal o the distance fromt

N

eve, for example, 12 tnch for lenses very close to the eye, or as much as foor nches for

3 ~ 3

fenses sttuated farther from the eve. Slightly curved traditional lenses typically have radii

of curvatare of around twelve inches.

s
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Crraph 000 shows eross-talk resulting from light passing through & flal lens ot two
g o at

different angles. Line 802 shows that at 0°, littde of the Haht projected for the right-eve is

.)
5

admitied by a lefi-eye filior in the glasses, Ling 604, however, shows that at 30° AOL

large peaks 606, 608 of blue and green light are transmitted at speeiiic wavelengths,
Lomparing the wavelength of these peaks o the left-eve hands 2028 and 2041 shows in
Fig. 28, one sees that, at this angle, the leff eye will be receiving I ght meant for the righe

eye. With & vurved lens, all the Hght reaching the eye has come through ¢
AL no matter what divection it came frora, preventing this cross-talk,
Even the thin Hexible sheets used in a roll coating process are not casily curved in
two direetions at onee, so such lenses will generally be curved in the horizontal plane, as
S 3AAC and 7, such that the up/down direction will siil have some

. This chotoe 18 made because the vertical range of eyeball motion

+is generally mueh less than the horizontal angle {arrows 706, T08). The
lenses could be curved {n the vertical direetion. ag shown in Figs. SH and 503, #ihe nsture
of the prajection, for example, roade vertical eve movement a graater concem.

«y

some examples, A sputtered coating has compressive stress thal contributes to g

£

batlt-in cwrvature inthe »z‘“i}"kij filter that i3 relatively low-siress compared to hending

essof the substrate and s material,
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a subsirate that stagt

fvort

the built-in purvature can be adjusted 1 the proper curvature 1o maintain low A0 for al

substrate part-way to the desived shape, so that the additional curvature thet smst be
acided does not stress the coating as nauch as it would if the substrate wers natwrally flat,

{f the disiance between the Blisr and s

":’e"

wid alzo be P This natueal radies can be schioved witha
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s;‘mtterﬁd conting that is depostted with typical stress values and a polyearbonate subatrate

and the same spaftered coating has a natural radius of approximadely

N

v

stifter subsirate materiad, but this material can bent imte the 17 radius withont degradation

to the coating. Experynentyl reduetion of the spectral shilt was confirmed fora large

range of hurizontal oveball angles by building plasses based on the PET substrate bent

in
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FETY

sate 8 17 radins, Dther corvatures may be used. for example, giving up some bnage

%

qualily to allow a more comfortable fit, or to fit over prescription EVE WER

[

The curved lenses enabled by roll-coating the flters muay be partivularly

advantageous it domed-sereen or cylindrical-screen theaters. For example, domed

o

{ motion than flat screens, and roli-voated ¢ coatings
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allow casy curvature of the glagsss to reduve ghosting due to crosstalk between pyes.

Diowmed soreens allow objects (© approach the viewer from the lef and right In addition to

e

the ff.‘@ﬁ‘iﬁ and a curved lens muaintains the Musion of depth even for images in the

o3

{ither maplementations ave within the scope of the claims. Por example. the filters
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WHAT IS CLAIMED IS

i A apparatas comprising

a leves beaning a plarality of roll-coated lavers to pass, to one eve of & viewes, a
first imsage, in @ et band of wavelengths, that 1s appropriate for 31 viewing of'a

SLETEOSE 0@"1\; li"i‘dg

2. The apparatus of claim ¥ iy which the lens comprizes favers adbered 1o g substenie
i a roll-cogting process and having optical properties and thicknesses such that the

e lavers transmits Hght within the frst band of wavelengths and does

3
- At

combination ot t
not frangmit hght within 2 second band of wavelengths.

The apparatus of claim 2 in which the optical properties and thicknesses of the

favers are such that the combination of the lavers tansmity Hght with a thivd and fourth

hand of wavelengihs and does not travsmit Hight within a fifth and sixth band of

wavelengths.

4. The apparatos of clatm 1 also comprising
a second lons bearing a roli-costed layer fo pass, to a seeond eve of & viewer g

second image, in a second band of wavelengths, that is complernentary to the first irvage

for 3D viswing of the slerecscopie muge.

5. The apparatus of vlainy 1 in which

the first band of wavelengths comprises a band of wavelengths arpund 435 nm,

&, The apparatus of claim 2 inwhich
the frest band of wavelengths comprises a band of wavelengths around 435
and

the second band of wavelengths comprises a band of wavelengths svound 4

:-v-ﬁ!

The apparatus of olaim 3 1o which
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the first band of wavelengths comprises a band of wavel tengths around 435 nmy,

-

the second band of wavelengths comprises 8 band of wavelengths around 478 ne

e
fanol
pos
e
ags

third band of wavelengths comprises a band of wavelengths around 310 o

-~

> fourth band of wavelengths comprises 8 band of wavelengths around 610 am,

e
P
41
s
z

the fifth band of wavelengths comprises # band of wavelengths around 550 nm.
and

the sixth band of wavelengihs comprises a band of wavelengths sround 660 nm.
8. The apparatus of clatm 1 in which the lens comprises

a substrate sheet having curvature,
the roli-coated layer having a generally untform thickness normal to the sheet at

points along the curvatues,

fave,

3 1

the curvature being such that when the lens is positioned near a persor’

fay

W

points along & surface of the lens, in one plane, ave a relattvely uniform distance from the

3. The appamtos of claim 1 in which the lens comprises

a subetrate sheet having curvature,

the mli-coated ayver having a generally nnilforn thivckness nonmal to the sheet at
points along e curvature,

3

the curvature having a radius of corvatore such that when the lens is positioned

-

noar & person’s face, the radius s approximately equal to the distance between the coating

anad the center of the eve.

L The apparatus of olaim @ i which

N

the vading of curvature is bebweer about 12 inch and 4 inghaes.

(3]

th, Asotof glasses comprising

a first lons inclading & roll-coated filter to pass hight in a first sel of bands of

wavelenpths and reflect light in a second set of bands of wavelengths, and
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a second lens including  roll-coated filter to pass light in a portion of the second

set of bands of wavelengths and refloct light in a portion of the first set &8 wavelengths.

s
]

An apparRius comprising
glasses (O view g stersoscopic mage, the plasses comprising
& firyt Jeny bearing a roll-comted optical layer to pass, 0 one eyve of & viewer,
first pmage that i3 appropriate for 3D viewing of the stereoscopic image, and
a secand lens bearing a voll-conted optical layer to pass, to a second eve of g
viewsr, a second image that Is complementary to the first image for 3D viewing of the

{slasses, to view g 3D ftame or video presentation, comprising

a supporting structurs, and

pair of curved lenses, cach lens bearing lavers having a substantially constant
thickness normal © a surtace of the leus, the lavers configured fo filler inages of the
presentation projecied in twe noroverlapping bands of wavelengihs of Hght as they are

vicwed Uwough the lenses, © prodoce a 313 impression for a viewey

the lenses cach having a radius of curvature between about 1/2 inch and 4 inches.

T
s

An somaratus comprisin

%

g Hrst lons including roli~costed layers of materials selecied to wansnt ight

having a fivst set of wavelengths, and

a second lens including roll-eoated layers of materiale selected 1o transmit Hght
having s second set of wavelengths,
i3 An apparatus comprising

@ Jens to pass, to one eye of a viewer, a first image, in a frst way elongthy, that is
approprisie for 3D viewing of @ stereoscopic image

the lens having & survature such that when the apparatus 1 positioned near the
viewer's face, points along the surfaces of the lens, in at keast one plane, are a relatively

gniform distance from the viewer’s eve.
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16, The apparatas of claim 15 alse compristog

3 second lens o pass, o a second eye of the viewer, a second Imags, In & second

}!,

um-cimgtx L that s compiementary o the first in rage for 3D view g of the SESFROseORIL

H N 2

the second lens having a curvature such that when the apparatus is positioned near

oy

v

the viewer's Tace, points ﬁh‘mg the surfaces of the lens, in one plane, are & relatively
uniform distance from the viewer's second eve.
170 The apparatus of claise 15 in which the lens comprises & substinie sheet and &

jayer having stress, in which the curvature of the lens is a result of the stress,

PR, Ap apparstas comprising

a lens 1o pass, to one eve of a viewer, a first image, v a frst band of wavelengths,
that = apprapriste for 31 viewing of a slereoscopic image

the lens having @ curvature with a vadiug of corvature such that when the

dewer's face, the rading is approxinately equal o the

u
v
=
P
£
ok

-+

ﬁ
et

apparatus is posiioned neay
distance betwees the coating and the center of the oye
19, The apparatus of claim 18 also comprising

ewer, a seooiud Image, i 8 secoad

e
yox

a second lens 1o pass, to a second eye of the i
wavelength, that s complementary © the first image for 3D viewing of the stercoscopic

image,

7

the seoond lens having 8 curvature with a radins of curvature suel that when the

apparaius is positioned near the viewsr's face, the radius squals the distance hetween the

coating and the conter of the second eye.

Rl The apparatus of claim 18 in which the lens comprises g substrate shest and 8

layer having & stress, in which the curvature of the lens is a result of the stress.

(Y
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bl Ve iy H 1
21 The apparatus of claim 18 in which the radius of cursature is hebween shout 177

inch and 4 inches.

24 The apparatns of claim 19 i which the first and sevond Jenses are arranped s

pac

5

that when worn by & vipwer while viewing a projection on & domed screen, Hght from

any et on the dore passes through each lens af an angle of incidenve near

perpendicular to the surface of the lens,

23 A method comprising
roli-costing alternating layvers of at loast a first and second mwerial havin

Fiad

ifferent opticad Y)I‘(‘;‘C“i;sf‘s ot & substrate,

;w..

< N

thicknesses of the lovers having been selected so that in combination,

the lavers on the first subsirate will fransmit Helt having o firstset of

o e

wavelengths and not transmit lght having a second set of wavelengihs, and

the lavers on the second substrate will transmit light faving the second set
of wavelengths and not transmil light having the frst set of wavelengths,

renoving a povtion of each of the fiest and second conted substrates, and

o

assenibling the ;wuﬁim}.&: wto a frame configured to position the porlions, one neay
each eyve of & wearer when the Same I3 worn on the head of the wearen

24, The methed of claim 23 In which the fivst material is Stlicon Dioxide (S8}

The method of claim 23 which the second material s Ninbiom Pesdoxide

Yoncd
1, AY

(b ), THandum Dioxide (TH0) or Tantalom Pentoxsde (Tazls)

26, The method of claim 23 in which a property of at least one layers has been
selected so that the combinstion of the layers has a stresy, In wihich the siress causes the

substrate to oxhibit 2 curvahes.
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