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iField of VO W M8ention 5 The present inventi BRTUSPSHIAWS
generally to an optical filmfor inclusion in an optical display

assenbly. Mre particularly the invention relates to a structured opti cal
filmused in conbination with a |ight source to control the |um nance and

vi ewi ng angl e of an oRINANCHCONTHOETIM 10
e typlca

Background of the Invention optical display
assenbly contains a light source that is required to observe the

i nformation presented by the display,, In battery powered equi prent |ike

| apt op conputers, the |ight source f, ¥ a substantial fraction of

t he total powver “ag,{‘ , ' ' e

amount of power requ 0 pro uce a% %g ) Eo m:ﬂbﬁfn u%hﬁg%ég‘auiﬁ%@?‘eg@es

~battery life wﬁoamusptamsmﬂi)almrmwhﬂydwmdnﬁm relagesjto aatractured optical
t.

equi piren ﬁlmusedmcombmauon wnthahght source to control the luminance and viewing angle

of an optical display assembly.

10 Iia_clcmy_u_wfm.lmm_m
~ The typical optical display assembly contains a light source that is required to
observe the information presented by the display. In battery powered equipment like
laptop computers, the light source can represent a substantial fraction of the total power
draw of the equipment. Therefore, reducing the amount of power required to produce a
15 given luminance, increases battery life which is especially desirable in bat;ery powered
equipment. |
The 3M brand Bnghtness Enhancement Film available from the 3M, St Paul,
- Minnesota, USA, is used to address this problem. This material is a film that includes a
periodic array of prisms. The prisms are large in comparison with the wavelength of
20 - light. This material collects light from "off-axis" and redirects or "recycles" this light
| ”§n—mds" toward the viewer. In use, this material increases the on-axis luminance at the
expense of off-axis luminance. In this fashion, the material can help the display designer
achieve the desired amount of on-axis luminance with reduced power consumption.
However, with this product there is a sharp decline in luminance as one views
25  the optical display assembly off-axis. The sharp reduction in luminance for an off-axis
observer has proved to be undesirable in some applications. |
Another problem associated with the use of periodic films in optical display
assemblies is the generation of moiré patterns that are visible to the viewer and are
distracting and undesicable. | |
30



The 3M brand Bri ght ness Enhancenent Film available fromthe 3M St. Paul,
M nnesota, USA, is used to address this problem This material is a film

t hat i ncl Wie96/10148 periodic array of prisnms. The pri sPCTAISOS/IEPGe | n
conmparison with the wavel ength of 20 light. This material collects |ight
from"off-axis" and redirects or "recycles" this |ight "on-axis"

toward the viewer. In use, this mterwreases the on-axis | um nance at
t he _ expense of off-axis lumn n this fashion, the material
can hel p the displ a'hedimmgnercontrol film ofahhlpeesmttnhwﬂelsladdrdssemﬂwnprou&mn axi s
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appl i cat i ofis. micrometer to apprommateﬁmthirtyamcmmtdrenﬁusdnﬁaﬂmﬂuuomﬂ'bmumé of
periodic fllns I n opt.i.cal . display ~assenblies is the generation of

noi re patter nf¥Q P@es\ﬂ‘% wayelength of fighty | cver and are di stracting

an undesirabl e. A%ﬁlglesheetoftlnslummancecomlﬁlm_myb_eplacedoveralightsaurceto

improve on-axis luminance while producing a “softer” luminance drop off as the viewer
moves off the central viewing axis. Two pieces of the luminance control film can be
10  stacked together producing a uminance control film assembly. In the luminance control
film assembly the prism axes are “crossed” and the assembly is placed over a light
In either configuration the prisms interact with the light emanating from the light
source to control the luminarice of the display by diffractive scattering and by "recycling”
15 light The diffractivé scattering reduces the slope of the curve of the luminance as a
function of viewing angle. This process results in the "softer” fall off of light compared
to other "gain" producing films of similar geometry but larger facet size.
| The diffractive scattering and small prisms also reduce moiré pattems. Moiré
reduction results from the smaller physical structures which increases the spatial
20 ﬁ'equencyofanyreaﬂtantpattem The small slzeofthepnsmsmcreas&stherelauve
dlsplaoemem&thepnmfacetswiuchalsomcreasathespaudﬁequencyofthe
pattern. Diffractive scattering also reduces the contrast of the moiré which makes it less
visible. ' '

25 : ‘Brief Description of
An exemplary and illustrative luminance control film 10 and related control film
assembly 32 are shown in the accompanying drawings. Throughout the figures identical
reference numerals identify equivalent structure, wherein: |
FIG.lshowsasegmentofﬂlehmﬁnanceconu'ol.ﬁhnIOandthehmﬁnance
30 control film assembly 32;
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The | uni n¥@&SMIA8 ol il m of the present invention addressRETUSISAI6H| ons
di scussed above. The filmis mde as a sheet that incl udes a linear array
of prisns that are very small. The periodicity or "pitch" covers a
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1S a computed graj
luminance control film 10;
FIG. 9 is a plot of the slope of luminance as a function of viewing angle for
15 - various luminance control films 10; and |
- FIG. 10 is a plot of half power angle as a function of pitch.

 Detailed Descripti | |
FIG. 1 shows an exanplaryhmnnanoe control assembly 32 formed from a first
20  luminance control film 10 stacked with a second luminance control film 33. The scale of
the drawing is exaggerated to more clearly show the structure of the film and the
~ assembly. The drawing includes a coordinate system 19 that is useful for discussing the
geometry of the luminance control film 10 and the film assembly 32. The luminance
| control film 10 preferably includes an array of regular right prisms typified by prism 12
25 and prism 11. Prism 12 and the adjacent prism 11 define a pitch “P”. Each prism 12 has
a first facet S5 and a second facet 56. An exemplary faceted structure should have a
- pitch spacing between 1.0 micrometers and 30.0 micrometers, with a preferred range of
2.0 micrometers to 20.0 micrometers, and a most preferred range between 2.0
micrometers and 10.0 micrometers. The prisms are formed on a body portion 13 that
30  has a first surface 14 and a second surface 17. The prisms will be formed on.either the
first surface 14 or the second surface 17 but not both. Thus one surface of the body
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di spl acenent of the prismfacets which al so i ncreases the spatial frequency

of the attern. Diffractive scattering al so reduces the contrast of
the nmoire M48pkes it |ess vi si bl e. 25 PCT/US9S/11306
Brief Description of the Draw ngs An exenpl ary and

illustrative lum nance control film 10 and related control film

assenbly 32 apdiied p3will be hdicfacadaidcsubitgially Bati o PlanarTatidtie bethet sirla€e bf gur es
i denti cal reference nuneral s identify equival ent structure, wherein:

FIG 1 shows thebedypemtionol3 willbavesprismetiestose.ol film 10 and the |uninance
30 control 111 M BSAGHPbY apjireciated that a suitable faceted structure can be manufactured
PCT/ US95/ 1130§sing any of a variety of techniques including various photographic and mechanical
5 techniques. Although other periodic structures are contemplated within the scope of the
invention, a linear array of regular right prisms is preferred for both optical performance
- and ease of manufacture. Although the various exemplary performance curves are taken
from samples of film of this form, various modification may be made. For example, the
apex angle 35 of the prisms may depart from ninety degrees (70 to 120 degrees), the
10 _ prism facets need not be isosceles or identical, and the prisms may be tilted with respect
to each other. In practice the preferred luminance control film 10 will be formed as a ‘
sheet approximately .005 inches (127 mm) thick. This sheet must be made from a
material that is transparent at the wavelengths of interest. In general, optical displays
operate at the visible wavelengths (0.4 micrometers > lambda > 0.7 micrometers) and
15 thermoplastic polymers such as polycarbonate may be used to form the film. The choice
of material and pitch should be selected based upon the operating wavelength for the
system and will generally satisfy the expression; (60 > Plambda > 2 for lambda = .5
micrometers). The relationship between the thickness of the film "T" and the height of
the prisms "t" is not critical but it is desirable to use thinrier substrates with well defined
20 prism facets. Consequently the typical ratio of prism height to total thickness will
generally satisfy the expression; (20/125 > ¢T >2/125).
It should be recognized that the optical performance of the linear array of prisms
- is not symmetric. The luminance measured for luminance control film 10 in the XZ
plane is called a horizontal scan. The luminance measured for luminance control film 10
25 taken in the YZ plane is referred to a vertical scan. The vestical and horizontal scans
differ as depicted in FIG. 6.
Thehnnmanceeontrolﬁhnassembly32mFIG lshowstwoﬁlms“crossed”to
sum the optical effects of individual sheets. Luminance control film 10 has a prism axis
58 parallel to the prism apexes, and luminance control film 33 has a prism axis 57
30 paralieltotheprismapa&esof_thatﬁlm. These two axes may be projected onto the XY
~ plane to define the crossing angle theta for the luminance control film assembly 32.
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FIG 2 is a cross section of an optical display assenbly 16 incorporating a
| um nance control film 10; . FIG. 3 is a cross _section of an
optical NCWMABsssenbly 16 incorporating a 1 umi nan@ETABRIAB06 £ i | m
assenbly 32; 5 FIG 4 is a vertical scan of |luminance as a
function of viewi ng angle for several sanpl es ofthe | um nance control

filmassenbly 32; HG.Zdepictsan‘opdEleispﬁyiﬁseﬂabWGtﬂlﬁ% arb 83émbly of 4 bhdkiigite as a
-function of view ng angle for several sanpl.es ofthe 1Tum nance control

film10;  as a light sourqel 13; acdisplay-papel 23, endrp Jumingrice fontre) filmc0. Thelightat a

wi th horizontal scan data: 1 . EFlLG..7,iS a,pl 0fs C ri ng, t he gain
ot The l ui migdirog £5 sF%R s 4 backlight,, The backlight ichiqRs A oecls, SRR Bl i f'© €
assenbl y- 32 Qﬁn&rﬂ&d‘ﬁih%ﬁ%ﬂ%@?m%mﬂeﬂmaﬁﬁﬁﬁd&G.SL@\ﬁWd graph
depicting _gain as a function of apex angle for the - | um nance control
€1 m 10. 5" within the ight guide,200s togally iserpallorefiected bt the surices ofthe s zuide
function of yi | . f or varj.o ufd nanc ont.r.ol . §i 10: and
Fe 10 o o i Bitis apon £ieabclive ol Spol.. . AGHE {hE bk yide 20 s &

Det ai | ed Des aiainBér ofiuch extraction spots patfetried albng BRGwer suffic 6Tt hght piilie'201C e

control assenbly 32 formed froma first 20 |umnance control film 10
stacked wi t h Thesscextmetion spots aperstectordistrbute lightta the displayspasels23oin a uniformt he

tho "0 1S oo SRR Tlehf ehflol e e i 2 s i et ol s oo™
useful fqo ditwéfifetions. tThe diffuser 21 obscures the light guide extraction spot pattern from the
viewer 25. The diffuser 21 also generates a more even illumination of the display
The light from the light source 15 is incident on the non-faceted or planar
second surfice 17 of the luminance control film 10. A large portion of this incident light
15 isdirected toward the display panel 23. This light is ultimately directed to the viewer 25
who is located directly in front of the display assembly 16. Some fraction of the light |
incident on the luminance control film 10 is returned to the diffuser 21. The light
. returned to the diffuser 21 from the luminance control film 10 is transmitted through, or
reflected from diffuser 21. - The light transmitted to the light guide 20 is reflected back
20 by reflector 31. This light is ultimately redirected and is able to emerge from the display
assembly 16. This process is called “recycling” and this process must be efficient for the
- luminance control film to generate gain.
The optimal light source 15 for any given application will depend on the specific
requirements of the application and no specific parameters can be described. However,
25 it is important to note that the reflectivity of the light source 15 is an important design
“parameter since light returned to the light source 15 and absorbed or attenuated does
not reach the viewer 25 and therefore does not contribute to the illumination of the
display. Although a backlight is shown in FIG. 2 it should be understood that other light
sources may be used without departing from the scope of the invention. For example
30 FIG. 3 depicts an optical display assembly 16 that is an assembly of an
electroluminescent panel 22 as the light source 15. '
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georetry of the luminance control film10 and the film assenbly 32. The

| um nance control film 10 preferably includes an array of regul ar
right pri woesnepdsti ed by prism 12 25 and prism 11. Pri smPCR/USHSI11306
adj acent prism 11l define a pitch "P'. Each prism 12 has . a first facet

55 and a second facet 56..An exenplary faceted structure should have a

pi tch spaci ng bet 4.0 ner . |
preferred range owﬁ& }ﬂ%%%%%m#’%g.lwg@%3ﬁost
preferred rangme28htislHlin dssembly 32 she¥ne inahie figire isafistie 1p. fFontws torddsed"filmd he

prisms are formed on a body portion 13 that 30  has a first surface 14 and
a second sur f he sherts arn stagkedowith the iprisme-faciog eway Samethe fight spurce 15 and with st

surface 14 or L heceeadte Syl a8 ohhopbial BPine" bk mll'6F g ins G i L e

148
PCT/ US95/ 1330 6multiple crossed Silrhs he peroditity or¥pex iipidsasfiandividvaidyérs lar bevaried! v
flat or planar and the .other surface of, t he body portion 13 will have
a prismatic stbetweenthe two sheets to achieve varions gffestso  The) grossing-angle thetatcap be
suitabl e faceted strueture can be. manufactured ~using any of a variety
of techni ques‘?ﬂ ® g various phot ographi ¢ and nechani cal

A typical example of a suitable display panel 23 for use in either the FIG. 2 or
FIG. 3 optical display assembly 16 is the ubiquitous liquid crystal display (LCD) found
10 in digital watches, lap top computers, and other instruments. The display panel 23
receives light from the luminance control film assembly 32 or luminance control film 10. (
It is important to know that the typical display techn_ologies used for display panels
which are now available: riclude arrays or repetitive pattems of transistors and/or
electrode elements for displaying information. The patterning of the display panel 23 in
15 combination with other patterned optical devices within the display assembly 16 can
result in moiré patterns that are visible and distracting to the viewer 25. Moiré patterns
can be caused by several processes. A transparent periodic structure will modulate the
light which passes through it. .If this modulated light is reflected back to the viewer the
light can "beat" against it's reflection and give rise to a pattern. This process is
20  dependent upon the viewing angle as well, with patterns being visible in some directions
and not visible at other viewing angles. In general, moiré is difficult to control and the
classic method of reducing moiré is to physically ‘separate the pattern producing
structures. However this solution increases the thickness and complexity of the display
assembly and is unacceptable. - o
25  The luminance control film 10 substantially reduces moiré by the combined
effect of increasing the spatial frequency of the moiré pattemn to a value which the
viewer 25 cannot resolve, and by reducing the contrast so that the moiré pattem
modulation is below the: viewers threshold of perception. These results are obtained
‘with single sheets of luminance control film and with multiple sheets in “crossed"
30  configurations. ’
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5 techni ques. Al though other periodic structures are contenplated wthin
the scope of the invention,. a linear array of regul ar_right prlsms S
preferred WO I6/AYaE, - opti cal perforrrance and ease of ’g

Al t hough the various exenplary perfornmance curves- are taken from
sanples of filmof this form various nodification my be nmade. For

exanpl e, the ' FIR 4 coiphres fie cdlbﬁfdiﬁiaﬁdé&:ﬂﬁ)brtﬂegmﬁﬂ Erosuad Rinfifidnde
degrees (70 to 120 degrees),. the prismfacets.:need not be |soscel es or

i dentical, andcantrel fim vanat:@u ipperiedicity pepitch. Curve
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I n general, opt i cal displays oper at e at t e visible vvavel engt hs (0.4
ni cronet er $ > tvemtyFpisrometer piteh flme Guirve 4915 fromiten mispomsteri pit feurse such

and i on shou s piktn Bpm g fidsSb dhch i Mé?&qfﬁaﬁéﬂémot the

syst em and vvn | indoctdinsitrometer pitchifilm Wwhile CUFPE 435 §HoWs ‘a dnl thictomedePpIRAFINT. ﬁ‘héor
| anbda = . m crorreters)_ The rel ationship between the t hi ckness of

the film"' T afIve 4@ eﬁstegﬂtemty ueontthemwsﬂlnomw@r imaimusyt it

Conscauent |y RaBfit GLAEBLKRYN R’ A3 sle f iPblrd i of i bRfF " >

general | y Huti dbgeﬁabﬁv@ﬂbﬁ%hpﬁ%ﬂ%iﬁﬂeﬁcéﬁmﬂd%mﬂls substantially |t

shoul d be recogrrln zed t hat the optlcal performance of the |inear array of
prisms aHewever & appears thasin many applicationsnt r of

f|Im10|nthe Th nce
measured for |gm adnrg Oﬂ.% B%af%%@o%gﬂ{%%@%'ﬁgﬁoﬁ
referred to a mamahappeﬁmmmgmhérewnamgmmmmévwaﬂmangledl ffer
as depicted in_Fl G_ 6. The lum nance control film assenbl y 32

in FIG 1 showdhisgfeqtiy discongerting; tajtherviewer. By decreasing the contrast ratio (ratio of
15 maximum to minimum luminance) the luminance control film 10 and luminance control

- film assembly 32 produces a more aweirtabl&display while still maintaining an
appreciable on-axis gain. The effect can be appreciated by comparing the light
- distribution of curve 42 with the light distribution of curve 44. .

FIG. S shows a vertical scan of the on-axis gain as a function of the viewing

20 - angle for single piece of luminance control film 10. This figure may be compared to the

| performance of the assembly 32 shown in FIG. 4 to contrast the characteristics of single

and multiple sheets. In this figure curve 64 represents a single sheet of prior art material

with a 50 micrometer pitch, and the curve 46 represents the luminance of the backlight

~ alone. Curve 68 represents a measurement of 20 micrometer film. Curve69repraertts

.25  data from a 10 micrometer material. Curve 70 represents 5 micrometer pitch material.

Curve 67 represents 2.5 micrometer material and curve 63 represents 1 micrometer film.

- FIG. 6 compares the “horizontal” and “vertical” performance of a single sheet of

~ luminance control film having a 10 micrometer pitch. Curve 59 corresponds to a
horizontal scan while curve 60 shows a vertical scan. The two scans show the lack of

30  optical symmetry for the luminance control film 10 along these two directions.




sumthe optical effects of individual sheets. Lum nance control film 10 has
a prismaxis 58 parallel to the prismapexes, and |um nance control
film33 hXOWIE& n axis 57 30 parallel to the prism apePCIUSPSANBE fi| m
These two axes may be projected onto the XY pl ane to define the
crossing angle theta for the | um nance control filmassenbly 32. '

-4 WO 96/ 101#1G, 7comparesthegamofahmunancecontrolassemb 32 and the gain of a
PCT/ US95/ 11306 PI cts an opt [ cgl di spl aﬂssenbl y

FI G
16 that is an mmﬁm&ae&mfgmon MWQWrmmml spl ay
anel 23, and fi 0 P C
ghown as a ba ] g?"ﬁﬁﬁﬁ%lﬂuﬁwﬁﬂ% y #qanghigngq.gﬁgﬁfe
surrounded by refatioRséhip beivedorbixis Baih, oif-aliss lufiriapbecshd! moifé feld@dtion Betwts. 2@
Li ght contai ned 5 W|th| n the I i ght %w de 20 |s total ly internally

refl ected dy the coptrast ratio praguced @ll upon a

number Lfvesﬁéﬁfog&z%' it %%wﬁ%&{b&ew# MMW%’ = el viewipe e
light guide 2ginge. In FIG ITethe carvé 150 Géprésents [paih Toiothe caitfol il dstinbly! B2t wheré ght t 0
the display panel 23 in a uni form ashi on. L| ght extracted fromthe

light guide 2thetaneuplyainety degrees, while eurve 52 rqvmserp% the gpimdor a single sheet of the
" luminance control film 10, :

10 - - FIG 8showsmecalmlatedrelanonsh1pbetweentheapexangleoftheregular
prisms and the maximum gain which is produced for a perfect backlight. The curve 54 ‘
shows that maximum gain occurs at an apex angle of ninety degrees. Although angles
less than and greater than ninety are operable it is desirable to select an apex angie near
nmetydegrewandthmadjustthepnchtoachevethedmedon-msgammdcontrast

15  attributes.

FIG. 9 shows the data of FIG. 5 plotted to more clearly display the desirable
alteration of the luminance slope at smaller pitches. Curve 39 corresponds to 10
micrometer pitch while curve 40 and curve 45 correspond to 5 micrometer and 2.5
micrometer pitch respectively. Curve 51 for a 1 micrometer pitch material shows an

20 anomalous 'shape while curve 53 shows a prior material. It appears that the most
desirable and pleasing displays result from the use of luminance control films 10 with a
pitch from approximately 2 to 10 micrometers.

FIG. 10 shows the viewing angle at which the maximum luminance drops to one
half the maximum value, Curve 61 is taken for a series of single luminance controi films

25  of varying pitches and curve 62 is taken from a set of crossed films. Both curves show a
substantial increase in viewing angle for pitches below about 5 micrometers.

Although illustrative. and exemplary films have been described, various
modifications and changes may be made to the invention without departing from the
scope of the invention. |



10 two functions. The diffuser 21 obscures t he | i ght gui de extraction spot -

pattern fromthe viewer 25. The diffuser 21 also generates_a nore
even il uM A OM8 of the di spl ay panel 23. PCT/USHE(LIING ght

fromthe light source 15 is incident on the non-faceted or planar
second surface 17 of the |um nance control film 10. A Targe purLluu m—thl S

incident light 15 is directed toward ChAIMBsp! ay pa
ultimately directed to the viewer 25 WhOIS|O HI" ﬂ ,front
of the display assenbly 16. Sone fractlon of the lights

t he | um nance ,contr EIE%WP .to the d|ffuser 21 The |ight
returned to tl}e di #&M Sggm P Hance control film10 is
transmitted through, portion, sdidbbét pertion havingli ffiksy 3@iface land Having iacsetond

transmtted to the light guide 20 is reflected back 20 by reflector 31.
This lightSissuffdenately redirected and is able to 'errerge fromthe di spl ay

assenbly 16. This 3 jfa%i C?ﬁ%ih Fégg’ be
efficient for the %aml um ngl‘%%:dﬁcoi ES % 0 generate gain. %y

The optimal | |&bmemuﬁmﬂ|ﬁrm§a,ny given application will depend on the

specific requi rements of the application and no specific paraneters
can be descri bed. mﬁwwmsMPIM to note that the
reflectivity of the light source 15 is an inportant design par amet er

since light returned to the light source 15 and absorbed or attenuated does

not reach 1phe /i ewerhehimifside cortrob fild 6f b q witeitont ri bute to the .
illum nation of the dISp| ay. Althou?h a backllght is shown in FIG 2

it shoul d be.under $gidpgriodie M@Wﬂ‘ﬁg‘ﬁﬁp fpsismEes nay be used without

departl ng fromt he QBﬁ%S?I‘ eife %:lv b picts
an optical display asse %‘el’ﬁ% I'S an assen Pg%’ an K aﬁd%

el ect r ol um nessiervimerens) el 22 as the light source 15.

15 3. The luminance control film of claim 2 wherein: o _
- each prism of said plurality of prisms has an apex angle, and each of said prism
apex angles is substantially identical;
each prism of said plurality ofpnsmshaseqmlateralfacets,
eachpnsmofsandpluralnyofpnsmlscharactmmdbyapntch'betweenz and
20 10 micrometers;
| ' each prism of said plurality of prisms lies parallel to an adjacent prism such that
the prism axis of each prism is parallel to the prism axis all of the other prisms. .

4.  The luminance control film of claim 3 wherein: y
25 each prism of said plurality of prisms abuts an adjacent prism;
' each prism of said plurality of said prisms has an apex angle of substantially 90
degrees. '
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PCT/ US95/ 11306 m “m‘ aI so shows a display panel 23, and a
| um nancewoBsIoBI8 f i IH‘M‘;‘ The control fil nPerusssnigos32

shown in the figure is*nade 'up fromtwo ' ‘crossed” -fil ms. The sheets
are stacked with the prisns facing away fromthe light source 15 and with

the prism axi g of rismaxis of the other
sheet. Wth § nﬁ%@%ﬁ%%%ﬁ%i odicity or apex angles of
i ndi vi dual | ayers @&hpﬁ&n‘bﬁﬁﬁ@ﬂumhtyofﬁm\wa@aﬁ ademcprﬁhgets to achi eve
various effects. The crossing angle theta can be varied as well.

A typi cal exarrpl e @achprismiof said pluralitynfseid prisras hasanfapex angle ofibebyeendp ande FI G
2 or : EZO?%I cal display assenbly 16 is the ubiquitous liquid
crystal displ found 10 in digital watches, |lap top computers, and
ot her instsunents. The display panel 23 receives light fromthe

| um nance control film assenbl y 32 or |lum nance control film 10. I t

i s inportant fo knéiuminancecaatrol WWMMechnol ogi es used for display

7 St or ot B ek, el G 11
' smdﬁrstlununancecontrolﬁhnhavmgaﬁrstpnsmms
smdsecondhnnmancecontrolﬁhnhavmgasecondpnsmms
10 wherem,saldﬁrstpnsmamsandsaldseoondpnsmamsarenotpmllel,thereby
forming a crossing angle theta; " : SRR |
each of said first and second luminance control film having a body portion
having a first surface and having a second surface;
eachofsmdﬁrstsurfaoeshawngahnearamyofpnsmscharactenzedbypltch
15  less than 30 micrometers;
each of said second surfaces being substantially planar; -
said first luminance control film stacked on said second luminance control film
such that the prisms of said first surface of said first luminance control film are
proximate said second surface of said second luminance control film.

20
1. Thelununaneecontrolﬁlmassanblyofclmm6wheremthetalsgreaterthan45
degrees and less than 135 degrees.
8. The luminance control film assembly of claim 6 wherein theta is substantially 90
25  degrees. ' - ' ' '
9. An optical assembly for providing illumination comprising:
a light source having a reflectivity greater than zero and emitting light;
alunﬂnanceconﬂolﬁlmlocatedprmdmatesaidjlightsource;' i
30 ~ said luminance control film having a body portion, said body portion having a

first surface and having a second surface;

-10-



el ectrode el ements for displaying information. The patterning of the
di splay panel 23 in 15 her patterned optical devices

Wi thin t h&Q960R48, assenbl ymmmmn)“ ﬂr" Msul t in nmoire BSTUSPHEIMGat are
visible and distracting to e V|emern ire patterns can be
caused by several processes. A transparent periodic structure will nodulate
the i ght Wm*ﬁramhmﬁgw&raytofﬁeﬁo&@m | ,
reflected back to the viewer th | i'ght can "beat" against it's
reflection andmghhmsﬂmmlﬂnmmnmnﬂa&tern This process is 20 dependent upon -
t he view ng angl e as wel | ei,ng visible in sone directions
and not visible at F@&Fﬁ&gﬂﬁ %ggﬁmﬁ reral, noire is difficult to
control and the classic nethod of reducing noire is to physically
separate the pattern produeing structures. However this solution

i ncreases the i cMemmmhwwmmmwoawmmMy and

I s unacceptabl e. The J um nance nt rol film10 substantially
reduces noire by tk?eh%mé'&“n reﬂe&grf FPeasi ng the spati al
frequency of the nojg4 rn to a val ue Whl ch the vi ewer 25 cannot
resolve, and by reducing the contrast so that the noire pattern

modul ation is bel ova hminancewenteol tfilm dotatedibeswequesaik light source 1apd saidedisplays ar e

obt ai ned th single sheets of |um nance control filmand with

mul tiple sheet%a"an "crossed” 30 configurations. '

- 6- 10 said luminance control film having a first surface, said first surface having a
- linear array of regular right prisms;

said prisms having a pitch less than 30 micrometers.

11.  The optical display assembly of claim 10 wherein said prisms have a pitch
15  between 2 and 20 micrometers.

12. The optical display assembly of claim 10 wherein said prisms have a pitch
between 2 and 10 micrometers.

20 13.  Anoptical assembly for displaying information to a viewer comprising:
' - a light source having a reflectivity greater than zero;
a display panel;
a luminance control film assembly located between said light source and said
25 said luminance control assembly including a first luminance control film and a
“second luminance control film crossed at an angle theta, where theta is greater than 45
degrees and less than 135 degrees.

14.  The optical assembly of claim 13 wherein theta is substantially 90 degrees.

-11-



WD 96/ 10148

PCT/ US95/ 11306 FIG 4 conpares the optical performnce of
an ort hod¥A26/h814%r ossed | unmi nance contr ol filn1asseﬁBBVU§§n&ﬂ¥h
variations in periodicity or pitch. Curve 44 represents the | ar ge
scale fifty mcroneter filmwhile curve 46 represents the | um nance curve
for the backl i ght al one. Internediate curves show ot her pitches.
Curve 48 is taken from 5 twenty nicrone{er pitch film Curve 49 is taken
fromten mcrometer pitch film Curve 42 is taken fromfive

m cronmeter pitch filmCurve 47 represents* he | um nance of a two and
a half mcroneter pitch filmwhile curve 43 shows a one mcroneter pitch
film The curve 46 defines the unity value on the intensity axis 41
normal i zed to the maxi num | um nance of the backlight alone. As seen
inthe figure the |unminance of the backlight BY alone has a very | ow

sl ope. The prior art device jepcesent-od—by—ciifio—dd—is—substantlally

bri ghter on-axis than the bA Hoyever it appears at |i n many
applications . a stgep W moves off-axis
causes the displ aype—id o Sekehehan d-sanpfar eve hough

there is s | i gt dlrected to the vi ewer at that aggle. This effect
is disconcgrtfng to the viewer. By decreasing th€ céntras atio (ratio of
15 maxi A 10 N num i nance he pnange contro”film 10 and

| um nance ¢¢ntrol filmassenbly 32 produdes g~Afore acceptabl e displ ay
whil e stil lffmai ntai ni ng an appreci able of-2%is gain. The effect can
be- appreci gt ed by conparigng the T1 ght drstribution of curve 42 with

the |ight (istributgﬁp curve 44.

14 1’ 1 —i

32¢




FIG 5 shows a vertical scan of the on-axis gain as a function of the

vi ewi ng 20 angl e for single piece of |lum nance control film 10. This
1igure myWeaWMared to the performance of the as<RERUSISARI0§hown
in FIG 4 to contrast the characteristics of single : and multiple
sheets. In this figure curve 64 represents a single sheet of prior art

mat eri al with a 50 mcroneter pitch, and the curve 46 represents the
| um nance of the bacllight : al @g. Curve 68 represents a measurenent
of 20 mcronmeter film Curve 69 repref@nts 25 data froma 10 m croneter
material. Curve 70 represents 5 mcroneter pigeh material. Curve 67
represents 2.5 mcroneter material and ¢ e represents 1 m croneter
film - FIG 6 conpares the zontal" and "vertical"
performance of a single sheet of | um nance control filmhaving a 10

m cronmeter pitch. 9 COTTESponus to 2 torT—zomtat—gcan whil e
curve 60 shows a vprtical scan. The two scans show the | ack U~§%k opti cal
symmetry for the | UM nance comMtror r11m 10 arong thnese two-oft ec %ns.

-7- wo 9680148
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FIG 7 conpares the gain of a |um nance control assenbly 32 and the gain of

a | um nance control film10 as a function of pitch. In the range
bel ow 20 WOO6/t0148 1 S . pitch the maxi num gai n val ue bemrmesysaisbec! i ne.
It isin this range that the favorable rel ati onshi p between on-axis

gain, off-axis |lum nance and noire reduction occurs. In 5 this range and
nearer the |ower portion of this range the contrast ratio produced wl |
produce an optical display assenbly with mnimumnoire and with a pleasing

Vi ewi ng range. In FIG 7 the curve 50 represents gain for the control
filmassenbly 32 where theta eqdad s ninety degrees, while curve 52
represents the gain for a single shee Df the | um nance control film :
10. 10 .FIG 8 shows the calcul ated rel ati onship between the apex
angl e of the regul ar prisns and the maxi mum gain which is produced
for a perfect backlight. The curve 54 shows t‘hat maxi mum gai n occurs
at an apex angle of ninety degrees. Although ®ngles B # {fieps H&n and
greater th }E Larm operable it is desirajgle to ¥ ex angl e
near |me s and then adjust thegpitch L.'.' f ci efe t he desired
on- axi s @m n@ gonerast 15  attributes. 1G$ 9 sI@ws the
dat a of glﬁcggd&!to nore clearly displgg the ;»—' = WP
alteratlgra_f A Rance sl ope at snall er Bi P Sa-xfrere 39 orresponds
to 10 tgr itch while curve lﬂg' e 45 corre dto5
mcrorretg and o o hicroneter pitch _f‘f.;« ver Curve 51 Ttor a 1
m cr onmet n‘at"ér Pal shows an 20 - anongl gusgdeape while rve 53
shows a $£?W; EI+ t appears that the sgqQs desi r abl nd )
pl easi ng 'di ays. ullt fromthe use of |umMf fil Owth a
pitch from approximately 2 to 10 nicroneter g I
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FIG 10 shows the view ng angle at which the maxi num | um nance drops to one
hal f the maxi mum value. Curve 61 is t-aken for a series of single | um nance
control fi W94 of yarying pitches and curve 62 is takenPCEESPH11306 of
crossed filnms. Both curves show a substantial increase in view ng
angl e for pitches bel ow about 5 m-croneters. Al t hough
illustrative and exenplary filns have been descri bed, various

nodi fi cati ons and changes nay be nade to the invention w thout departing

fromthe scope of the inventiong WD 96/ 10148
PCT/ US95/ 11306 1. A qu§nance control film conprising:
a body portion, said body portion having a first surface and having a
second 5 surface; said first surface having an array of
periodic faceted structures characterized by pitch less than 30
mcroneters. £ £ oo ' :
£85£06686
2828838
o8558
825538 T
FESEESE
o G e oo
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'said second éurface bei ng substantially planar. 10 2. The | um nance

control filmof claim21 wherein: said periodic faceted
St ruct ur ewo9ea0MBural ity of prisns; - and wher REHUS¥Y1d306r | sns
are characterized by a pitch between 2 and 20 m croneters. 15 3.
The | um nance control film ofclaim?2 wherein: each prism of
said plurality of prisns has an apex angle, and each of said prism
apex angles is substantially identical§ each prismof said
~plurality of prisnms has equilateral faefgs; each prism of.
said plurality of prisms is characterized by a pitch between 2 andy20 10
m croneters; @ each prismof said plurality of prisg lies
paral l el t® adj acent prism such that the prism axis off each prism
is parall No the prismaxis alg of the other prisng. 4. The
| umnance go&trol filmof claim3 vilkerein: 25 i each pHismof sai d
plurality ®f¥prisns abuts an adj acent "prasm . each prism of
said pl urﬁiﬁ of said prisns has an apex adfghe osubstantiall;r %
degrees. H §{ Vs
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- 9- WD 96/ 10148 PCT/ US95/ 11306

5. The Jum nance control filmof claim3 wherein: each
prismof sHPPPMBality of prisms abuts an. adjacent prisn PCT/US9S/11306

each prismof said plurality of said prisnms has anapex angl e of between 70
-and 120 degrees. 5 6. A lum nance control film assenbly
conpri si ng: a first lum nance control film and having a

seond | um nance control film 6
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said first lum nance control filmhaving a first prismaxis;

sai d second |l um nance control filmhaving a second prismaxis; 10

wherein, MPWMOM&;: rismaxis and said second prism axis RCINUSIS1I366 al | el |
t her eby formi ng a crossing angle theta; each of said
first and second | um nance control film having a body portion havi ng
a first surface and having a second surface, each of said
first surfaces having a linear array of prisns chaacterized by pitch 15

| ess than 30 microneters; each of said second surfaces being
substantially planar, s first |um nance control film

st acked on said second | um nance contr film such that the prisns of
said first surface of said first [um nance control filmare oPr oxi mat e
sai d second surface of said second | um nance control fil 20 TXZ- 7.

The | um nance control film assenbly of claim®6 wherein eta is|greater
than 45 degrees and |l ess than 135 degrees. 8. [The

| um nance control filmassenbly of claim6 wherei heta is subptantially
90 25 degrees. 9. An optical assen for providinp -
illum nation conprising: a |ight gource having a Lafgkctivity
greater than zero and emitting |ight; ' ' A '
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a | umnance coq&&g@ filmlocated proximate said |ight source, 30
sai d | uninance contt®¥M il m havi ng a body portion, said body portion having

a first surface and having a second surface;
" PCT/ US95/ PCTAIB9s/11306

-10- WD 96/ 10148 _
said first surface having an array of periodic faceted structures _
characteri zed by pitch I ess than 30 m croneters; sai d

second surface being substantially planar. 3&? 10. An optical display
assenbly for displayifg-lnfornation to a vie conpri si ng:

| i ght source having reflectivi : ] ero;
di spl ay panel; : 23 g a{'@um’ ngnce ggntrol '
| i ght source and said display §gnelﬁ' e

a
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10 said | um nance control filmhaving a first surface, said first
surface having a | inear array of regular right prisns;

said pri sm?vﬂgﬁll'ﬂgsa pitch | ess than 30 nicroneters. ~ PCTIUs9s/113DB e
optical display assenbly of claim 10 wherein said prisns have a pitch 15
between 2 and 20 m croneters. 12. The optical display assenbly
of claim 10 wherein said prisns have a pitch bet ween 2 and 10

m croneters. 20 13. An opt | assenbly for displaying information to
a viewer conprising: a light source havi ng areflectivity
greater than zero; a dnspl ay pa_a a Iug nance
control filmassenbly | ocated betweep said |ight source and said

di spl ay panel; 25 said | unm nance control assenbly includjng a
first um nance control filmand a secdnd | um nance controljfilm
crossed at an angle theta, where thefa is gregter than 45 degr ees
and | ess than 135 degrees. _ - +
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14, The .optical ,assenbly of claim 138\0@41'15?%@6“_&’(8 SIIES™ =
‘degr ees. ' _
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