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consideration in electronic dis . asure of display quality for
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rebative to pglanqidieyisalsong ipoghfizondtieration sndectronic displays. One
measure of display quality for a backlit display is brightness uniformity. Because displays
are typically studied closely or used for extended periods of time, relatively small
differences in the brightness can easily be perceived. These types of variances in
brightness can be diétracting or annoying to a user. To soften or mask non-uniformities, a
20 light scattering element (e.g., a diffuser) can sometimes be used. However, such scattering

elements can negatively affect the overall brightness of a display.

Summary of Invention
Although a number of backlight designs have been proposed, there is an ongoing
need for more efficient designs and for reduced power consumption. The present
25 invention relates generally to bacldit displays that efficiently use light and concurrently are
capable of providing high levels of brightness uniformity. .
One aspect of the present invention relates to a light guide including a light guide
body having a light re-directing side positioned opposite from a light output side. A
plurality of elongate prisms are located adjacent the light output side of the light guide
30 body. The prisms extend side-by-side relative to one another along lengths. The prisms
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The various aspects of the present invention have particular applicability to

C

recycling backlit displays. A typical recycling backlit display includes a light guide, a

20 reflector positioned behind the light guide, and one or more light recycling structures
positioned in front of the light guide. The light recycling structures reflect light ofa
selected type (e.g., light that does not have a selected polarization or is outside a
predetermined viewing angle) back into the light guide to allow the reflected light to be re-

used. The various aspects of the present invention also are applicable to one-pass backlit

25 displays.

Brief Description of the Drawing
Fig. 1 is a schematic view of a backlit display in accordance with the principle of
the present invention, the display includes a light source, a light guide and a light gating

30 device;

Fig. 2 is a schematic view of the light guide of Fig. 1;



30 device; Fig. 2 is a schematic view of the light guide of RiGNOW{lR 3 0
NOV 2005 WD 03/016784 PCTI US02/ 19615 Fig. 3 is a schematic view of the
backl i WDEP6ERE of Fig. | with a diffuse transfiective FGHYRALIF| oned
between the |light guide and the light gating device; Fig. 4 is a bottom
perspective view of a light guide in accordance with the principles of
the present invention; 5 Fig 5 is a partial side view of the |ight guide
of Fig. 4; FFig.3 B 4 schambtic visw ¢ff thebadkdindisplay of Eisod dvith gHifusai de i n

accordance_with the principles qf .th rese nvention, Fig. 7is ais
=" bot  arreve i rosTiones PPy Sen el EBAC ARE the JBAERMIAZ NS o7, e
principles of;ot hes PERREApe- PN BB o liphOguide insacBosbie: Witbttid e of a
fourth Iight sw e I n accordance with the principles of the present

i nvent ippimcipfésepf tBe pesentsickatipm;of i | e of a fifth. light guide in accordance

with the principles of .the .present.ipventign, Fig. 10 is a side profile
of5a sixth 15§ lsgma&&lﬁﬁea’é&@@ﬁ@'&hﬁﬂ‘ﬁe ?ﬁ@gp inciples of 15 tﬁe
present | nVeRp! Otk o bdbm blan! view of & HEFRE lighepdde Ritoldenedwith sventh 11 ght

gui de in accofdance wt he principles of the present invention; Fig.
12 is grimipled ofah¢ presehtsidatiper specti ve view of the |ight guide of Fig.

4, Fig. 13 s a.top, front perspectiye .vi of, the |ligh ' of Fig.
12; 20 Fig. Hg{& %ﬂss%l?fgtoﬁ?B‘PPWEp%?é%\IY‘b‘P\ﬁ%ilggﬁ“f%mac&ﬁf‘%e’a%?’ﬂh?% 12; Fig.
15 schepmt i StiSndenkibgycl i ng display in accordance with the

pri nci §| egiﬁggféf%q%éejﬁ%rsgﬁsent n|1nv>ént ion; Fig. 16 schematically depicts a
of@- pass di SPiga§ id mside poofdanta fourthHighh guige imagdoprdagce withitheprincipien et

i nvention; and .25 Fi % 17 shows a dianond cutting tool suitable for use

i n manubaprsPtABVIgRt gui des in accordance with the principles of the

present | nvelaitgi. 8% 2 Gt %i'dfﬁg oPR E@hI1i2ht SRide in accordance with the principles of the
present invention;
Fig. 10 is a side profile of a sixth light guide in accordance with the principles of
15 the present invention;
Fig. 11 is a schematic side profile of a seventh light guide in accordance with the
principles of the present invention;
Fig. 12 is a top, front and side perspective view of the light guide of Fig. 4;
Fig. 13 is a top, front perspective view of the light guide of Fig. 12;
20 Fig. 14 is a side profile view of the light guide of Fig. 12;
Fig. 15 schematically depicts a recycling display in accordance with the principles
of the present invention;
Fig. 16 schematically depicts a one-pass display in accordance with the principles
of the present‘ invention; and
25 Fig. 17 shows a diamond cutting tool suitable for use in manufacturing light guides

in accordance with the principles of the present invention.

Detailed Description
The present invention relates generally to light guides or extractors for use with
30 backlit displays. The light guides of the invention are particularly useful as point to area
or line to area back light guides for subminiature or miniature display devices illuminated

with light emitting diodes (LEDs) powered by small batteries. Suitable display devices
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output side 20 includes structure for changing the output angle of at least some of the Light

20 that exits the light guide 14.

In use of the display 10, a light ray 24 from the light source 12 enters the light
guide 14 through the light input side 18 and propagates through the light guide via total
internal reflection (TIR). The light ray 24 continues to be internally reflected within light
guide 14 until the ray is reflected by an extraction structure (shown in Fig. 4 as projection

25 50) provided at the light re-directing side 22. The extraction structure reflects the ray 24
upwardly at an angle that frustrates TIR thereby causing the ray 24 to exit the light gunde
14 by refraction through the light output side 20. After refracting through the light output
side 20, the light ray 24 passes through the light gating device 16 (assuming that gating
device 16 is suitably modulated to transmit light) towards a viewer 19.

30 Referring to Fig. 2, the light guide 14 preferably has a wedge shape. The phrase

“wedge shape” will be understood to mean that 2 first end 44 (i.e., a proximal end or the

end closest to the light source) of the light guide 14 is thicker than a second end 46 (i.e.,a -
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i ght ¢adiisetavi ce 16 (assuming that gating device 16PCI/uSut/iwmhd y

nodul ated to transmt light) towards a viewer 19. 30 Referring to Fig. 2,
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that reLhgeveanid:R8{ e% edffactios indegsd inghd ranpebf 1.45 to 1.8pndi ti ons and
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20 under the name TDF) can be mounted behind the gating device 16 (see Fig. 3). These

types of films allow viewing in well-lit conditions using ambient light as a light source
without requiring partially transmitting electrodes in the gating device 16.
A light guide in accordance with the principles of the present invention has
particular applicability in a recycling display device. An exemplary recycling display
25 device is shown at Fig. 15. A light guide in accordance with the principles of the present
invention can also be used in a one-pass display device. An exemplary one-pass display

device is shown at Fig. 16.

1L Light Re-Directing Side of Light Guide
30 Referring to Fig. 4, the light re-directing side 22 of the light guide 14 includes a

plurality of elongated projections 50 positioned in paratlel and side-by-side relation to one

another. The projections 50 are separated by lands 52. Each projection 50 includes a
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shown at Fig. 16. .I1l. Light Re-Directing Side of Light Guide 30
Referring to Fig. 4, the light re-directing side 22 of the light guide 14
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I t | t f th Lecti 5 50, { " t"
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segnent) by refatively steep offset elenents (e.g., facets 56 and 58).
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t : t t t o) . t
st IgPeS ek RS R e apal GoreanD JRsran s Panch Stk BVRE T
| RPAS JKe Bnfs ?E‘Q&ts"ﬁ'ﬁhbﬁtlldl}y fréL8F Khrabiidd ARichIes &ldrae buffiefendndlaaseas to
sufficiently flat so as to pronote propagation of |ight through_the
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is rel at?lim/g‘i tgp&e%eegs %@%ﬁé‘rﬂgﬁsf%’%t‘%?e?ﬁg g%aggm(a)@gﬁtggé ?)‘\qccyi? %gﬁéésée)gg hts 54
and th +tqg'f$?t§%1y stdeh ASconkipne ﬂ'or’thé;islg?es‘bfth@pla&laafs@g’tﬂerﬂﬁﬂmﬁ theSdndar e
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downwar set” fromthe lands 52. 1n some enbodi ments, the areas of
t he pl @2eau segnents 54 are |larger than the areas of the adjacent |ands

52. Thus, at the |i .re-directing side.22 h | f

plateau segh® E]P%W’Sg’r%lg' ‘grrtg?af’gfe%‘ﬁg@_]?'ﬁ% S%ﬁea(ﬁovgl?vgag&%foi%gﬂ?%ﬁg% l}’g}gs I'n
sone  enPodi,iEeSmtddintRE, dhe aREEES BE pldiuiegheny 54 agiaries a4 thaarcheoft

| east erght tinmes as great as the area of the |ands 20 52. OF course, in

ot her afbadipoenimdstshe Thus,es theflight ee-Hiprtingsile?Pn thedotgh awe &f thaplpcite
areas OJeg}nréﬁts%aé %rae%te% netﬂ:[a %otglﬂ' drea of the lands 52. In some embodiments, the total

area of the plateau segments 54 can be at least eight times as great as the area of the lands

20 52. Of course, in other embodiments, the areas of the lands 52 can be greater than the

areas of the plateau segments 54.
Fig. 5 shows the light guide 14 with an imaginary line 60 drawn through vertices

61 formed at the intersections of the leading facets 56 and the platean segments 54.
Tmaginary line 60 forms an angle 6 with a line 37 drawn through the nominal reference

25 plane (e.g., the plane perpendicular to the normal viewing angle of the light guide 14)
formed by the light output side 20 of the light guide 14. As shown in Fig. 5, the plateau
segments 54, the lands 52 and the facets 56, 58 are all preferably planar. The facets 56, 58
define oblique angles relative to the lands 52 and the plateau segments 54. The lands 52
and the platean segments 54 are preferably substantially parallel to the imaginary line 37.

30 The trailing facets 58 include primary reflector portions 70 that extend upwardly higher
than their respective leading facets 56. Inthe embodiment of Fig. 5, the primary reflector

portions 70 are provided by constructing the trailing facets 58 longer (i.e., taller) than the
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by the |ight output side 20 of the light guide 14. As shown in Fig. 5
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traili ngidiacRtrdaeinhsut end of the light guide towards the distal or narrow end. Ina
20 further embodiment, the trailing facét heights diminish from the input end of the light
guide towards the distal or narrow end, the plateau segment lengths are constant along the
length of the light guide, and the leading facet heights diminish from the distal end of the

light guide towards the input end by an amount sufficient so that the leading facet-plateau

vertices lie along a straight line.

25 The vertices between leading facets and plateaus can if desired lie along a curved
path. In one such embodiment, the trailing facet heights diminish from the input end of
the light guide towards the distal or narrow end and the land segment lengths remain
constant along the length of the light guide. In another such embodiment, the trailing facet
heights are constant and the land lengths diminish from the input end of the light guide

30 towards the distal or narrow end. In any event, the angle 8 for a light guide whose leading

facet plateau vertices lie along a curved path should be approximated by calculating the
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backscattering of light within the light guide and consequent weak transmission of
20 backscattered light through the leading facets. The leading facet heights preferably are
about 0.001 to about 0.5 mm, more preferably about 0.002 to about 0.02 mm. The angle
between the reference plane 37 and a leading facet preferably is about 90 degrees to about
45 degrees, more preferably about 85 to about 65 degrees.
Preferably, the plateaus have generally flat, optically smooth surfaces so as not to
25 induce light extraction. The plateau segment lengths preferably are about 0.001 to about
1.5 mm, more preferably about 0.004 to about 0.12 mm. The angle 6 between the
reference plane 37 and a plateau preferably is about 0 to about 10 degrees, more preferably
about 0 to about 2 degrees, with the plateau segments most preferably being parallel to the
reference plane 37 (or in other words, 6 most preferably is zero).
30 The trailing facet segments direct light toward the gating device 16. Preferably,
the trailing facets are planar although they can have other shapes such as convex or

concave shapes if desired. Preferably the trailing facets have generally flat, optically
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are generally parallel to the light input surface. However, Fig. 6 is a plan view showing a

20 light guide 14a with projections 50a and lands 52a that extend at an angle oblique relative
to the light input surface. This oblique angling of the projections skews the projections
relative to the pixel structure within the gating device to reduce the likelihood of a moiré
pattern being generated. Fig. 7 shows a light guide 14b having projections 50b and lands
52b that curve in a serpentine pattern to avoid banding effects and to better randomize

25 illumination. Projections 50a and 50b can have the same profile as the projections 50 of
Fig. 5

It has been discovered that, by increasing the size of the plateaus relative to the
size of the lands, it is possible to increase the proportion of the light escaping through the
facets that is recaptured by the adjacent facets. Fig. 8 showsa light guide 120 that uses

30 this discovery. Light guide 120 has extraction structures such as extraction structure 122
and extraction structure 124. Extraction structure 122 has a leading facet 126, a trailing
facet 128, and a plateau 130. Land 132 separates extraction structures 122 and 124,
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approximately one hundred percent of the beight of the riser of associated extraction

20 structure.
Fig. 10 shows a slight variable on the embodiment of Fig. 9. In the embodiment of

Fig. 10, a light guide 140" has an extraction structure 142'. Extraction structure 142" has a
protrusion 152' which has a leading face 154’ and a trailing face 156'. Protrusion 152'

further has a plateau 162.
25 Fig. 11 shows a light guide 14’ in accordance with the principles of the present

invention where the leading facets have been reduced to zero such that no plateaus are
defined. Instead, this embodiment includes a plurality of generally flat surfaces 52’ offset
from one another by facets 58°. The surfaces 52° function to direct light along the length
of the light guide by total internal reflection. The facets 58" function to extract light from

30 the light guide 14’ by reflecting light toward the light output side of the light guide such
that total internal reflection is frustrated.
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randonily varied for the edge segments 204a-2040 of each prism 200. For example, the

rates of slope can be randomly selected from a distribution of slope values (e.g., 32,000 or
more slope values for some applications). It will be appreciated that the distribution of

20 slope values can be flat or weighted (e.g., bell shaped). In other embodiments, the rates of
slope can be selected in a non-tandom manner. For example, for some applications, it
may be desirable to gradually decrease the magnitudes of slope along the length of a prism
such that segments having the steepest rates of slope are positioned adjacent the light
source. It will be appreciated that general design degrees of freedom allow the slopes to

25 be selected to correspond with desired extraction efficiencies.

Referring to Fig. 12, the upper edges 204 of the prisms 200 define a plurality of
peaks 206 and valleys 208. The pealcs 206 and valleys 208 are defined at locations where
adjacent edge segments have opposite directions of vertical slope (e.g., see edge segments
204a and 204b defining peak 206 and edge segments 204b and 204c defining valley 208).

30 Adjacent edge segments can have different magnitudes and the same directions of vertical
slope (e.g., see edge segments 204e and 204f). As best shown in Fig. 13, each upper edge

704 can also meander in a horizontal dimension (i.e., move from side to side thereby
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As shown in the schematic views of Figs. 12 and 13, the upper edges 204 include
20 discrete peaks 206 and valleys 208 connected by straight lines. In actual practice, the
edges 204 include rounded peaks 206 and valleys 208 interconnected by generally straight
segments as shown in Fig. 14. In alternative embodiments, the straight segments could be
replaced with curved segments.
In Fig. 14, a horizontal component y and a vertical component x of an upper edge
25 segment 204p are labeled. It will be appreciated that the magnitude of slope of the edge
segment 204p is determined by dividing the vertical component x by the horizontal
component y. The direction of slope (i.e., positive or negative) is determined by whether
the edge segment is ascending or descending. In a typical embodiment, the magnitude of
slope of a given edge segment preferably will not exceed 10 degrees. Of course, larger

30 magnitudes of slope could also be used.



In one non-limting enbodi nent, the prisns 200 can have a nom nﬂ)Nlemt
of about 25 mcrons with the prismheights varying from 15 mcrons to 35
m crons. The pitch p (shown in Fig. 13) of the prisns 200 preferably
ranges from 10-100 microns. A nore preferred range of pitch is from24 to

50 microns. - A nost preferred pitch is 50 10 m crons. Additionally, t he
i ncl uded angl e Rk Aegiiy Figh e 2561918 8PoRor8RGoREL 67 2o kfomPTHEET 2B Y
in the range of 70- degrees and nore pre ?y In e range o 80- 100

degrees. BRH 2HP €fdéﬁaft§’l By a lpwer ¢dge R lidisee Biggl3e &fm:tahm thawggtes eRB 204, 3he0
degrees. - ] &0 3 BlhelpRerbialy 1dea pEAGH, cg}'fed%rgseﬁm avdqggq?g;@g{}%{g%o& Jnea- 2040

i s shown havi ng same” hor | 2ont 9Pe150
m crons). The lh‘érl zkblnmaltlvaﬁhs:pmonent y for each of the upper edge
segment s is pr 00 mcrons. VWile it is

ran f about, . 1
preferred for 'r?e e%bo)(vs djlﬁ'?’g’ﬁi‘téve g REag Hﬂsﬁﬁﬁ' ﬁ%?”iaﬂ:‘ﬁﬁiﬁ}cc “Oifonent s y,
the hori z®nhcible£@frm@ple$Hn61nyeﬁthh tm@dlqmemaqﬂcgmegs@bptmmz@ so be varied
fromsegnent to li) ?‘&‘ in the schematic views of Figs. 12 and
 he. uBpRtioned Bedente ik ayile 14 s0d thedichiagating deice Hodepsetiingimages 208
connect eddh 1a§1%6h@f¢harh¢ta¢§ms Hddired: ntadptibd1 3GEN §Fepn 1ﬁ@ude%?%ﬁng%f' ncl ude

rounded peaks 2 and val |l eys 208 i nterconnected genefal ly strai ght
segment s 4udtesgnbopticakelements. fior example, therstagk |1&ﬁéoemh4dwm wicra-prsns filmai ght

segnpnt s @@k{lcﬂa@@bnéﬁﬂés@@ﬁﬁn n%hlrﬁ%ggg HlﬂgégtEﬁharch] 'f‘llgn Ergéuctguclﬂorl zont al

conponent y and a verti cal onent an up segirent 204p
are | abel atBEFKI amrdilabldaéoraMlne@patanghad Malnefac\tagng Coudﬂarqf S1sti)e of the

edge seg t m ne d| ng, t.he vertl nent x by
the hori z@ﬁﬁﬁaf&y%dﬁ ?S e%anfhné d"%g@tma!)%a%%eg%ﬂéo ey efre‘%&'gﬁggf ve or

negat i ve) emgted étomrthc ligid gbyde\maiaharoutstdaa gesdgangﬂgr’fﬁrgfe (.8, B&AEBIPaRG OF
descendi n Y. nbodi ment nitude of sl gpe of a gi ven .
edge segn‘gﬂt‘i %}63?7@ tgaﬁIliheﬁqﬂylmcﬁ&or@%@'er&%i@‘:%E‘Q}Fsé’é‘g‘et)@f ]_B‘E)ﬁf‘)%éz hsar ger 30
nmagnis udeprigits tRAtTRR upGaidll AldsQuche ik @tbetididpazalfdl Y the MretlOpofigE erring still
to Fig. 14,  a_dep th 210 of one of the grooves 201 is also shown. The

dept h 210PEOECH%TF| SRed b ytack Jonkesy ingudgs azattectivenolarizing film)34 (5¢-na film thap t he
upper edggféfdédond sﬁ‘ﬁe of Wzag‘;@an%qﬁﬁsrﬁ&ecﬁ@cgm é’nah tc%f !)lulrl?altmgysuaf edge

segnent s havi ng different rates of ust atlve a s 5
Fig. 15 shépgsumhReflactiug Pd@ﬂlmﬁhaesoduwtmgldlbaé#l@hnﬁtsoidll\grpir@)anﬂ N@ufactuangor dance

with the CQ&E&]‘%‘&EH&%@&MR%BBFFSﬁ@‘ieﬂe@e{\%r}}olla?{%ingmm 3qlp%é}]ergglyjhasa aI ncl udes an

optical stac
20 transmission axis that is aligned with a corresponding transmission axis of the gating

device 16. Light not aligned with the transmission axis is reflected back to the light guide

14 and recycled. A “clean-up” polarizing film 36 having a transmission axis aligned with

both the reflective polarizing film 34 and the gating device 16 can also be used. As

previously described, for this type of application, the trailing facets 58 preferably define an
25 angle o in the range of 20-40 degrees.

A reﬂective element 38 is shown positioned behind the light guide 14 to recapture
light that escapes through the light re-directing side 22 of the light guide. The reflective
element 38 is preferably a diffuse mirror. Films may also be added to provide polarization
conversion (e.g., a quarter-wave plate). In this type of embodiment, the lands and plateaus

30 52 and 54 function as “windows” for allowing light reflected by the stack 30 to pass
through the light re-directing side 22 of the light guide to reach the reflective element 38.
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posi ti oned between the |ight guide 14 and the |ight-gating devi ¢& N§.2005
Dependi ng upon the display lighting characteristics desired, the optical
stack 30 can include any nunber of different optical elenments. For
exanple, the stack is shown including a mcro-prismfilm10 32 such as a
bri ght ness enhancing film (e.g., a Brightness Enhancing Fi|lm Product such
as BEFI I | i i n nd_Manufact urin any, St.
ol M el T W SR Pl P R G e R e EERE et <o
recycl e/ r dfelligbt hdsibgért reflengd tiyettle feflective lelenlengdt gui de 14 that is outside a

gi ven angul ar gan e.g..,5ee U S Patent, Nog. 4 906,070 that is hereby
i ncor por at ed b)i;lgr gqeg&gﬁgg Hysiratvg OBﬁ'P?SFg?%‘F dl%j,gy }it imageprdanee wih fiej s t hat
face upwapthyiplesndl thxpresedlt invertionli TRCAY MANAILRE 2 basthi® Wini@atimon of the
pr oj escti ons .50. ' The st al so includes a reflective polarizing film 34

ck 30 : I
(i.es a PPYHATPhAEvernpr Bghiguilsd 4 apdithe gangssyise 16 aBuchrivame filmandieht s t he
or t hogonayis ssidayaMhe R0 ﬁ[ﬂi@émﬁ‘l@naﬂdﬁﬁn@?orﬁg%@]ﬂgﬁwd% r&té&o@ﬁ Ht YEarf 0! a1 Zer

filmproduct sold by Mnnesota Mning an _ acturing any under the
nane DBEF}nguigsgngetfliabispraferrgddbryiewingde.£.i 4 wngdg filnetanrdatstylight® ba nkoe

transm ssj b S 1 i i t ondi transm ssion axis
of the ga??ﬂlgﬁﬂeﬁeﬁ@&fgaﬁ#% t C(r%ol}telb'a F%ﬁ%@zg}%t mf%éﬂ@rhgﬁgﬁlﬁn?s d zg%axi sis
r ef | ect edfdsadéviveardliend exgénd igaiditectiohgpamiiel to de\pedjadionA5C. CRaRBtiwp"

ol ari zi ng _fil 6 _having a transm.ssion,axis ali Wth, both the
POt 071 DBembn b 00p el e hEIR MRSE) Banen Portinrb belirc i ligh BB s ed
As  previ duslrycagmsclight et escpfes touphtideghofe-diRiRlihEadd INof thd Bt Edit | N

facets 58, preferably define an 25 angle a in the range ofﬁ%%-40 degr ees.
A reflect Breé'l"léﬁ\%ﬂ%/scﬁ%eq’ for iy tvpe B%%Pil’g?f’é‘ﬁ%dh%gﬁlmﬁifafﬁ%ﬁ PgFeablii de 14 to

recapt ur edefink ghindl@lesSHhaRPE edrdesough the light re-directing side 22 of
the light guide. The reflective elenent 38 is preferably a diffuse

mrror. Filns may al so be added to provide polarization conversion (e.g.,-

a quarter-waveypl atngods3f M e of enbodinent, the lands and pl at eaus
30 52 and 54 function %S vﬁdah S‘f'/}sxﬁ for allowng light reflected by the

stack 30 to pddght guidedingiacartiance with therpresditrimentiomars ipekderatdy afadé be | i ght

guide to efl ective elenent 3 8 .13 3 0 2005 The | ands and
o1t eaus BEREE r¥pslifk, cSb droforF Rmheths iiderbn IR gbing r de. 14
after t histheitghtd toakorlagten formkd aafed niyle bh@etabdd itk diabkneiteil thd0. Fig. 16

shows an jllustrative one-pass.backlit display 10b in accordance with the
princi pl elléeabsfa nfﬁ%”ﬁf@@‘éﬁf’fﬁ%ﬁaw chmf‘i‘fgs“&i%%epll‘é Qdscpr MAMNEHER a prismatic

turmiong f fobmRdishrfades @G fdr nikAg, RALVAERNR ok Bﬂidg‘ tad gl gl des dih Remiiaegat i ng
device 16. Such turning film_ which i's _sold by %VI nnesota M ni ng and

Manuf act ulhPssgkidisteths agt.s Piglesably, hensisens 28Q ere integrelly formed (i.c., formed as a
single monolithic piece) with the light output side 20 of the light guide 14, and the

projections 50 are integrally formed with the light re-directing side 22 of the light guide
14, In alternative embodiments, the prisms 200 or projections 50 can be formed on films
25 that are mounted on the light guide 14 by conventional techniques (e.g., a lamination
process). |
A master for a tool used to form the prisms 200 in the light output side 20 of the
light guide 14 can be made by diamond turning techniques. Typically, the master will
have the same profile as the desired prism structure pattern, and will be used to make a
30 forming tool having a negative replica of the desired prism structure. By way of example,
a master for the tool can be made by diamond turning on a cylindrical blank known as a

roll. The surface of the roll is typically of hard copper, although other materials may be

14



angul ar range that is preferred for viewing (e.g., a turning f@l0nNOYall05
direct light to be nore normally incident to the gating device 16).
Preferably, the turning filmhas prisns 43 that face downwardly and
extend in a direction parallel to the projections 50. Reflective 10
el ement 38 (e.g., a specular reflective mrror) is shown positioned

behi nd t hgselil dia@siddSitint4od light that escapes through the
| i ght re-direct il?lg Si deln%ZO%?O? ﬁggﬁgg%}ﬁg'gfu' geu.se(wi ““g? %R?F'()%Hvylg&escri bed,
for this figpeiletoresssedtioatito the rohePiefeaibly, ngoftimneisersirent aft aiideyol def i ne

an angl e gphés ﬁ&gr es. ;15 V. t hods of nuf acture Li ght
guides in acc_o?gga%gdvga%tl t Sgnof)’%g]eahqlref R | g'%ﬁ?@f”grrﬁlﬂ)[lf-sﬁhﬁe by
ol di ng, éirstespargilel cuht mgs of roatibe 6Rihe ol OTfTE st pitél (f%s‘gt.,ia% Helofabl e

r esi ) agai.p | at he-turned. tool .or_other forned surface, nade of netal

or other %ftf?'ﬁi%&‘ge%“éﬂséﬁu&?ﬁ%& theiionl 300 15 mgygd 8} aconpland| velogity f Dutfing thesi r ed
st ruct ur echttingrhreaees, tiabs1306 i Hingd@ kddiilly 36 the2furh ?fd‘%ﬁleﬁ H’Hi:.ﬁﬁzes and for
s W e fam

nol di ng, enbogflatng q{g curing the Iight” guide Iar to those
skill ed i WY#HEYAFEM thedayma foprpyide the@ripms with diffseenairatesiofi slepe. allnlaypréfemrere d
(i.e., foneRdidamttitheS m't | ) it | ight qutput side
20 of the |ight gui 32"1[[1’%@%(1 tﬁégﬂ“g?gfggﬁﬁ%ﬁ@?&%ﬂgﬂﬂ;\g%ﬁﬁ&afy f or med
with the Vightheteol 40¢ splunged e rdwackl wiilettheerollirgfates s abestari4ate |different

al tqgnat iy [ he prisms 200 or projections 50 can be forned
on filns ngﬁﬁﬁgfﬁ%gﬁﬁe?éd on the light guide 14 by conventi onal

t echni ques ( e.\priouambdificatains aml alpraniosss)this Avemivhevill fbe appard @ thged to
formthe | SF 00 i.n the |i.ght output side 20 of. the _light guide 14
can b manuieB T uF AR alfiobardite Bl Hosind syt elhisyvention dashoold | i
have the wderstopd tibi this ifeentibieis @SR t8 teSMsihhiHCdntoRinRatd &I fornand wi I 1 be
used to gﬁke ? eﬁo f%\iﬁg‘i ng t ool havi nf; a negative replica of the desired
pri sm st FURYAEShopld alsa\be gppregiatad that all of thedrawings wferensed {rotbt Detaflebe made by
di arpnd (DEsEPIGn @ft sBhétdticNEd het@ravt] @Rkaiknown as a roll. The surface of
the roll is typically of hard copper, although other materials nmay be 14
3 0 NOV 2005 used. A dianond cutting tool 300 (shown in Fig. 17) is used
to cut a groove having a triangular cross-section into the roll.
Preferably, a continuous groove is cut into the roll while the dianond
tool 300 is noved in a direction transverse to the turning roll (i.e., in
a direction parallel to the axis of rotation of the roll). If a constant
pitch (e.g., a 50 micron 5 pitch) between prisns is desired, the tool 300

is noved at a constant velocity. During the cutting process, the tool
300 is plunged radially into the drumand pulled radially

15



outwardly fromthe drumto provide the prisnms with different rag@x09f0s
slope. In a preferred enbodinents, the plunge depths range from 15-35
m cr onWO Byoasdyi ng the speed at which the tool 300 is mtryogedeers
retracted while the roll rotates at a constant rate, different 10 rates
of slope are generated. Various nodifications and alterations of this

invention will be apparent to those skilled in the art w thout departing,
from t h&Vlst eppeaiared ispirit of this invention. It should be understood
that this invention is not Iimted to the illustrative enbodi nents set

forth above. It should also be appreciated that all of the draw ngs
referenged in I\% 0@%‘ .Description are schematic and not drawn to
scale. 15 3 0 2005 16784 PCT/ US02/ 19615 What is clained is: 1.
A l'ight guide conpiight ggide dody ghluding dlghtadyditenghgisdde godtibh@idpposite
re-dire t|n é_l'de posltloned opposite 5 froma light output side; a

pl dral i édﬁrl sns | ocated adjacent the |ight out put si de of

éﬂith'e'rggfoﬁé' ?Engﬁ%‘ﬂ s S e S e

hei ght sliglit gude podys the, prishﬁ eurmemgeﬂwsymeadmgto o’ﬂe@ﬁi@tHeh elohe rl\giglﬂﬁs, of
the prisns,. and ea h upper edge including a plurality of ed 10 segnents

havi ng WePrismsirclidigsupperasioss definingheighia of the nrisms, the lmperf: estendimgt i on

struct unes, afi‘th t he l'i ght
gui de b%lgﬁ" P%ﬁ%@'ﬂ? ec ?ﬁﬁﬂtﬁs %}%ét cﬂﬁ %ér%ﬁggwﬁi‘ﬁgﬁij%ﬁgﬂg c,e[ he |ight
emractse(gmeatsrhwmgchffefdmchmgmmgieelolﬁmi:émdpr01 ections each haV| ng a

pl at eau segnent f| rst._and secqnd facets, the el ongated projections

bei ng separ at ed b?P yrality ofilight exteactien staaciuies lpcated adiagentithe fight 16t at eau

s egnont LseLg side{of U REh YR, BT, Aot R it oh BLER e
area ofligmextr@dtam&mncmmmdhdu@eoﬁc&gd&d@mﬁeaﬁais catichavifg bipdatéan@dgAregnent s.

20 3. The ht. guide_of claim1, wherein at | east sone of the plateau
seg rrentfgldotléfﬁg #nd Stgond Goeicine slangaigd Rroiections being gepyatad by dends thatifer

SPYMENt Rcessed relative to the plateau segments, the first and second facets extending from the

plateau segments to the lands.

2. The light guide of claim 1, wherein a total area of the plateau segments exceeds a

total area of the land segments.

20
3. The light guide of claim 1, wherein at least some of the plateau segments define
areas that exceed areas defined by adjacent land segments.
4. The light guide of claim 1, further including projections that project outwardly
25 from the plateau segments.
5. The light guide of claim 1, wherein the light-guide body is generally wedge-
shaped.
30 6. The light guide of claim 1, wherein the plateau segments, the facet segments and

the land segments are generally planar.
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4. The light guide of claim11, further including projections thﬁ Wn%_pg(:t
outwardly 25 fromthe plateau segnents. 5. The |ight guide of g ;
wher ei gud Dﬁoﬂﬁiﬂht -gui de body is generally wedge- shapedpc3sozdshe |ight
guide of claim1, wherein the plateau segnents, the facet segnents and
the | and segnents are generally planar. 16 3 0 N OV 2005 WD 03/016784
PCT/ US02119615 7. The light guide of claim?2, wherein the area of the

pl at eau 7s egmertedight gaide o 8%im &, whel@Rstha Srdadiféiee Slatekid Sephicis i@fat fehgt § and
segnents. 8. The light guide of claim1, wherein the nmagnitudes of slope
of the @mﬁérasé@rg@asgle@é@mfrtbglaadéegmm@my varied. 9. The |ight guide of
claim1, wherein the edge segnents define peaks, and wherein at | east
sone of the peaks of each prismhave different heights. 10 10. The |i ght
gui de ofg cl aifReQighnBeite bhclalie 1heheleinsthe mdohiRuRSdf Slopk of fIRNEPS sdgyar i ed.
11. The light guide of claim1l, wherein the edge segnents define valleys,
and whesegmentsare/randomlyorticdf the val |l eys of each prism have different
depths. 15 12. The light guide of claim 11, wherein the depths of the
val | eys are randomy varied. 13. The light guide of claim1, wherein the
prisms are i niRqght giide bf ElAfn 11 GhéreRithedlige n@fdeting pkdi@indoWhatginkRdy .
20 14. The light gurde of claim1, wherein the |light extraction

st ruct ulesst somee ofithe gealts oficach prisve havegiffercat gightst i ng si de of the |ight
gui de body. 15. The light guide of claim1l1l, wherein the |light extraction
structures and the prisns are integral wth the Iight guide body. 25 16.
The |ighp, guitde 1%& ghidk BF dlaint0ewéRid the hbisBRlfExd feakt hRtasddgtvdfies are
el ongated in a Irection generally transverse to the | engths of the
prisns. 17. The |ight guide of claim1l, wherein the |ight extraction

struct “rl?.s (:"ir11\</3(51‘igil1.{1 gl?ide %P cl%x%q R?\Qf ci:rgl% th te:glgeer s%gm]égts?fgﬁge‘/ v%?e%, a?nd wherein

at least some of the valleys of each prism have different depths.
15 12.  The light guide of claim 11, wherein the depths of the valleys are randomly varied.

13.  The light guide of claim 1, wherein the prisms are integral with the light output
side of the light guide body.

20 14.  The light guide of claim 1, wherein the light extraction structures are integral with
the light re-directing side of the light guide body.

15.  The light guide of claim 1, wherein the light extraction structures and the prisms
are integral with the light guide body.

25
16.  The light guide of claim 1, wherein the light extraction structures are elongated in a
direction generally transverse to the lengths of the prisms.
17.  The light guide of claim 1, wherein the light extraction structures curve in a

30 serpentine pattern.
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WD 03/ 016784 PCT/ US02119615 18. The |ight guide of claim 1, whey&NOV Q005

| i ght gui de body includes a light input side that extends between the

| ight output side and the light re-directing side, and wherein the |[ight
ext ract WA 0FP16d%% ures are elongated in a direction that feresa@nyel i que
angle with the [light input side. 19. A light guide conprising: a

wedge- shaped |ight guide body that narrows in thickness froma first end
to a second end, the |ight guide body including a |ight re-directing side
posi tiont¥ opbobghtguideont daihi fiwhaveinhe liglitgaidet bodylingbdesractighit irgnt kidg Si de
and the }ight, output sigde.. ext endj ng .between the first and second ends,
the Ii gh&lhag?ﬁ‘%féﬂlsj y""ﬁ“&ﬁ? Hé'l% qq%}fﬁﬁieﬁg‘déhqh fe-dirgeiing sidg. pad evheimthed at
the fir sligigReiradtita di ' ' : l.ght, re-
directi nggsi.de and thgﬁlg?égdﬁggfgﬂgﬁﬁé ﬁgiﬁgﬁ%@tgﬁp ét}ggﬁgt%ﬁe@ﬂ]qtgpgﬁ féegvelhb{hlesrrs
i nt egr allightinxput Widel i ght out put side of the light guide body, the prisns
extgndi ng side-by-side relative to one another along |lengths, the 15
prisms includi ng upper edges defining heights of the prisns, the upper

edges extendi §9i-at Ode bhEplisREL hs of the prisms, each upper edge including
a plurality of 1é’dggﬁrls‘(::\grnegg:tls g'havi ng different nmagnitudes of slope, the

magni tu;:les Ff sl O]E)el\w:dgey'ﬁmw dighttogdige basd;mlatﬁﬁgﬁ:v&e‘gfmalltnds@ﬁﬁﬂgﬁﬁg?gﬁ@ﬁnt ;
and a plurality, o jght, extractjaqn structures integral wth the Iight
re-di rectf’iar‘?ﬁcoaé/ioengi’ dl%g Eghtt qa‘?O&HtmﬂH 188 aighirerdirectiag sletmostiionpght  t owar d
the |i ghdppasitdditbmS | i et ract | r L nel udi-n

el ongat e pgr 0] ecrtni og%tgg ht%ulg\gﬁhﬁallaﬁp)l{eg?ggﬁg%%gérgﬁ ﬁgﬁ%hk?ltpgfmg%d second
f ablt s, dﬂxltﬁ;lldm.gdmgw_ c@dthph rfhj;tleantlismdtmﬂmghesﬁgiﬂ [%at?pbdaly ﬂlﬂﬁ&id Snélb@h‘gg ?ﬂ%ht
recessed _rel ative to the plateay se nts, the first and second facets
ext ond: ABPRregrRvTocatet 4t wE ST Eiiebe SERtmoHerRreex Sptinpberaon M S Fery
conpr i sidm@ﬁn%siagg_mtlﬁq}g}ﬁgm 8t dijght gating device; a light guide for
directing light fromthe I'ight source to the Iight gating device, the

l'i ght guide incl udi plyrality bf ghtgagepdembisgralneitiutherighactipghsidoof Pulighi de

(et oS SO S LA SV SR a0 & LI 5 est 09 oo
15 prisms including upper edges defining heights of the prisms, the upper edges extending
along the lengths of the prisms, each upper edge including a plurality of edge segments
having different magnitudes of slope, the magnitudes of slope varying randomly from
edge segment to edge segment; and
a plurality of light extraction structures integral with the light re-directing
20 side of the light guide body for reflecting light toward the light output side, the light
extraction structures including elongated projections each having a plateau segment and
first and second facets, the elongated projections being separated by lands that are
recessed relative to the plaieau segments, the first and second facets extending from the
plateau segments to the lands.
25 20. A display comprising:
a light source;
a light gating device;
a light guide for directing light from the light source to the light gating device, the
light guide including:
30 a light guide body including a light output side that faces toward the light
gating device and a light re-directing side positioned opposite from a light output side, the

light guide body also including a light input side that extends between the light re-

18



| i ght guide body also including a light input side that extend§gmgvgmﬁn
the light re 18 30NOV 2005 WO 03/016784 PCT/ US02/ 19615 directing side and
the |i ghdosuicpst side, the |ight input side being positir@Tagkoad¢asent to
the light source; a plurality of elongate prisns |ocated adjacent the

| ight output side of the |[|ight guide body, the prisns extending
side-by-side relative to one another along lengths, 5 the prisns

- i ncl udi agedtpRedidegdgbhe dighi aitp@ S, ﬂfﬁligh@inpﬁlhﬁd@béiﬁgﬁosiﬁb@edﬁaﬁkﬁfenﬂ@gﬁé _
extending along the |engths of the prisns, and each upper edge including
a pl ur alighisogfceedge segnments having different magnitudes of slope; and a

plurality of |ight . } r | I re-

directing side of ﬂtlﬁé}ailﬁgﬁfte?@ﬁ%%eﬁ%@#@%g%‘%’g%ﬁﬁlgr%%f%tﬁ@&?%%/\gﬁgét he

l'i ght ougrwgui&é B&dy, theprish® diit@liingende-beidenelativaintdie esoihechlugi Ragths,

el ongat ed projections each havié%g a [)I at eau segnent and first and second
IS N

f abets, (tjhetmllsmsqngladmg yppey wiees pights &y dheamsmspibel wa%edgﬁagxt?m@lg
ot ot 5P E Aol RLS Op athultR BB R B APR Gipe bMfdind 2hubfly SERERE, (OP2I°

cl ai m 2Qgariihifes Baving Bigfordid Magaiitidte Jigibpe] manedge shaped. 22. The displ ay
of cl ai mg20, further conprising a reflective el enment positioned beneath
the light re-direetnlmglis efdight extmstion gituctyigs decategdimgentthelightdpt ay of
claim?2 further risin i .zl | i.fi oped
oo 2 ST o BB, Rk AR, BRMLT LUDARRSHEoBE,
guipde ba@): extdctidinstrgbingRs Sxlingdiangatstprofedtibitasack BavinL Qiphgean fineamt i C
bri ght eni ngifl | m positioned between the |i g)g'_t gating device and the

| i ght oenplirst andeecond fansts, thyrplongatedpreigefjons singgeparated by lands that are

recessed relative to the plateau segments, the first and second facets extending from the
plateau segments to the lands.

15 21.  The display of claim 20, wherein the light guide body is wedge shaped.

22.  The display of claim 20, further comprising a reflective element positioned beneath

the light re-directing side of the light guide.

20 23.  The display of claim 20, further comprising a reflective polarizing film positioned
between the light gating device and the light output side of the light guide body.

24.  The display of claim 20, further comprising a prismatic brightening film positioned
between the ﬁght gating device and the light output side of the light guide body.
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