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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 backlit 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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J J The various aspects of the present invention have particular applicability to

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 of a
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; v

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



WO 03/016784 PCT/US02/19615 Fig. 3 is a schematic view of the backlit
display of Fig. 1 with a diffuse transfiective film positioned between the
| i ght gui d® @ndemshhe | i ght gating device, Fig. 4 is a bottrmyupensqaective
view of a light guide in accordance with the principles of the present
invention; 5 Fig 5is a partial side view of the Iight guide of Fig. 4

Fig. 6 is a bottomplan view of a second |ight guide in accordance with the
principles of tHe 3pseseidmativwaew obthe beeldit display o Hig lawvitla diffaspl an vi ew of a
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perspective view of the light guide of Fig. 4, Fig. 13 is a top, front
per spect i weingipegod therpresent GeNHW de of Fig. 12; 20 Fig. 14 is a side

profile view ofg. . L i o Fl 221 B Qs i ly. depi cts a
recycling di spIFell 'hflﬁ aalg?:l?)of) ggﬂr}g)zanﬁl%‘g 0? ﬁgﬁ[g)dr]il@&%&dégn g%t{‘&%tezé g/?tgs%ent

[ nVﬁnt Lon;priﬁb'glesb@tmp&emtim/ahﬁqn;depi cts a one-pass display in accordance
with the principles of the_present Jinvention; and 25 Fi.g.,17.shows
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Descri ption ‘The present ‘i nvention relates generally to |ight guides or
extractors for Rige isiadide pofiteanflel fifth kight ghislp dn adieedancg ithdhg prénciples efibe
invention are particularly useful as point to area or line to area back
light gui PESRIPVEYIOR: ni ature or miniature display devices illuninated

with Iight em tiing @iaQetRsprolifeldth sPANBERbuRE i5ABEdrddrt Wwethi t86 prifipleabf e
di spl ay devi ces
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 deviqes



3 WO 03/016784 PCT/ US02/19615 include color or nonochrome LCD devices for
cell phones, pagers, personal digital assistants, clocks, watches,
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Fig. 2, the light guide 14 preferably has.. d hape...T hr.ase . . "wedge
shape" wi ISHUgfETesHE8p SUSWETRAURRART EHECURS }lgl?tgongﬁ?fsl@?@wdgﬁ,ﬁ agd &eﬁﬁ%l end
or the 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 guide
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 a 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 -



end closest to the light source) of the Iight guide 14 is thicker than a
second end 46 (i.e., a 4 W 03/016784 PCT/US02/ 19615 distal end or the
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re-directifgal dnsAdtll fflﬂle(e.lgj.,gtrﬁro&}& d81d b9 NikdseSifing and Manufacturing
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 parallel and side-by-side relation to one

another. The projections 50 are separated by lands 52. Each projection 50 includes a



plurality of elongated projections 50 positioned in parallel and
side-by-side relation to one another. The projections 50 are separated by
| ands 52. wieaashvigrsej ecti on 50 includes a 5 WD 03/ 016784 PCRAIARMLA94G315

pl at eau segnent 54, a |leading facet 56 (i.e., a facet closer to the |ight
source) and trailing facet 58 (i.e., a facet farther fromthe |ight
source). The lands 52 are preferably recessed (i.e., in-set) relative to
t he pl at eplatsmgepmest B4 a IeAdingffacu 56 (656, afadetzdosextodhe lighteaprchbanddirailieg u

o1 of ect  onteeh S 805 Gper 5 B TR EEHER Y PoL 7 s BB v L

gener al | y ({4 ath-638RAVe tothé pRicalisogmad 84.6The fa361856 Ghd 68 extgadoal thy fl at
segnents on opposite sides of the plateau s (I:ment) y.relatively, steep

b .
of f set el glnserusegmens S4tathetlandse 2amng abw)exten gqnérth@ legaths phtheprojegtigns

seg ts" d.ncludes s nt.s_have | S res that
varﬁhe SIQI o] I?ee tSfmtﬁ%&%}lg%gr%%\éngﬁ%gé @%&st?%t\éﬁ Sd e%grﬁtﬁyﬂagégg etrﬂgbl y, the
gener al | y offsat fr&R aaRbéE laids {0e. | depetatindit SZnenes @LIppbsite sidds|of ter gatead
extraction structures, and aref%gffi ciently flat

. 0 t romgt e
propagat i ¢aement) by Frlativehosiet eifst plemRRts §71Boicels ngnggfg}ilqn?fﬁt?’é? nggnerally
reflectio g el atl ht Whivh d t hat
t he facet gl %é@%eg&%éﬂﬂg@% %%F%Egaﬁ%gglﬁg hlts re%uget% i(\e‘gi’sﬁﬂagg% tggt anlaer ed to
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Fig. 4, th | at I 4 d dl ffset f he, | and 52.
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greater thgn the areas of the plateau segnents 54. Fig. 5 shows the |ight

guide 14 with an imaginary |ine 60 drawn through vertices_ 61 fornmed at the
i ntetSections ohs shoavil wdtig theplateau swments Y BP%WM%%@E%%VP@ @g?ands
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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 plateau segments 54.
Imaginary 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 plateau 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. In the embodiment ‘of Fig. 5, the primary reflector

portions 70 are provided by constructing the trailing facets 58 longer (i.e., taller) than the



and the plateau segnents 54 are preferably substantially parallel to the
imaginary line 37. 30 The trailing facets 58 include primary reflector
portions WO @lvat7sext end upwardly higher than their respe®dviesokesdsng
facets 56. In the enbodinent of Fig. 5 the primary reflector portions 70
are provided by constructing the trailing facets 58 longer (i.e., taller)
than the 6 WD 03/016784 PCT/ US02/ 19615 |eading facets 56. As shown in
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20 further embodiment, the trailing facet 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 0 for a light guide whose leading

facet plateau vertices lie along a curved path should be approximated by calculating the



the Iight guide towards the distal or narrow end and the | and segnent

| engths remain constant along the Iength of the |light guide. In another
such enbodiomwmi¢7sthe trailing facet heights are constant pamdusopeddiand

| engt hs di mi nish fromthe input end of the |light guide 30 towards the
distal or narrow end. In any event, the angle O for a |light guide whose

| eading facet plateau vertices lie along a curved path shoul d be
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facet pretmbadplsvirthée. q@w&v&&a@kegfoaﬁsoettak@bmutJOIdﬁcaegeemfacemugmssef erably
about 85 to about 65 degrees. Preferably, the plateaus have generally flat,

opti cal | y Thatowillhedpiavaiéd ébo%@gé‘@d Ather visual aefifpea thabmay grse @44 W0act i on. The
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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, © 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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1.5 mm nore preferably about 0.004 to about 0.12 mm The angle 0 between
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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 shows a 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.



52b that curve in a serpentine pattern to avoid banding effects and to
better random ze 25 illum nation. Projections 50a and 50b can have the sane
profil e awadi@mej ections 50 of Fig. 5 It has been di scaavesmuyas, by
increasing the size of the plateaus relative to the size of the |lands, it
is possible to increase the proportion of the |ight escaping through the
facets that is recaptured by the adjacent facets. Fig. 8 shows a |ight
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shows a slis alimiten the meaximumhelgbfpbile siser of grprefrysion the pragtica E%dﬂi ment of

approximately one hundred percent of the height 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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Fig. 10, a light guide 140" has an extraction structure 142'. Extraction
structure 142' has a protrusion 152' which has a | eading face 154" and a
trailing Waces/ol&84. Protrusion 152' further has a pl at ealrClids022%1Fi g. 11
shows a light guide 14" in accordance with the principles of the present
invention where the | eading facets have been reduced to zero such that no
pl ateaus are defined. Instead, this enbodi nent includes a plurality of
general |y fl at GherfextrestiGstruofukessiitalfle fomuse e practidieg theyprésauieinverBi®n caifhe

by ot ol PhferR U ottt P St o 08860 D BB LR AT AR Fom
30 the IIab@rmﬂmﬂngycT@REscwmghhsw&aamg@ dAttdiBey Doblket 336t put si de of
the light guide such that total internal reflectionis frustrated. 10 WD

03/ 016784 5P agbwhichwyasdileden pertember 26 204 ures suitable for use in

pract:i cing the present invention can be found in U S. patent application
Serial No. 09/669,932, entitled LIGHT GU DE WTH EXTRACTI ON STRUCTURES,

whi ch has beenJHsSsi gﬁ@dm&pmrﬂmyofmgmulﬂb 55244USA1B and which was filed
on Septenber 26, 2000. 1] lqglﬁlg Qut put .Si de of

Ligh jde A

schematl cally sékﬁﬁﬁhemﬁ“qaiu@j shayyn 1% éﬁ‘ﬁhgﬁ?lﬂm“ glfl%@gg ﬂ’%lgfh%‘ﬁﬁ? dht gui de

inclu r h be
under st ool RS ait'of cRingBle BRER, 200 TRERrEoBrioph ol BE Thadiibadlo bl
facets thah opﬁca]ﬂ;fetrhnls,mlsdﬁ/elbadpbmmd]l@ tshiosprenare f?acetseihammflseldng IdBVIafEhE prisms
2000fthellght Uld extend side, d Iatlvet oea | ong
endihs. L Sispeian geRaot GEBbvaE s 200 8T HeiahEn g Fone 0G5 -HIE THARERE 200
each incl ‘#gggﬁaiﬁerf RngfLt *I@{fan@ﬂﬁf 6@«%3@0@@5&@& &@Qargﬁgezrooedge 204. In

certain e msnt e upper edges can be roun . The upper edges 204
define heights ’Ehe(mismmﬁlopmacﬁl lgclud@)v&'@fact:ﬂﬁ@o%ﬁhaép@f@@biyMhtmu%éeigﬁp

G 11 or ont 2% IRy SpBointh htylrd o9 P0T ETENLDuftl TR WP R S |

nagni t ude dafgk MisRSH @Rowh 11§F1(gp133) dftige Riseiser0ablBach bﬁﬂﬁ@jﬁsbm adaed 2@k for t he
edge segnents 204a-204o0 of each prism 200. Faor rates of slope

can Be r amerbrdey apdnrelityef egosagmenissiiprlte Bﬁ"lﬁg d@f%%’é?‘%ﬁéﬁ leesrtical glope.32 000
o L, SRRSO ]SSBT FOLLARA OB sl eapprgeb) o9 | ha
shaped) . kimdobligwatedfod Ithﬁﬁifgs sedninty 204as20db 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-random 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 peaks 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 204¢ deﬁnjng 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

204 can also meander in a horizontal dimension (i.e., move from side to side thereby
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sl ope can be selected in a non-random manner. For exanple, for sone
applications, it may be desirable to gradually decrease the nagnitudes of
sl ope al on® @3heei8engt h of a prism such that segnments haviray/tdve/1stieepest
rates of slope are positioned adjacent the light source. It wll be
appreci ated that general design degrees of freedomallow the slopes to 25
be selected to correspond with desired extraction efficiencies. Referring
to Fig. ldevihtigp fipmper sigglgesrti2fldplafe) bloag i lsngih 206X cdelh priem200) i athet y of

peaks 206 and valleys 208. The peaks 206, and valle 208.are defined at
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segnent s dengthefveachlipfibmr286t Prafgrblyuthedierpiits aflibe peake 206 ped valleys 206 asger t i cal
slope5 (e.?., see ed segnents 204e and 204f). As best shown in Fig. 13,
each “uppe ar{gaggyv "can al so neander in a horizontal dinension (i.e., nove

fromside to sifdent Aen-Rtidd eMEd AR 6:E84isRED0NSER hdRbl BomiaMhaititeg from a
single vertical plane) along the length L of each prism 200, In other

enbodi nenieboutt2Ranigednssyith the Brigmheightsovareiag fiom | hmicrpey ioArpigronsi ldet i on. As

shown in FEig,. t he -height f : yaral ong

t he Ieng?ﬁ%ﬁp%ég@ﬁl%r i -n%%gath% F%&gﬁggﬁge%e%ﬁ@rﬁ%éﬁ’? gqﬁpﬁge}ﬁ%r\egg%{sAZOG and
val.l eyszgglﬁ)rarp&g&ré@aﬂgﬂbﬁ/pm?ﬁ% ﬁ_dmh2t4’ltof(ﬂ®&ni@m’iisl i%ﬁb@tl}geiéﬁb@ﬁittﬁmhﬁﬂ the
prisns can have .a nom nal hei ght of _ abou m cron t prism
hei gttt s vanigiong Additionallystheippiedadangte W@F(&b)h% thegeets %‘h %ﬁ?’%ﬂl PEIHB\%OF% Fi g.
13) of th i : 3 5 m . e

or ef or r ed e ETp S eRRE DE TR0 aSARARRY Rty AT R o ot ch
is 50 10 nfiegrees sModidateferabhglthe/included anpi¢ afithed faetd 202deP) degletsy t he facets

202 of each prism 200 is. eferahly in the range of 70-120 degreges.and
more pref er abl Wetpringdo i’éﬁn@ > GF Qgﬂ%(y@)pe Pé%ge%éq%b%@oé? ?ﬁacv%g
i ncl uded apOLe, OhorlABRtal BGBPSheAPY of Rnd @:g%r BSmicRRHsr TheodAnfal 9. 12, each

of the upper edge segnents 204a-2040 is own having the sane horizontal
conpbhent cpmpbnéreygbhedcd.of the uHer edgersegmynts Frwefeeably bribaranes of gbpiént y

500 m cr ond? WAIe. (ot FERErRL i b ke BRGNS bubep g Wil o et
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from segment to segment.
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.
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As shown in the schematic views of Figs. 12 and 13, the upper edges 204

i nclude 20 discrete peaks 206 and val |l eys 208 connected by straight |ines.
I n actual woramuéme, the edges 204 include rounded peaks 2A/esvd/19ab| eys
208 interconnected by generally straight segnents as shown in Fig. 14. In
alternative enbodi nents, the straight segnents could be replaced with
curved segnents. In Fig. 14, a horizontal conponent y and a verti cal
conponent x of Refemmgetilldddiez. 125 depgn@Hl o2 dhegioates|20d is 4lso sldvwn. bEhe

i at t .t i tud .t d t 204p, i
b er o nedep TP Faces aier Plen T8 Srsients T S anid SRS ot ot onent
y. The di nggti 2 &ioe preBi@bly ha8 a phid @iy lof é@geeghRaRthaVia) differdir8ledbnadpdy
whet her the edge segnment i's ascendi ng or descending. In a typical

enbodi ment, t henagrihe pdsm»200 ef the iglifguidegidfdnctiange segnent plb¢ satdsiop wi | |
not ceed_10 deqr . . r .30 nmagni tudes of slope could al so
be uggéd. f‘%S&BeG%Pg%ﬁg%wﬁgﬂfﬁgggassﬁ%%rrgné—;ﬁ Il to Fi 8. 14fJ a

depth 210 of one of the grooves 201 is al so shown. The depth 210 is defined
by a | ower edge 212 (see Fig.%i 13). Simlar to the upper edge 204, the

| over 212 edge Br-ef dHEHraivRIYSHaYS urality of edge segments having different
rates of slope.y;,l ks aeq: | i hon to .
The variation FSlgi QS S g«bseaﬁlgﬁ%%h?ﬁgecﬁgﬁlﬂaghgﬁ 1%4%%%)9&9&5{ ﬁg&f%%cgls&gﬁghg in
V. 11| ustpriiciples dhitspprayant Fivgntidd Blieodisplayn 104 inclstiessn opgicalestackl3ong backl i t

The U <pi dpi6acy haraaneahbBeie 1 o bebebbetg tsuite B Senutivetin e
light gui S:ﬁs;ﬂércﬁé}ﬁintg Badab @Rkt Gakling qﬁ\epﬁeaﬂs@ack@@ragﬂﬁ{cme%s; RutdBer ofdi spl ay

| i ghting teristics desired, the optical stack 30 can include any
nunber of differefieomsivel dpmintal Ferl examples thertackax shmireincluimgst misko-pess Hiden

i ncl udi ng m cro-pr.ismfil 32 ch as brightpess enhancing film(e.qg.,
"B | ght neB<Ueh AL BTGPPSR AR L Bn e Brhisi ERRRe R IRT bARpey ok

M nnesot a NBEFY Aatatdyefehawlindesdts Migingany MSiufaciaite, CdbpMy)Se patla) -

Bri ght ness enhancing filns typically are designed to recycle/reflect |ight

em tt®ed frMinnesasa) iByighteass eehanging fdms fypielly sreidesigngd tereckslguatieet lighige
9., U_S, -Pat.ent. 4 7 t . '
o o ence oot GO FPligp{Ruiad) RG: § R0 o DRAERYod HROREXATSCPEN

extend i n Mo i, 9@0II0RatIB halebeinchepored b fefathdinof ehtiety)pThf &thi3atms50. The

stack 30 also includes a reflectiv ol arizin i]m34 (i.e., filmthat
prisms that face upwardly and exteng inpa direction pgrailef to the di(rection of '816

projections 50. The stack 30 also includes a reflective polarizing film 34 (i.e., a film that
20 reflects one state of polarization and transmits the orthogonal state of polarization) such as
a Specular Reflective Polarizer film product sold by Minnesota Mining and Manufacturing
Company under the name DBEF). The reflective polarizing film 34 preferably has a
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
25 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
angle o in the range of 20-40 degrees.
A reflective element 38 is shown positioned behind the light guide 14 to recapture
30 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
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20 reflects one state of polarization and transmts the orthogonal state of
pol ari zation) such as a Specul ar Reflective Polarizer filmproduct sold by
M nnesot awd asingrsand Manuf act uri ng Conpany under the nanme@BE6R/196ike
reflective polarizing film34 preferably has a transmission axis that is
aligned with a corresponding transm ssion axis of the gating device 16.
Light not aligned with the transm ssion axis is reflected back to the |ight
gui de 25 142 apt54 Bwytoras “wndewsaler alowipglight reflegied by the3gchVitmpas

transm ssi gn_axi l4.gn Lth. . bojh.th efl.ective | arj zing. fil 4 and
the gati ng%a%%ﬁctge %%htgs—%?rg\é\%%g P %}s%g?w g‘ﬁﬁt %Wge\/‘iotfﬁas %@gg?t?‘f?ge&?m‘?rg]r?’ﬁt hi s
type of apphé kabi anl plhlend 328ddd 5aghémgeive thi8ight ®f e leat Yheladli BRidaNn4 a&egl e a
in the range of 20-40 degrees. A reflective elenent 38 is shown positioned

behi nd t hefbeilight hasihegr reflected hydbaysiigetave edamentght t hat escapes through the
| i ght zre-directi [ | gl Loe. 1 f: ' . nt 38
is pr g,f erably aF%gtl ?Sg(gwﬁ”%} fr?lf(ljl}s&cnIE—{ieIO'rnlg ?)tr%%gdé a gtodlﬁ%ag%éh%g %dr%f&oc\e}%gl%e
pol ar i zat i princiglenviths ipesserftangention. Thadisplay Waly inchides e prisharid tuising Yipe 40f
enbodi ment, the nds and pl ateaus 13 WO 03/ 016784 PCT@%SOZ/,lQ 15 52 and

I
54 funct i oboSiEonedDRtvsea the Batt g witigd theggting dpyise L @qSvsh HEing blmivlight o
pass thro : i i tn Sty gﬁ’ antyhﬁ] i i de to yeach
the refl ecttéigg\t}ledt I en%rﬁgt%wﬂ%%alhgﬂgg an gpz)?%@%aus gEZII %Egal%g‘t‘mn—éfsl ow t he
| i ght to rasedro¢ es-dirtnd lighigotangmpder kagathtieis preflueed foghievhings (e enturgihp éidtmed by

the reflective e t.30. 5 Fi 16 .sh an Lllustrativ ne-pass backl it
i spitly. 5ot ek EdahE Biosf poraty IifetR i e daling S8 o BulREbBudR:  on.
The di spl ardifP filAHay §BSMA4 PiHaB IRE U6whihAlyehd dxtdRddd a dpesidd RRat] ketheeen
the light guidé 14 and the gating device I6. Such turning film which is
sol d by M pueisstors M- nRefiectiniel clvmant Holew i anpeadapafsctivadeirronhe shae | i s
used to re-direct .lj t ngyl.ar  range.that .is _preferr f.or _vi ew ng
(g . Ca coitigiEh pehling Gy a Sroc R Ridn Blay 3 aPLShRER She i st {0
t he gati ngdigexing 8idk®p.of eligt abidg, Ashrevidwstyndergribdd, forhas tyjel EaBphchtibhat
face downwardly and extend in a direction parallel to the projections 50.
Ref | dét i vetheltiaping fagds p@ prpferably deting amangley lesg thap20idegiest) s shown
positioned behind the Iight guide 14 to recapture |ight that escapes
through the light re- directing side 22 of the light guide. As previously
descri bed, for Whis Mgtiedsof Mmpbfacatre on, 15 the trailing facets 58

VR L SR TIRIR A I I 65 A N TR
pref er abl y3Rfige R¥bossing, curing or otherwise forming an injection moldable resin against a
20 lathe-turned tool or other formed surface, made of metal or other durable material that
bears a negative replica of the desired structured surface. Methods for making such
formed surfaces and for molding, embossing or curing the light guides will be familiar to
those skilled in the art. Preferably, the prisms 200 are integrally formed (i.e., formed as a
single monolithic piece) with the light output side 20 of the light guide 14, and the
25 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
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
30 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

forming tool having a negative replica of the desired prism structure. By way of example,
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nmol di ng, enbossing, curing or otherwise formng an injection noldable resin
against a 20 |athe-turned tool or other forned surface, made of netal or
ot her durw ®/oretseri al that bears a negative replica of trETHe®Rnsds
structured surface. Methods for nmaking such fornmed surfaces and for

nmol di ng, enbossing or curing the light guides will be famliar to those
skilled in the art. Preferably, the prisns 200 are integrally forned (i.e.,
forned as aamaSEm@t élertwﬂcﬂathhimadpibec@mwdtthnﬁmeon agﬂindmalmlanlskmm& of the

[ gnt o debedte Aueds Er Bt hREAP T pag, Bhder AR olnéy gty b

enbodi mentyged.t Aahﬂhbm@ﬂ@td@[ 300 @hewh iORR. D) i§ aRedas cfroi g@)@v@ﬁa\fmé ars t hat
are nounted on the light guide 14 by conventional techniques

| ani nat i orfriapguetesess-seatiopiithe ot eff‘(lj@hl}’=Lﬁs@dlt1ﬂ@01fScﬁﬂPﬁ‘teﬁé cwrm@}fge zﬂb in
he ligh di d
urni gt SOk aRlitasBoiao oy e d @i odRsviite 8 el ORI hEND

the desir edlreotibs parallélue the xipaf totition ofitia ruil). |If heonsed pitch (g ea ao nﬁafom ng
tool having a negative repljca of the d%5| red prism st ruct ur.e. of
exanpl e, IMONDPTFEE BrrERs PErFitesh Hetoe 390 inmeyet ala qogstaphieled Qsaﬁlgﬂ made

by di anon surface of
Che rol |1 g ooy D e ety R i Fnd Pt Y

used. A dianwadlyfromithe dtvooto ﬁﬁfmde ﬁtﬁpmmsnmlﬂl @ffeﬂeﬁ) rates afstxpet e tptefarrgi oove
havi a tri ul ar, cross-gection ipto th . ef er abl ont i nuous
or ool s koS EbRER 6% e BB S biotooh ST e wRede n o

di rection KR MAHSE3(00is ;phﬁxgéd:'éﬂeﬁgctéd)%ﬂé theSoll rbtated at &lbdiRGnt A, RBfFALAE! O
the axis of rotation of the roll). If a constant pitch (e.g., a 50 mcron
pi tch) betmenfﬁlppsmgegela@ﬁlred t he tool 300 is noved at a constant

vel ocity. During_ the n ¢ tooI 300 | rally
PtoCthe drum ayeit atEbaltsRng SEGRelsaR e Pysrinn B raiaREr KORG8 e
prisms W tdkiltdfiheheat wﬁthb@t&iegémag@m thleRc@beling fspirit 86 thid BvendediToEitugd bé he

pl un?e depths range from 15-35 mcrons. By varying the speed at which the

t ool 1300 iundgrstengehatshispmyantion ichajipiedito erlgllﬁtrailﬁ% ginbadiments sebfpsthant rat e,

di fferent I r Dg{}g

alterati on%sbrog% ?ﬁﬁéulﬁr?\%gﬁote?%ﬁmg | i t@%%gpoéﬁ%@% %stegg@& fl?‘qﬁf nthe art
Wi t hout depedctiption areathdreicemdmet dradngpisedlé. of this invention. It should be
15 understood that this inventionis not limted to the illustrative

enbodi ments set forth above. It should al so be appreciated that all of the
drawi ngs referenced in the Detail ed
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Description are schematic and not drawn to scale. 15 WD 03/016784

PCT/ US02/ 19615 What is clainmed is: 1. Alight guide conprising: a |light
gui de bodwa osohemeng a |ight re-directing side positioned rppo®Rtiss1s5 from
a light output side; 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, the prisns including
upper edgeWhatfsicimgd i ght s of the prisns, the upper edges extending
along the lengths of the prisnms, and each upper edge including a plurality
of edge 10 segnents having different magnitudes of slope; and a plurality
of I'ight extrachilipht ghideebmbpaisingocat ed adj acent the light re- directing
side of the |ight guide bodg for.reflectiggvli ht toward, the |ight output
side, the |ight ext#®HehtBRdehedydpelndiagadightee-diepctng pigaPatitipred aaposiths each
having a p : -y..and first and second facets, the el ongated
projegtionga%gﬁ’}ﬁgg a?%?%u by lands that are 15 recessed relative to the
pl at eau segnents, t heplural#y ofinldngate prising hceted adpatam dheniphf votput ide opihat eau

segnents tQ the Jands. 2. The light guide of cJaim1l, wherein a total area
of the pl a@@a@ué@%wge é&lé@éageﬂ&ns ek atdeselsivg Ffboqeaﬁﬁ’ﬁt@é@%ﬁﬁ%lg%% 3.
The |ight guige QfindhBhfuper UISLQlefinfly HefA% ofSRIBrihs, ttll[@u@eﬁ&fg%g eﬁﬁﬁﬂﬁ%}z

define areas that exceed areaS defined by adjacent I'and 'segnents. 4
| i ght gui daong thellengthsiof the ptikres, and chehdippgr gdgejindudiogs pluralitymf eflgct

out dly 25 frogmthe.pl ateau segnents. 5. The light guide of claim1,
wher éf'n th%egmeafﬁ%aé/mgdié&lﬁrga %m‘g‘gﬁ%?}aﬁi?fif’%%ge- shaped. 30 6. The |ight
gui de of claim 1, whgpRirflity e liphtak@atticiegehid loddal 4 htﬁl@%%ﬁﬂﬁes and the
| and segnments are generally planar. 16 WO 03/016784 PCT/ US02/ 19615 7. The

| i ght gui déirestingsisierpf the lgha guidg bofe foyrefeching dight tomardetha lightpriputsides thet

| east 8

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
15 recessed 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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times as large as the area of the |and segnents. 8. The |ight guide of
claim1, wherein the magni tudes of slope of the upper edge 5 segnents are
random y warad@de789. The |ight guide of claim1, wherein thPETaRYe/198§MENt S
define peaks, and wherein at |east sone of the peaks of each prism have
different heights. 10 10. The light guide of claim9, wherein the heights
of the peaks are randomly varied. 11. The light guide of claim1, wherein
the edge ségnentthe ekt giids/ef qlaips2, véhereintwrasaof the plateay segoends sfat tdast &/al | eys
of each pri i f 2. The light guide of claim 11,
wher ein thg e%?%gggktﬁﬁé%ggf %@éﬂ§$ ?g%don1y varied. 13. The |ight guide
of claim1, wherein the prisns are integral with the |light output side of
the |ight guide_body. 20 14, The |ight gquide of claim1, wherein the |ight
extracti ongstruggﬁﬁglét%‘ﬂ‘ée‘?frﬁl@g’r]alwhﬂql% etprgnitudes ofstapgiof dha uppgr edage of t he
| i ght s5gui dg, Ysaré?and-gﬂlgij' t guide of claim1, wherein the |ight
extraction structures and the prisns are integral wth the Iight guide
body. 25 16. The light guide of claiml, wherein the |ight extraction

structures,are 0 ted. i . djrecti.on generally transverse to the

| engt hs of % he ;ﬂ‘?g gujde &fﬁ%mdi’ re@%ﬂ’c‘]’@%&f SN @,%nﬁ,ﬁ’éiﬂ@i #nd wherpinght
ext ract i onleabtisufdeWrese feaky Bf bddh PrisathaSEHRRRALI RS RRL L €rn. 17 WO 03/ 016784
PCT/ US02/ 19615 18. The |ight guide of claim1, "wherein the |ight guide

body includes a light input side that extends between the |ight output

id d i re-di | [ .apnd ,wher ei h | igh Ay
St rudfur es o SPGB AT S5 F ofbBrosR RS Ted Mo pleM s oREedy 1

the light input side. 5 19. A light guide conprising: a wedge-shaped |ight
gui de body that _narrows in thickness froma first end to a second end, the
li ght gui d&l-bodyhe Helrtigmideptclaimgh twheeeintheedes srgmantiedefins ivellaieand whpoisi t e
fromalig i | . jr ] bde and the |ight output
side 10 ex?@ﬁ%?%(gﬁﬁgtg\}ggfﬁu‘%}%goﬂeh I‘IS%I?] ge“@%%ﬂa&gdﬁgghg'the | i ght gui de body
further including a |ight

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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i nput surface located at the first end, the light input surface extending
between the light re- directing side and the light output side; a plurality
of el ongatw® (@Broieiss i ntegral with the |ight output side of rdmUsozadtis gui de
body, the prisns extending side-by-side relative to one another al ong

| engths, the 15 prisns including upper edges defining heights of the
prisns, the upper edges extending along the lengths of the prisns, each
upper edgel 8 ncl T light guide of glaim yt, whereighe Eg]@@lit?@odh andlndesdilighe imput side

magni t udes, of sl t he itudes.of s varying. randoni rom ,edge
Segment t QhBndE Brreiees ek ol sids any' iy Heltghgctine s goe etb it tFes
integral vighbetthtibh gltictiiRs dicfedighted in 2QirSétitd thit hiifs n @hlique dhge vaao¥ef or
reflecting light toward the |ight output side, the light extraction
structure Hﬁ%éﬂwﬁﬂﬁ@ el ongated projections each having a pl ateau segnent
and irst and second facets, the el ongated projections being separated by
| ands that are recessed relative to the plateau segnents, the first and
second fackt s exlighdguide éomypridide  pl at eau segnments to the lands. 25 20. A

di splay conprising: a |light source;. a light gating devjce; .a |light guide
for directing |ight %WB%%%@W@W%@EW@YB’@WWW% ’&Hﬁlclj%atsﬁ frgmyiist ,&jt he
| i ght qgui i 1A i R I=H nc gl i t put side
t hat facegstaggg%%é%%g%@ g{ﬂgg{% F%%Hgg@fr%?g%ﬂé@ghﬁ%ﬁ% Szri)deé-%iﬁ {rﬁé)(r:ltg (?Jng si de
posi t i onedpppgitsirom aflightroetpiif gde, thedight te-direbting tside andl itlghlighy oirghet fidely al so

i ncl udi light | t . si.de that t ends b he light. 18 VWD
oar 018755 BeendthisriennS oi abd enfd eiole gt GEd bify tbfiPtint Saiga Yo,
light i npqh?@ti sHEFafEloBRe @ QSth i ek, 36 RER Mpuk Surtdde extehitl beWHCE She Baht re-

plurality of el on_gate prisms | ocated adjacent the |ight output side of the
| i ght gui dliregting side hrd theilight owruisidti ng si de- by-side relative to one anot her

I I hs, h .s05 ik ncl udi d def..ni ' h
or ane, the upper  cdymurady atdF AbsaRERT ERIe Rk B U8 BLIR 1R

I"en
each upperggdigodynileysisng catcpliing aldetty-Hde Rtigiee s omeaioshed alng Gertbitifsf gieent
magni t udes of slope; and a plurality of light extraction structures |ocated

adj at®nt toismsiigelading npper 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 plateau 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-
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directing side of the light guide body for reflecting light toward the
| i ght output side, the 10 |light extraction structures including el ongated
proj ecti ow® @aasrshavi ng a pl ateau segnent and first and sewamasobasass, the
el ongated projections being separated by |lands that are recessed relative
to the plateau segnents, the first and second facets extending fromthe
pl at eau segnents to the lands. 15 21. The display of claim 20, wherein the
light gui dérémidg side ané dpdigith apiput side) theThght disy sy being positiom&Dadjdcent foethe
conprisin treflectlve el ement positioned beneath the light re-directing
si de of th QU|de 20 23. The display of claim 20, further conprising

a reflective IOOI ari zj pﬁnilitir@fﬂ@ﬁgété ﬁﬂﬁﬁs 10@%&‘@@3@06&@%& li#‘%uﬁﬁf {ilddodigyi ce
and the |ight output side of the g-%y’l de body di splay of claim

20, furt hekghtgnisteiboidiigthe pppins ﬁpetpm@ng sld @meﬁglaﬁw ta qmgnpthsn alang tesgisen t he
l | g ht 59at | {hd pggl)ﬁl ?&lﬁﬂgg hﬁer e&gegtde? Hlnglflglg%'ts St tﬁé plllshn% ltheq.p ppe éjdggag egtgrqgmg
along the lengths of the prisms, and each upper edge including a plurality of edge
segments having different magnitudes of slope; and
a plurality of light extraction structures located adjacent the light re-
directing side of the light guide body for reflecting light toward the light output side, the
10 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 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 light gating device and the light output side of the light guide body.
25
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