WD 2004/ 061536 PCT/ US2003/ 039175 METHOD AND APPARATUS FOR FABRI CATI NG A
LI GHT MANAGEMENT SUBSTRATES BACKGROUND OF THE | NVENTI ON Thi s invention

relates t and apparatus for fabricating |ight filmns.
and in pa‘???gdt};?&aﬁl%@go such filns fabricated fromrandom f%%%g@g@g%mr andom y
mast ered surfaces. In backlight conputer displays or other systens, filns
are comonly used to direct or diffuse Iight. For exanple, in backlight

di spl ays, METHRDnAND ARRARASTER FOR FABRICA TINGI 4 AGHT MANAGENENT .
structures to direct light along _the vi gw ng axis (i.e., normal to the

di spl ay), which enhances the bri $ESt he | i ght viewed by the user of
the display and which allows the systemto use |less power to create a

desired Ilggq@kc,q{é)@m) A¥sIE MVENTéN on. Filnms for turning light can also

be used in a wde range of other optical designs, such as for.projection
di splays,. traffic signals, and illum nated signs. Backlight displays and
ot her sydSihésrmvesiior mlates toh hethod astl aphedtwandr fbrizates light mhadgentehe

prismatic.or textured surfaces thereof are.perpenpdicul ar to one another and
Pare s antie Rddn BeriGa to ﬁéﬁE’BﬁtfP alce r4FR TRBRSHIY 45 RePR4 BRGNS 1 user s
have hi ghlaterdd §8gdbar or random zed surfaces. Textured surfaces have been
wi dely used in optical applications such as backlight display filns,

diffusers, and rear reflectors. In a wi de range of optical designs it is
necessar yn backligbt ennpudent displaysrarothay sysding,dims ardconedoslynisbditoeditacybt  (or

di ffuse |ight).. nhance brigh S,. diffusion, or. absorpti.on. For

exanpl e, d?ﬁ“& lb%’gkﬁgbﬁfara?elg’ppaga&gg@t @ﬁﬁﬂws’ :gglgla,’tflﬁgfn}lgl.gﬁﬁrwghﬁfrgs B¥th direct
the il upiB@kii®Br teRGire Brud@ired 16 afre&rﬁgh@%hg e vighifChli® (1.d10kd Rkl t0 the
screen and to spread the illum nation over the viewer space. Performance

of thin-the gispleyarwhieh leghanses theebmgltiesd| of thenbight/ wigwied Uy thiet user apieng  based
on textured, TCO.al.ass/aetal, substrates, and angle sel ective specul ar
et oot ofPiay i ar oy iy Gufiofaev iR siemice Ao Sr el ot iy
nmanuf act dkisitushéfagieh.s FlGhfor aemMigt Betrndn debask! ssell 1R Widkiradde bNbiRES er ence
bet ween two. conponents such as noire
optical designs, such as for projection displays, traffic signals, and illuminated signs.
Backlight displays and other systems use layers of films stacked and arranged so that
the prismatic of textured surfaces thereof are perpendicular to one another and are
sandwiched between other optical films known as diffusers. Diffusers have highly

irregular or randomized surfaces.

Textured surfaces have been widely used in oﬁtical applications such as backlight
display films, diffusers, and rear reflectors. In a wide range of optical designs it is
‘nécessary to use microstructures to redirect and redistribute light (dr diffuse light) to
enhance brightness, diffusion, or absorption. For example, 'in a backlight display
system it is often required to both direct the illumination incident on a scfeen toward a
_direction normal to the screen and to spread the illumination over the viewer space;
Performance of thin-film solar cells can be markedly improved by light trapping
based on textured TCO/glass/metal substrates, and angle selective specular reflectors.
- Microstructures are sometimes randomized for reducing manufacturing defects such
as pits and defects from optical interference between two components such as moiré

pattern, speckle and Newton’s ring. Ideally, an optical film, instead of two or more



pattern, speckle and Newton's ring. Ideally, an optical film instead of
two or nore WO 2004/ 061536 PCT/ US2003/039178 filns together, should have
both the @Brzfo&{/m e of brightness enhancenent and | east _defects. In
backl i ght "~ &appl i cati ons brightness enhancenent filns anddIFPUSE YT | ns are
commonly conbi ned as part of a display screen to redirect and redistribute
light. In the prior art a typical solution for enhancing brightness is to
use an ofilinsabgdthérnshuvmid haye tatisthe fpadformanaeatf brighinwdstehhdricamant gudilsass. For
exanpl g, ?e, rior art describes using a prismatic filmto enhance the
on- axi s A‘ﬁﬁ{)ness of a backlight liquid crystal display. To hide

manuf act uri ng defects and decrease the optical coupling, an optical film
with stryc ~ ' ' j I ' : he i i on has
been cr aft ol t oot AR avpY Mhis) et gh thert B (L A B Ui n
def ect s andmady combined pis ipaetl of @odipplay gedeet wegsdirtotand hedistaibote limhehId i | m

SUMMVARY THE | NVENTI A t hod of -machi ning a surface ' of wor kpi ece
i's accon%?‘? E‘F\%rc?rb?gﬁﬁ"?a%\l‘?l}}@orggr gﬁhqqc:ﬁ@r?rbg;‘tnqs;,?sdo seAnRRticg) é)lﬁ“ ﬁ??én%uff ace
of the workprees ré(do&litﬁltlinlﬁ:zﬁg%*sngg of ¥k ihpg thggﬁ%{ a{'t’degé’l’ib%ls ”u%il{geé ative,

novenment between the cutting t the surfac he wor kpi €ce along a
path in tphiemstic flmaomhhirve thookpkBdeighfitees phh badkdighiliduié cnatal disphiy. a

th ti I, .f .o defj ] t, C, of ~di nat e . t d
Char act erle e BB g el S dlsear e iGH SaYEo wa TR BUPSH or o
sel ect ed 'shﬁétﬁf@strﬁﬁd&ﬁ%rﬁﬁg%% gﬁ%@ alfn 'Eg)ién%ﬂ{dcﬁrec{?%?ﬁgsn B0 sfkPhH or

frequency. Relative nbvenen en the-cutting to e surtace of
t he wor kprckicee aighiness adtvonphérs heliild hidiag dpas$chiringeddfeds andoedeing gnal ; -

provi di ng t.he bandpass filtered signal.to a function generator; generating
'a rando%?bqﬁé’aﬂﬁgfgg@%%@r?aﬁF@QP%g‘?cg‘r@%nron fromthe function generator;
and in response to the randomy nodulated function, directing the relative

novenent ShRVNVEERYIOE TEHH INVENTROY and the surface of the workpi ece al ong
the path in the surface of the workpiece. The invention works by nodul ating

the prismstructures of an optical filmfromthe - ) -
A method of machining a surface of a workpiece is accomplished by bringing a

cutting tool into contact with the surface of the workpiece and for at least one cutting
1:)ass, i, cgusing relative movement between the cutting tool and the surface of the
workpiece along a path in the surface of the workpiece. The path is in the nature of a
mathematical function defined over a segment, C, of a coordinate system and
characterized by a set of nonrandom, random or pseudorandom parameters selected

from the group consisting of amplitude, phase and period or frequency.

Relative movement between the-cutting tool and the surface of the workpiece may be
accomplished by bandpass filtering a noise signal; providing the bandpass filtered
sigﬁal to a function generator; generating ‘a randomly modulated mathematical
function from the function generator; and in response to the randomly modulated

- function, directing the relative movement between the cutting tool and the surface of -

the workpiece along the path in the surface of the workpiece.

The invention works by modulating the prism structures of an optical film from the
nominal linear path in a lateral direction (direction perpendicular to the height) by
using a nonrandom, random (or pseudo random) amplitude and period. Masters for

the tools to manufacture films having such microstructures may be made by diamond
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nomnal linear path in a lateral direction (direction perpendicular to the
hei ght) by using a nonrandom random (or pseudo randon) anplitude and

period. Mgy the tools to manufacture filns havig;& 68%/039178
m crostruct u@gém(’fr%g% be made by dianond 2 WD 2004/ 06153 PC"#USZOOB/ 039178

turning on a cylindrical drumor flat plate. The drumis typically coated
wi th hard copper or N ckel upon which the grooves are either thread or
annul ar cuninghe a dylindricelsdtuar o flgt whit¢. el  rivpigalby ceated) wibohard s ovi ng

tran to the. i i tion f
b oduce. © ehpbaee Nistehanriich T 8Pved Bf olnhtatad of thfly 4, dReuhaR 1 00

servo ( FTi@tuﬁ‘le? @@1& fhoWBBHoiPeitiny ol fembaak thadverse!id the thrmimg izatibect ri c
transducer 1s Used to nove the dianond tool to a desired displacement by
varyi ng tfoe aihiendget appmnineldr cut to peoduce fedlesieed pitcha In grdss e Biodpesditio r andom

frequency. Both the displ Litud d ih . ‘
| natant - SRATHEROR o dikiigogeRen AEES) PP Ja behar Enrpb PR RE At 1o
the anpl 'éibgggfléc@mpﬁg%'dgﬁeer it hSedIRPI9 MobfeABRd 18248 WSRsREd RPRGERNII e and

hyst er esi ects piezoel ectric materials, a feed back control
with a diby aanengtiebeolirpy depliedito the transdueersalr & randem epppaKy Kapdm

novenent . _For nodul ating the cut .in bo | ateral direct] ' hght, a
R R L R
used. Therahﬂg‘rﬁﬁnéé&&té@ﬁ%ﬁ&séﬂh? COMBRRE 204 {1ABRANE LS aiplifier ORrbdRE SYyst em
and thus reduces cost and weight. nerally it inproves optical

per f or manthe deyired voltrgei Bepauseeofitemperebire abd bysgesie alfeqts pbthe pleqeledtigng

couplings. The manufacturin t.nods,. .provi m_cras e L.th nore
control Og@pen@ﬁea%%cﬂﬁacgq ?%&OTEBWB‘ ST TP eowaﬁrbgvﬁeé%igé#{ogﬁfﬁ%n ancement
and di ff ugi Aot Widi Rivem@Rt | €t medulatdmeths chyin Bolintierhlydivetivh agd héightpai sm
structures in a lateral directjion and hei ght. Because of the random
conponent FTH withetwodransducers wisk indspendentcosfiollers andiprabes may g ¥5¢d- ng f r om

i nterference between two, sheets of optical filnms such as Mire patterns,

speckl es and.. Newton' s rj [ 8 al nos (o - Vald aldson i s
nore eff ei?‘? \}gve(n;ﬁftgﬁ rteg%cek ﬁgigé]h %\?groi .afblgm n ?%QpIPoa@RgPdrl]%q ?P?% ISS?I({)n ar?d
reduci ng gRt&adostehediezhes raballlit ithgroves optical performance by minimizing

many conceivable optical interferences and couplings. The manufacturing methods

provide microstructures with more control over the light direction.

The invention provides light enhancement and diffusion without optical artifacts by
randomly varying the prism structurés in a lateral direction and height. Because of
the random component in the lateral direction, the optical defects resulting from
interference between two_sheets of optical films such as Moiré patterns, speckles and
Newton’s rings are almost absent. Th‘e lateral variation is more effective than the
height variation in producing diffusion and reducing optical defects eépecially the .
Moire effect. The randomness of the prism patterns allows blending the joints of
| machined patches without visible seams. The length of the drum is thus not limited by
the cutting tool travel. Lateral motion of the cutting tool has feedback control to
" ensure precise positioning to overcome hysteresis, creep and temperature to
piezoelectric stack. The combination of lateral and height variations provides greater
freedom in machining surface microstructures for many applications such as diffusers,

solar cell panels, reflectors.



Moire effect. The randomess of the prismpatterns allows bl ending the
joints of machined patches w thout visible seans. The |l ength of the dram
is thus not limted by the cutting tool travel. Lateral notion of the
cutting t¥8 2048615¥edback control to ensure preci se poAGTERINRPIPYS
overconme hysteresis, creep and tenperature to piezoelectric stack. The
conbi nation of lateral and height variations provides greater freedomin

machi ni noggRWH PESORIPTASAOETHEISRAGVINGSY applications such. as diffusers,
sol ar cell panels, reflectors. 3 WO 2004/ 061536 PCT/ US2003/ 039178 BRI EF

DESCRI PTI ON OF THE DRAWNGS Figure 1 is a flow chart show ng a_nethod of
machi ni ngFigursul i dlayr chamshawingcre melitodr off maehivingor wpfase of iaswerkpigseer dr um

Figure 2 iﬁ a. fthow cl%)art .show Qegda met hod of machining a surface of a
wor kpi ece™ SR AY WOrHECHdP RFIEEE U4 ™ on a master plate; Figure 3 is a °
di agram of the master drum of Figure 1 having. a random or pseudo random

pattern tignRi 1 id 8lflcWichart 3hewner AldethodPof dlacHihing Osurfade @fideslofplade Fi gure
4 is a diagramof the master drumof Figure 1 having a random or pseudo.

r andom pawvhesein thegodimesie pn garrsteaplaje;concentric rings; Figure 5is a
di agram of the master. plate of Figure 2 having a random or pseudo random

pattern thereip.foll.ow ng I a Tt rd I aFlgure 6
is a di agﬁgﬁﬁ%o? 1{ %e&%??le?fa%ggﬁ geS?éorfa/rlL—lﬁ?gé\fr EP@%gvﬁakglggy?%}g%mgﬁ&ngudo ‘
r andom padah@dih phiterhehdteial fongwingsetenedllokpiga e iivegdedgatht ri ¢ rings, Figure

7 is a di-agramof a cross section of acutting tool in the nature of a
prismatic_ structurg; Figure 8 is a_diagram of the, prizar;gtic cutting tool

of Fi gur Figuaing degrpmueiathe et dmacet Kigup §haying ¢ gandopy opopeude
r epr esent &é}ﬁ' Qtfterhl?gertgi%%vef 8r ctoggenqgg#\ﬁh%sspect ral density of the
o) e Wo u

random zed surface piece as a funttion of spatial frequency;.

Figure 5 is a diagram of the master plate of Figure 2 having a random or pseudo

random pattern therein following a generally sawtooth or triangular path;

ngure 6 is a diagram of the master plate of Figure 2 having a random or pseudo

random pattern therein along a series of generally concentric rings;

Figure 7 is a diagrém of a cross section of a cutting tool in the nature of a prismatic

sfructure_;

Figure 8 is a diagrém of the prismatic cutting tool of Figure 5 having compound

angled facets;

Figure 9 is a graphical representation of the magnitude of the power spectral density'

of the randomized surface of the workpiece as a function of spatial frequency;

Figure 10 is a top view of the randomized surface of the workpiece generated by the

method of the invention;

Figure 11 is a graphical representation of a plurality of paths due to a plurality of

cutting passes over the surface of the workpiece;




Figure 10 is a top view of the random zed surface of the workpiece
generated by the nethod of the invention; Figure 11 is a graphical
representation of a plurality of paths due to a plurality of cutting
passes ovWPO 00H06d336f ace of the workpi ece; 4 WD 2004/ 061F8/US2003/039178

PCT/ US2003/ 039178 Figure 12 is a schematic representation of a system and
apparatus for. machining the -surface of a workpi ece in comunication over

a conmunifgadé 90Ss @lscR@haideh¥Rsation\bt § syLemtaRd lappahing isy mitoMAg tHe3 1S a
graphi cal Tepresentation of mathematical functions, Figure 14 is a three
di mensi omuifacei efia oforkipisae lh icgmmusicatibmyovee @i commumicitigns or 18taj ketwokchenmat i ¢
di agram of..a na?éa][%rg?trmchi ning systemwth a fast tool servo for cutting

grooves WAHISEO Sy

variations in the surface of a workpi ece; and Figure
16 is a depiction of a cutting 'gradient introduced into the surface of the

machi ned ﬁ%ﬂ%& 2T @éra?ﬁi%amf)ﬂ’éﬁérﬁﬁ%n JPalMhdRtideERERidhE ON OF THE | NVENTI ON
g to ,

Referrin Fi gure a net hod of machining a surface of a work piece is
shown generally at -100. A noise signal 102 i-s band pass filtered 104 and
provi ded Fa@ie¢ At a theee dinfensiondl oievgehebagkbightidieplayderieryl at ed mat herat i cal
function, such as a sinusoidal wave formis provided by the function

. . _ ; B e ! 102,
Phe bandgiBter Sl &P Gl o TR b Bhud B AL AR B4R 1cd by
a conput €5r GyeigeFfoo eGtianiedateta Rarididna pPtheptiadeo S Witkbicps; @aéssi ng

software and digital-to-anal og conversion board so as to generat e,the. i nput
signal to, the servo nmechani sm-108. .The servo nechani sm 108, directs

rel ativeFigendnts aslopigsien of & gpitinggeradisnt introduged inta dhe giraeeobiiea drum
112 rotating; city of coin a cylindrical coordinate
e b

system (r \ rum rotates at angular velocity (o, the
cutting tool 110 noves relative to the drum 112 along the drumaxis, z,
and r and @BTABRDESGRIPAIONIQF THEANVWENTIOMquency of up to.about

Referring to Figure 1, a method of machining a surface of a work piece is shown
generally at 100. A noise signal 102 is band pass ﬁltéred 104 and provided as input to
"a function generator 106. A modulated mathematical function, such as a sinusoidal
wave form is provided by the function generator 106 as input to a servo mechanism
108. The noise signai’ 102, the bandpass filter 104 and the function generator 106 can -
be replaced by a computer system equipped with the appropriate signal processing
software and digital-to-analog conversion board so as to generate the input signal to
the servo meéhanism 108. The servo mechanism 108 directs relative movement
between a cutting tool 110 and the surface of a drum 112 rotatiﬁg at an angular
velocity of ® in a cylindrical coordinate system (#,0,z). As the drum 112 rotates at
angular veldcity (b, the cufting tool 110 moves relative to the drum 112 alohg the
_drum axis, .z, and randomly moves back and forth with a frequency of up to about
2,000 Hz parallel to the axis of the drum 112 The cutting tool 110, being in
continuous contact with the surface of the rotating drum 110, thus cuts or machines a
ré‘ndomized spiral-like or threaded pattern 116 (Fig. 3) having a pitch, P, into the
surface of the drum 112. For a two axis cutting tool 110, the cutting tool moves not
only back and forth parallel to the drum axis 112, but also perpendicular to the drum
surface to cut different depths in the surface of the drum 112.
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2,000 Hz parallel to the axis of the drum 112 The cutting tool 110, being
in continuous contact with the surface of the rotating drum 110, thus cuts
or machines a random zed spiral-like or threaded pattern 116 (Fig. 3)

havi ng a PAZOP0G@S36G nto the surface of the drum 112. FACTAUR0#5/03%178
cutting tool 110, the cutting tool noves not only back and forth parall el
to the drumaxis 112, but al so perpendicular to the drum surface to cut

di f f er entABGRAt] 89 Must 480 SHFi@EE 20fthd b@mﬁgtwbllm may 9 iR QL4 #BGhe
PCT/ US2003/ 039178 Al ter natlvely, as seen in Figure 2, the cutting tool 110

may be i rbucfoer efa flai plate H¢ meving ate velociy off atin plrattmn&aM:onni\mhgssasterm

| d S|y |
Ve pl at 2k mOvBUREE < eh§ofy T2 HhUR, floR T habd ot Stins 03t flon ¢ °
moves . bagkndmlyf bty BGEOSAA tHRD RIcALS, thbhﬁa& e BehtihObollifh, RGN

continuous confact with the surface of.the p late 1147 thus duts or nachi.nes
a randorfiopdguqusi eerdadt awithathe erunface 1( ﬁegpla‘&) 1141t thus hets or froadhines 4 he pl ate

114. In, an Iter t|v of ..t.he nve |o in Figure 4,
the drum® %‘W@% %%“b@:@lg rd 19to4 ?§u E@Wf@%ﬁﬁ@Z rotates. As
such, the cutting tool machi nes a random zed or pseudo random zed pattern

al ong a denhekeRative 6RB6MMeht 6f the R8%nddS dsReerd 1&161?@%1‘4&&1% d?&mtmg dedim 112
whereby the cutting tool returns to a st’arting pornt 122 for each -cutting

pass. Ta IetHoaealapgdbe & axisiap gneqinam ki rotatesorfty sﬂch,stgas tcu;tmg ml aldchines he

cutting t rn f an cuttln t the -
“hunber crandddied Br BiESSkenaii RS et ke Bl Ras” Brsantielfeadebin and
in-feed rthé surfadhen thehBrumClutwigetyoak c&&ﬁ]gftbéllrétbﬁﬁ t B@ta&tﬁmﬁﬁmquzrfeyol utions
and returns to the starting point_ 122 of the ith cuttlng pass the cutting

t ool 110 epeh gpiting agsor Torashisee saodicuitmacmialily, accontrel systsm caropll dwhhe cut ti ng

pass. der d, t.h C L. ool “hav e than

one aX| s s r{griéo\?’gll% E’o%pg%a i Q&ﬁwcognﬁﬁave%%%epaﬁiggrw £ 8 f 9, z

in cyli ndevatafiorsaiepehdiag e@oﬁllﬂﬁb desirgd final Zuf GeptieGhd hﬂ-f&drra&oowleﬂ@hés Such
additional axes will allow for the cutting of toroidal |ens type

struct ur &¥ Wgetﬁohﬂ(h&nbﬁhﬁsa@lel}%‘ﬂ?eé @f eeyrjutiens| and metusts tg) thewiarténg Boig adi ent

in 122 of the i* cutting pass, the cutting tool 110 is shifted or stepped a distance S; to the

fiext, or ¥, cutting pass.

It will be understood that the cutting tool 110 méy have more than one axis of travel.
For example it can have three axes of travel 7, §, z in cylindrical coordinates and x, y, -
z in rectilinear coordinates. Such additional axes will allow for the cutting of toroidal
lens type structures when using a radiused cutting tool 110 or allow for a gradient in
the cut along the cut length, for example. Translational axes 7, 6, z and x, y, z will also
allow lfor introducing a cutting gradient into the pattern machined into the surface of '
the workpiece 112, 114 for subsequent cutting passes. Such a cutting gradient is best
seen with reference to Figure 16. In Figure 16, the i cuiting pass has a thickness or
. width of w; and the & cutting pass has a thickness of Wi where w; is greater or less
thah_ wg. Furthermore, the n cutting pass has a width of w, where w;, is greater or less
than wy. It will be understood that the change in the thickness in the cutting pattern in
subsequent cutting passes may be nonrandom, random or pseudo random. Additional
rotational degrees of freedom (e.g.; pitch 152, Slaw 150 and roll 154, Figs. 1, 2, 5 and

6) may be used to change the angular orientation of the cutting tool 110 with ’respect



the cut along the cut length, for exanple. Translational axes r, 9, z and
X, ¥, zwll also allow for introducing a cutting gradient into the
pattern i ipto the surface of the workpiece 112, sequent
cutting p@@?ggﬁ&éﬁ%h a cutting gradient is best seen V\nl)tcr]%.}q é@{ogﬁé)% to
Figure- 16. In Figure 16, the ith cutting pass has a thickness or wdth of
w, and the kth cutting pass has a thickness of wk where w, is greater or

| ess  t has thenkurfdearof the markpieta&12)t 1 4¢ thus iohenging thehgeomnzetmyi off the gacoly’ wher e
w, is greater or less than . It will be understood that. the change in
the t hi ckmshmer intp e Wastes HETaSSt tern in  subsequent cutting passes may’ be
nonr andom random or pseudo random Additional rotational degrees of.
freedom (18,.9,nddii | hadhxbd ift strfack of ThéWek6) may be
used to c g%%%dom%g;%ﬁ%ggygﬁdéﬁ?%ﬁ%ﬁé%&?he CJIEEOP%S tool 110 -wi-th respect
6 WO 2004A@619361 RAF/ihER0AaNR3 ErBathemati¢nd fenetiba defingd oves avegipliteCe 112,

114, th h ing th f, the- t hj ned_into.the t
sur ace ofri cPARAIUHA 2908 Ak GHNBCPHAToRY Fodal FERIhAE ORI TROB T he.
surf ace. pgfaf#é{'n%awééﬁed Roffthe Jg%(t%.lp c']éﬁiéisﬂg?g bManbdIRud2 bHER 28 fRqi@icherat i cal

function“defi over a segnent, - C ~a coordinate. system and

char act ers etingyiremsde thé segametonCorvep sdickotha midimmatisabfvectiomsissiefised ed from
t he group consi sti_ng -of ljitu ase and freq . _For r ting
aram 112% e Sregmmereacecol S dridieh 2n Teha marneRir Lob e metionh T 9%Er | nea

i s the cipaurierentenoficd FndiodR ddthedf9h widiHDoH 188ptR oAt Ak, 11uheusegment
C, over %F@Eﬁtrﬁe nat%]%nati czgl function is defi ﬁ%ﬂt is a I\311\,1 dth or "l ength of
t he pl at exéhglarmatheretipbladogctivatib rebof thalsinewiveiobEqrafianilat of the sine wave
of Equation 1: Yi=A sin{lY, |+S, (1) wherein yi i.s the instantaneous

di spl acenent of the cutting too%,{?‘ e%ative to Con the ith cutti pass, Ai
is the displacenment of tHe €ttt '2;“5 ool relative to C, "I', is't phase of
yi and Si is a shift in the starting position of y,. [0031] In Egq. (1), the

phase, - I:;V]’lerciai% y; {sl the ins;lta%’tanegég(dilsplaéegené 6t the cutting tool relative to C on the i

cutting pass, 4; is the displacement of the cutting tool relative to C, ¥, is the phase of

y; and S; is a shift in the starting position of y;.

[0031] In Eq. (1), the phase, ¥, is
¥, = ¢(;{'i —q_;k_j“ @, ' - @

where ¢ is a number between zero and 2z radians inclusive. In order for the cutting

tool 110 to return to the starting position 122 at the end of the i* cutting pass, the

segment, C, over which the mathematical function is defined is equal to an integer- _

_number of half wavelengths, 4, . Thus, for the i cutting pass:

Ny=c ©)
2 |

or

A= - ' €))




where 0 is a- nunber between zero and 2ir radians inclusive. In order for
the cutting tool 110 to return to the starting position 122 at the end of
the ith cg&é &g glég the segnent, C, over which the nmathematical function
is defined"?&%eRP°t o an integer- number of half wavel eRGl/HE20030391% s

for the ith cutting pass: NA, C(3) 2or . A 2x CN(4) 7 W

2004/ 061536 PCT/ US2003/ 039178 where Nis a randomy or pseudo randomy

chosen poghdré Weisod raidgaily \oe phétideaatidorhly chosen pitivendkndgativnintegdi.t fve fact or
modi fying /,1 on a km subsequent cutting pass and (D, is a randomy or

preul "SR e gL IIERRESERyAE T ISR AR Yo

SZ, (5) t wher'e .al and bl are scal ar quantltl es and S2, is a nonrandomy,
random y @ ipseadivmlyardsstdo cihdsmly choste nuinbembewearezaro and 2ztradian$ ans
inclusive. It will be understood that the mathematical function referred

t o above inelysibe any mathematical function that can be programmed into a
conput er nurmer i caI I y controll ed (CNC) machine. Such functions include for
exanpl e the wel | r fu ctl on, sawtooth function and square
wave funct§t JH“IEEFEF% V\@)) téﬁ@ a f i WHPE R may be random y nodul ated in
anplitude, phase and frequency. Referring to Figures 7 and 8, the cutting
tool 110 .conprises a prlsnatlc structure, having.a cross section which nay
include straight f 3041132 4 nt erse{c&ﬁ’,g_r%gj}a tip 134 at aﬁspeak angl e
of 20. The prismati Hﬁ al so conprise TTnear.

ed outjti tid
segnents 138, 140 of the facets 132 134 resultl g in a conpound angl ed

prism:
where g; and b; are scalar quantities and Q, is a nonrandomly, randomly or pseudo

randomly chosen numbet between zero and 2z radians inclusive.

It will be understood that the mathematical function referred to above may be any
mathematical function that can be programmed into a computer numerically
controlled (CNC) machine. Such functions include for example the well known
triangular fdnction, sawtooth function and square wave function (Fig. 13) each of

which may be randomly modulated in amplitude, phase and frequency.

Referring to Figures 7 and 8, the cutting tool 110 comprises a prismatic structure
having a cross section which may include straight facets 130, 132 intersecting at a tip
134 at a peak angle of 26. The prismatic shabed cutting tool 110 may also comprise
linear-segments 138, 140 of the facets 132, 134 resulting in a compound angled prism..
The compound angle prism has a ﬁrst facet 138 at an angle of o and a second facet
140 at an angle of B with respect to'a base 142 of the prism 110. As best understood
from Flgures 7 and 8, the cutting tool 110 may have a cross section with a rounded
" peak 134 or radius “».” In general the cutting tool can have a cross.section of any

manufacturable shape.

The equipment needed to machine the surfa_ce of the workpiece 112, 114 in the

invention is shown in Figure 12. Machining the surface of the workpiece 112, 114 is

accomplishea by following a method that utilizes a computer numerically controlled

(CNC) milling or cutting machine 202, having a cutting tool 110, which is controlled
8




The conpound angle prismhas a. first facet 138 at an angle of a and a
second facet 140 at an angle of wth respect to a base 142 of the prism

110. As best understood from Figures 7 and 8, the cutting tool 110 may
have a cr OSX2WEMISH, with a rounded peak 134 or radius PET/USH0P3/G8HEr al t he
cutting tool can have a cross. section of any manufacturable shape. The

equi pment needed to nmachine the surface of the workpiece 112, 114 in the

i nvent i onby g sshaft prdghing go@in%%l-ule&/MB chinpaet %@1 spid @FeyRE pik kpi ece

112, 114 is acconplished by followng a nethod that utilizés a conputer

nuner i cal MWitieorior ednizedl the an@yenmnt |dfnige crutiing toohdl 19ac Ahaecopddier R4 isg a .

tti toql 110, ' ' | | . 8 2004/ 061536 , PCT/ US2003/ 039178
g; aI 2 gf t &g?rgo%}e(g&ﬁghﬁg%@(zgﬁygq(ﬁe@gaﬂn%zgf%&@ a%ﬁ?“%ga%élﬁgts P8 program
208 is  W206.tBRe BmpaRE W4 {dfude® e SBHoe Ghedit@ I@}é b GiotiR® thd hOfwdiae

conputer 204 is. interconnected to the CNC mlling machine 202 with an
appr opr i apegeab| 248y a psoeessor2fis. expioeting i tpergr@n4208)ch dagboaad 216 &ge nedi um

212 for stori the software. program 208 processor for execyti.ng the
program 2 ’%,Vld;gg(e? dmﬁ‘ib%?o&‘e : B?ﬁsﬂﬁ’n%jld_ﬁﬁn _e’?‘"‘nﬁﬁtne(t?%m%hgargr essor,
and a nmodesmhnReiNeivith GaefiotXomRRETR BveAthk Tgtelel 1 Por LITBAIGictRIRUL €7 216

via the Internet 214 or a |ocal network. In Figure 15, a master nachi ning
systemwith a fast tool servo for.cutting grooves having |ateral ‘
vari at i on¥ FigurhéS.suinfagtes negchiniog sxgiire oath 8 fathdonl sparvefoaldugtingt gra0G®s An

cional - DAL RRRRE e Sy EROuGSR 1oy o AR 1
di gi tal - t ipaviedtpet (2A) %m;:eme r4020 BrovVeiels CEuttil -comy:Rldk @€ a adTpkAlf 5iBhal408

receptive of a signal fromthe DA converter 406 drives a fast tool servo
mechani snPReessing PR pnithd0hoarhieh spplissea siavel itap wdigital-taranalgg (DWi ng t ool

position . tyh it fabhe cutti .t 0 11
provi des g‘;“g)ugghoa 8?‘?1%‘?%(2@ éescg?a%guﬁpﬁfr%ige?ft 8glrecﬁ:8_ Tt Pg%_sf%lagh‘ggh@lgﬁﬂgnpl ifier
418 whi chcaivetterf 466 diikes ai fgstagool Iieo aghbiis@M 1D BNairedtSheinidtibhest he an
anal og-to-di.gital A/ D) converter 420. A |athe encoder 414 determnes the
posi tion SHttiagEohdlRpiAee@ting tool position probe 412 senses the position of the cutting -
' tool 110 and provides a signal indicative of cutting tool position to a sensor amplifier
418 which amplifies the signal. The amplified signal is directed to an analog-to-digital
(A/D) converter 420. A lathe encoder 414 determines the position of the workpiece
(e-g., drum 112) and provides a feedback signal to the A/D converter 420. The A/D
converter thus provides as output to the digital signal processing unit 404, a feedback
signal indicative of the position of the cutting tool 110 and the position of the
Workpiece 112, 114 and the DSP unit 404 provides a processed signal to the

input/output processor 402.

Following the method results in a randomly or pseudo randomly machine_d surface of’
the wqupigce 112, 114. When the computer 204, having the software program 208

‘ installed,-is in communication with the CNC milling maéhine 202 an operator is ready
to begin the method that will random'ly or pseudo randomly machine the surface of

- the workpiece 112, 114. Following the method, the operator begins by providing as

input the values of 4; and ¥, into the personal computer 204, The operator input can
be provided manually by typing the values for 4; and ¥, using the keyboard 210. The

mathematical function or functions (Fig. 13) may be stored within the computer’s

9




(e.g., drum 112) and provides a feedback signal to the AID converter 420.
The A/D converter thus provides as out put tﬁ t he q![_gl tal signal p{r O(r:lgstsijglg
uni t 404, signal indicative of the position

110 and t@%@?ﬁ (g)(’kn of ?he wor kpi ece 1.12, 114 and thepé%@%g?z#% 75.

provi des a pr ocessed signal to the |nput/out put processor 402. Foll ow ng
the method results in a randomy or pseudo randomy machi ned surface of.

t he wor kpieoeri d@mayg bé storébon b kameerpipeter 208landadébided 1a8hs piidra&rg 4pr ogr am
208 installed, S in comunication wth the CNC m|ling. machi ne 202 an

operat or P5V ?é&ﬂ‘iﬁlln‘?‘i‘i"%]égl n the method that will randomy or pseudo
random y nmachine the surface of the wor kpi ece 112, 114. Follow ng the

h | of . Al d 'P,
"t he hhe SRaERE B pRAHEP iR LG L B 4 RBELY, i éﬁéa‘%ﬁce@a -
manual |y by» t pRbOthekdGalRl YRS Jogfdeé‘l Q:(att elem&ﬁ 9 tfht d 210. The
unc]?l ons {Fi Vgt Pe R e he

mat hematl cal function or

conput er.' 202 segm 200UV 106 WaRpPET 1 maoasma%ﬂl&anayﬁib%earby@a séByakored on

ed -via the Internet 214 “or via a | ocal
et vork. PRERgH LS FR pResPORE wﬁmmm wemﬂhthgezzorbplemlbaqdm “nt o

the CNC npgl 2 VI de ut I enment
110 of the czl\ld%?grl%c%?ﬁe@ag}gﬁ%&@m% forife of oV Rﬁo‘?f the ‘%‘Egt‘ Theh
comuands- mramﬂpgﬁnbnbge ctobedmm:ésyﬂerﬂ Amdagmany 208p\igtdm POEEiceRELY c@hﬂ%&l@?t the
cutting t 114 accordingly. This is

I 0 t th rkpi ece 112,
achi eved *&C‘}) ‘#W O ﬂi‘@ 8 \fwﬁﬁvlgfﬁﬁ‘?ﬁﬁ QcUshe Thit tis redsot é@h;‘[gﬂob}’ﬁhe aln
r pf egci se y
vl L%?‘ﬁ’éwﬁigﬁfﬁﬁ‘f BT HLRIDr BOCHROIA 10 i B8 BOARANERR PAEEET

achi eved lbgdetstwd Mnommdmnmbdtmﬁdmnmdﬁmpseﬁdd mldﬁﬂﬁiddnﬂlrfa@@bf Jtﬂx@ l n the
coordi nate erstood, the nonrandom zed, random zed or

pseudo ra‘mf eﬁ%(T lgﬁﬁ}ég(’rgs%gng m g IQB‘iﬁé‘SeprQ‘leES Tll@l}’4bﬁel§uﬂh?|fﬁ@nquoﬁln t he

cutting pfp@glqsngrggaﬁ%»trﬂgterf ormof a "positive" or a "negative"
mast-er. ,

From the master, an optical substrate 142 (Fig. 10) may be generated by forming a
negative or positive electroform over the surface of the workplece 112, 114.
AIternatlvely, a moldmg material can be used to form a replica of the original positive
or negative master - for example, a ultravmlet (UV) or thermal curing epoxy material
or silicon material. Any of these replicas may be used as a mold for a plastic part.

Embossing, inj'ection‘ molding, or other methods may be used to form the parts.

In surface metrology the autocorrelation function, R(x,y), is a measure of the
randomness of a surface. Over a certain correlation length, Z,, however, the value of
an autocorrelation function, R(x, y) drops to a fraction of its initial value. An
autocorrelation value of 1.0, for instance, would be considered a highly or perfectly
~ correlated surface. The correlation length,. [, is the length at which the value of the
autocorrelation function is a certain fraction of its initial value. Typically, the
correlation leﬁgth is based upon a value of 1/e, or about 37 percent of the initial value
of the autocorrelation function. A larger correlation length means that the surface is

less random than a surface with a smaller correlation length.
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Fromthe master, an optical substrate 142 (Fig. 10) nmay be generated by
formng a negative or positive electroformover the surface of the

wor kpi ece Alternatively, a nolding material c % o form
a repli ca‘%ﬁ%{oﬁé&%ﬁ gi nal positive or negative naster -FM%))‘{!% F&, a
ultraviolet (UV) or thermal curing epoxy material or silicon material. Any
of these replicas. may be used as a nold for a plastic part. Enbossing,.

i nj ecti onInredroié mopbodimentshef theethventionrine twiieusictie tiotokomrehatidre fymations forl n .
surface trology. the autocorrelatian fupctio R( X, is a measyre of
the r andBtibue et Surt vdace P SROH BaTTHG L% Blont K lesh Bdih eard, ©
however,  t1¢/o\H itGinfifal vaRiR iAY QRRIAHRhABAAR JFUBGH! OB dR(RKssY )in sHIIQMert 0. @
fraction.of its 1nitial value. An autocorrelation value of 1.0, for

i nst ance, embodithebts, thensiwtesfatie autocaindlgtiar fupetidredrbpyto Yeof b atitd velnef ace.
The correlatjon length, lc, is the |length at | ch the val ue_ of e

aut ocor r el #RJH qlﬁr‘fg{ PhIESSs f’d)rééﬂ ra?mqu§@8%$ (9:£Ih tg? splstrafen i‘filllu‘?\/%flt {}}‘@ :

Typi cal 1y gy e]é’cﬂfnrﬁin@ﬁ? \%Jlnggﬁé 2?‘@?]2%2 t- t4PEL ?xaﬂ%h’eﬁp&ftou/&ofq{s about

37 percent of the initia ocorrelatio unction. A larger
corr el at i ontidleattehnmbans2@haticroheosless. aBer $tHl othessembadithentst tharvalmesufr f ace

wth a smaller coryelation |ength, 10 004/ 061536 PCT/ US2003/ 039178 In
some embotieuceTBlelipR dctign,Aghgihe PR Ties i 1eariban o SRR ol Zal o
function {rgﬁalvtaﬁ%iﬁgg&ﬁ—ﬁirﬁ%{bﬂsg?pésssurface of "the optical substrate 142
drops to l'ess than or equal to [ie of its initial value in a corr.elation

| ength of about 1 cmor less. In still other enbodinents, the value of the
aut ocor r elmFigure fléracpéropective psew of lai Backliglitt display 80@Idevirk us shown.adbet 0.5 cm

or |ess. For..ofher .enbodi s of .the substrate e.val ue of .t .

aut ocorr eF%ék_}lg}_l&? ‘_ﬁiﬁl@f"?%vﬁ"%?@@f?we? EhgeY ai S‘H’F‘Eﬁés&t for gﬁﬁatf%&}%?‘gg’o%q ual to
lie of ity lighiguid 30 kbided thealiid308QRcrBAIGAOBY t&tal [RSHal feBbctihl @mp_t her
enbodi ments, the value of the autocorrelation function al-ong the width w

drops to ThelghttewidesiOdepmaing distuiptive featurss thancausathedight 806 to edsapa the 1

m crons of. jl.ess.. 10 ,Fi qgur 4 a.perspective view of.a back]ight display 300
devi ce | sflglﬁogﬂqe 'I'?E)é %@EI%&WPU%T‘ g%‘%%;s dBe éréc‘?%@ f%r%?‘?lgt"s%aﬂurgaﬁf i cal
source 30@ahfhctofsdefiéthi A @astbgiMvindO® cutting gradient machined therein as explained

“with regard to Figure 16. A reflective substrate 308 positioned along the lower

surface of the light guide 304 reflects any light 306 escaping from thellower surface
of the light guide 304 back through the light guide 304 and toward an optical substrate
314 fabricated from a positive ‘or negative master having a nonrandomized,
randomized or pseudo randomized surface. At least one optical substrate 314 is
receptive of the light 306 from the light guide 304. The. optical substrate 314
comprises on one éide thereof a planar surface 310 and on a second opposing side
thereof a randomized surfgce 312 éenerated from the randomized >surface of tﬁe
workpiece 1l1 2, 114 (e.g., the master drum or master plate). The optical substrate 314

- may also comprise a randomized surface of both sides thereof. The optical substrate
314 is receptiye of the light 306 anci acté to turn and diffuse the light 306 in a
B djrection that is substantially normal to the optical substrate 314 along a direction z as
shown. The light 306 is then directed to an LCD for display. A diffuser 316 may be
located above the optical substrate 314 to provide diffusion’ of the light 306. This
substrate 314 may be a retarder film that is used to rotate the plane of polarization of

the light exiting the optical substrate 314 such that the light is better matched to the
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A light guide 304 guides the light 306 thereal ong by total internal
reflection (TIR). The light guide '304 contains disruptive features that
cause theyld to escape the |ight guide 304. Suc i j
features %@%&/gﬁgg% for exanple, a surface manuf actur%(gbﬁ%%m@\é%ster
having a cutting gradi ent machined therein as explained wth regard to
Figure 16. A reflective substrate 308 positioned along the | ower surface
of the |ijiput pelidentidd4xisafflaadiCGD aAyhalf whte B06deesivapkangplé,rmay bhesdddoer
surface: of the |i

ht' gujde 304 back .t hrough the |jght _ quid 04 and
toward antge thesub @nglgyaf[ugeaﬂgp@l%éil% éﬁl%flgél}ﬁ %P“ﬁ%sﬁupgweglg'r 4jw'henegat ive
mast er hayl } 4 L e&, Qlﬂﬁﬁ% face. At
| east ongyé(g%tg?%g su@glggg%gggitﬁh#g%q?ggept |r\c}1éltegﬁﬁ %{ﬂgc’l?l?g t %ag[gfa Ir%g t he
| i ght gui oee @04 theFdod.in tipt pland of tHesdubatrate3 Wl termatinglyj s éiguidrorasolid Sirghtalt her eof
a planar surface 310. and on a second qpposing _side thereof a random zed
surface 33@%%@@@&6 ' AHIEREIVE i dBR S AU ﬁ’@ée@?fdef%&“ Mm@ & 112,
114 (e"g'buiitriﬁtorfﬁéfog%rﬂbﬂ@&rstr ster plate): The optical substrate 314 may
al so conprise a random-zed surface of both sides thereof. The optical

substrate 314 is receptive of the light 306 and acts to turn and diffuse
t he | i ght AB9Geferentas todirste s¢doad, dtbadr frentsant Haelqtright hnyd Jefiy topl artddbdttoen, opt i cal

substrate 314 al gng a direction,z gs shown. The, |i ght Sgg is1 t hen directed
to an LCOMRRSF 28l JpVVEy .2nd herkppielpngd v Yeany) st ByastBVE TEIALS OBfi cal
subst r at ;31 jde-di iQn, i LS 3 te 314
may be ae‘r’aggagﬁ%rﬂa?}iﬁﬁg? ¢ g&utggél O’?%rtﬁg%gy g@%ﬁ@%?@ﬁ%ﬁg ’ Hﬁo gé:‘% f;Ogti on of
t he |i ghtcawenieng dflvesajptionahot so bistit tieer&tdt invention laits tbmponagls toiagybet t er-
mat ched to the..11 WO 2%@061536 PCTAHS .003/.0391%8 i nput gtgl ari zation
axis .of avPq epsitiona) gt s OfigntafieRy | Alofmsasiont OF the, FORROREREy othey ot at e

the substapichad IPedrb@as | VarPay AR | 2 Sbtdriai ot LR 0L NRrBBbE Gab stigtTat e
314. The .retarder may be formed by stretching a textured or untextured
pol ymer serbbedinent withowg depmangfiom the ecapsfofithe inventiphane of the substrate.
Alternatively, a liquid or solid-crystal device nay be used.

Al t er nat i Ly, .for this purpose the.retarder .film316 could be,. built into
the | ower M %’ﬁbléltv?rgfoé’. 4 DS deittibed With Teferenct {0 several embotiments ,

thereof, it will be understood by those skilled in the a’ﬁ that various changes may be
made and équivalents'may be substituted for elements thereof without departing from
the Scope of the invention. In addition, many modifications may be made to adapt a
péﬂicula,r situation or material to the feaqhings of the invention without departing
from the esseritial scope thereof. Therefore, it is intended that the invention not be
limited to the particular embodiments disclosed as the best mode contemplated for
carrying out this ihvention, but that the invention will include all embodiments falling

within the scope of the appended claims.
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Any references to first, second, etc. or front and back, right and left,
top and bottom upper and |lower, and horizontal and vertical, or any other
phrase that relates one variable or quantity with respect to another are,
unl ess noted otherwi se, intended for convenience of description, not to
limt the present invention or its conponents to any one positional or
spatial ofL&AMation. Al dinmensions of the conponents in the attached
Figures can vary with a potential design and the- intended use of an

enbodi nent w t g, fro e SC f.t i AV ' . Wi le the
inventionﬁhas %ﬁﬁﬁh§§§§§%§§%ﬂﬁ%$$¢%§%@%ﬁ@%mﬁgﬁggggFaCﬁg% %@Fﬁggts

thereof, it will be understood by those skilled in the art that various
changes nmay bebringide a@ntlingqoolvimtecdnsachwythehs surice bfithedvdrkpiead; enent s t her eof
wi t hout departing from the scope of the invention. In addition, many

nodi fi cations e made t o, adapt a articular situation or material to
t he teachings %y"f‘ ﬁgasf Q08 FHE8 Rﬁgf’ Ho ﬁ‘[“PS AUVR gnoemsyt h’ﬁté’veé’% B EFHPE scope

thereof . f{Joer8f MeCsurfabe bBtheRiRRSEEL A6 a %ﬁﬁ ihINEREFa08 oMk WREkpibdeli ted to
the particul ar enbodi nents di scl osed as the best node contenpl ated for
carrying out this invention, but that the invention will include al

enbodi nent s f avhete theinath nisdsterminsg dyoproee¢ssingppmathethaticali fngctiondefingd VS:

o7 i ngi g St (R kowt of A ROIRRE P R B Teed S S hbPIRbAR o

for at |eagbo@n® ssetddragod@ paranieters selsdtod fiodl tHel BupRUENRIMg dfeiysitidd he
cutting tool and the surface of the workpiece along a path in the surface

of the woPhgse aedirequgmeyei n the path is deternined by processing a

mat hemati cal function defined over a segnent, C, of a coordinate system and
characterized S 8lusle RARLA ylelefs] aﬁﬁﬁg BEBLEr S

sel ected from ?ﬁ%@bﬁ?o&s %on%i sting o n{arrpliﬁjg{ee, p g{éﬁ%%ae?%%uency;
wher ei n cthesvargpieed intludes:movenent bet ween the cutting tool and the surface
of the workpi ece includes:

bandpass filtering a noise signal;
providing the bandpass filtered noise signal to a function generator;

generating a randomly modulated mathematical function from the function

generator; and

in response to the randomly modulated function, directing the relative movement
between the cutting tool and the surface of the workpiece along the path in the surface of

the workpiece.

2. The method as set forth in Claim 1, wherein the mathematical function is selected
from the group of mathematical functions consisting of triangular function, sawtooth

function and square wave function.

3. The method as set forth in Claim 1, wherein the mathematical function is defined

by the equation

Yi= Ai sin{lI—'i }+ Si
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bandpass filtering a noise signal; providing the bandpass filtered noise
signal to a function generator; generating a randonmy nodul ated

mat hemati cal function fromthe function generator; and in response to the
random y nodul ated function, directing the relative novenent between the

cutting tool and the surface of the workpiece along the path in the surface
of the wobRisiedels an imggerrindieativgsols ghe mymber joff th squting pather o ris tthe

mat hemat i i i r t tical functions
consi sti ngp Pl @huenRh SEE Surdi b 7oPkRe R B AETE Hhi Bl patfe
function. 43is thé earBhdiid displace@ent OF the cufting! 185171 10) rehgiveitd () e ivahd stieé i cal
function is defined by the equationy, = A sin, }+ S 13 wherein i is an
i nt eger i afly;aad Svie achift inaghastadidg pobitiohefeutting path, y, is the

i nst ant aneous di spl acenent of the cutting tool (110) relative to C on the

ith cutti ass, Al is't ximym di spl acenent of the cutting tool (110)
rel ative g IOC %ﬁ;me@o@ﬁésg:}ggg?ngﬂf%l%r@ is ashift inthe starting
position of y,. 4. The nethod as set forth in Claim3, wherein Ti =~ A
- g2k D1 where 0 is a nunbe etween zero and 2a inclusive, A, = 2 N where
N is a nonrandomi y}I!irsa@{Jchm "‘jr—tp$eudo random y chosen positive or
negative integer, g2k is an Z&addi tive factor nodi fying Al on a m subsequent
cutting pass and 4D, is a nonrandomy, randomly or pseudo randomy chosen
nunber between zero and 2i inclusive. 5. The nethod a t forth in daim

3, furthewheRMgr ii$iangumb& bétwebh £odd tand92p 3fSlusive USRS t WRerbNQ istd
cutting pass, shifting the starting point of the mathemdtical function a

distance Sr fromthe starting point of the mathematical function on the ith

cutting pagsandomly, randomly or pseudo randomly chosen positive or negative integer, q’T”‘ is

an additive factor modifying A, on a A" subsequent cutting pass and ®, is a

nonrandomly, randomly or pseudo randomly chosen number between zero and 2x

inclusive.

5. The method as set forth in Claim 3, further comprising, for a ¥” cutting pass,
subsequent to the i cutting pass, shifting the starting point of the mathematical function

a distance S; from the starting point of the mathematical function on the i cutting pass.

6. The method as set forth in Claim 5, wherein for a ¥” cutting pass, subsequent to
the i cutting pass, a width w; of the #” cutting pass is different than for the i cutting

pass.

7. ‘The method as set forth in Claim 6, wherein for a k”f cutting pass, subsequent to
the /™ cutting pass, the difference in the width wy of the & cutting pass with respect to

the i" cutting pass is a gradient over all cutting passes.

8. The method as set forth in Claim 6, wherein for a #” cutting pass, subsequent to
the i cutting pass, the difference in the width wy of the & cutting pass with respect to

the i cutting pass is random or pseudo random.

9. The method as set forth in Claim 3, further comprising nonrandomly, randomly

or pseudo randomly assigning a value to 4;.
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6. The nethod as set forth in Caimb5, wherein for a mcutting pass,
subsequent to the ith cutting pass, a wdth wk of the mcutting pass is
different than for the ith cutting pass. 7. The nethod as set forth in
Claim6, wherein for a kth cutting pass, subsequent to the ith cutting
pass, the difference in the wwdth wk of the mcutting pass wth respect to
the ith cld.ti nFhpmethodsasaetfoatiielaim\Bewhatdin cutti ng passes. 8. The net hod
as set forth in Claimé6, wherein for a kth cutting pass, subsequent to the
ith cutting pass, the dlfference in the width wk of the kth cutting pass

Wi th respect to utd;i, ass i.s a?qdog pseudo random 9. The
nmet hod as set forth in i3, | T ar THet™ g nonrandom y, randonly
or pseudo randomy assighing a’value to A ‘14 1 The nethod as set forth
in Caim3, wherein Ti = X _ Ri+k -a, S|n‘ -ID, bi where 0 is a
nunber between zero and 271 inclusive, X = 2 N where Bl 'CS a nonrandomy,

random y whergss éudo ar aumdber Yetwivos ezerp awidt 2w dnadusivgggaij = tebee NgBkais an
additive factor nodifying A on a kth subsequent cutting pass and C, is a
randomy or pseudo randomy chosen nunber between zero and 2ir inclusive,
a; and b sorasdvailpsrandpralyt drtpsewoaradddnlyi chogenpmsitiva do ntgative duteiger] gi’(ans pseudo
random y chosen nunber between zero and 2a inclusive. 11. The ne€hod as

set forth,l - 3l f e k

subsequent® PRSP madtyhich, SEUR” tsBient Sl Bed bl SRRy o,

mat hemat i

mat hematl Iud(1t(unct| o Chase'?lh e%el?ptg‘%lﬁgérgg@gsiﬁﬁd&%eo% ah %Lalrgrsk%glg forth
in Cl ai m quantivibeard rR2a 1Wadhdsnrmmionily1 Fendbsinlly otitpséwtiy pagsmiys ch@heﬁ frebiet t han
for the ith cutting pass. 13. The nethod as set forth in Caim1ll, wherein
t he diff ebetween zano ahd2mimdfusindk of the kth cutting pass with respect to the
ith cutting pass is a gradient over all cutting passes.

11.  The method as set forth in Claim 10, further comprising, for a ¥” cutting pass,
subsequent to the i” cutting pass, shifting the starting point of the mathematical function

a distance S; from the starting point of the mathematical function on the i cutting pass.

12.  The method as set forth in Claim 11, wherein a width w; of the #” cutting pass is
different than for the i cutting pass.

13. The method as set forth in Claim 11, wherein the difference in the width w;, of the

K" cutting pass with respect to the i cutting pass is a gradient over all cutting passes.

14. The method as set forth in Claim 11, wherein the difference in the width wy of the

K" cutting pass with respect to the i cutting pass is random or pseudo random.

15.  The method as set forth in Claim 3, further comprising nonrandomly, randomly

or pseudo randomly assigning a value to 4;.

16. A method of fabricating an optical substrate from a machined surface of a
workpiece formed with the method according to any one of the preceding claims 1-15,

the method comprising:

forming a positive or negative electroform over the surface of the surface of the

workpiece;
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14. The method as set forth in Caim1ll, wherein the difference in the
width Wk of the kth cutting pass with respect to the ith cutting pass is
random or pseudo random 15. The nethod as set forth in Caim3, further
conpri sing nonrandomy, randomy or pseudo randomy assigning a value to
At. 16. A nethod of fabricating an optical substrate from a nachi ned
surface of a ¥mipe eeewlicyphibg clactraformeandt hod according to any one of the
preceding clains 1-15, the method conprising: formng a positive or
negative el ect he workpi ece; 15
formng a repl?%%&%?ﬁgﬁgg%kﬁat %?%?“@%85?§3§§ﬁ%%$§%§&? e replica of the
electroformto an opti cal substrate. 17. An optical substrate conprising:
a surfacel¥.or mac dptioah sabsteesd eompriniigace nachi ned with the net hod accordi ng
to any one of the preceding clainms 1-16. 18. A backlight display devi ce
conpri si ng:

gui ding the Ilﬂﬁgﬂ%‘??e?%‘meg%‘%gé‘flg%? ene 5 ng!y é%?‘t %@é g ’g‘gztﬁra

light gui ggy 6 of tBE bREEdiNg clalifs 116Nt out of t he I i ght gui de; an optical
substrate receptive of the light fromthe |ight guide, the optical

substrate conpr|5|n a surface formed froma master surface machined with
t he met hod8-accdrlac ht(ghspégyyde@m esmprifingsr ecedi ng clains 1-16. 19. A naster
having a surface machi ned by the nethod as set forth in Cdaiml. 20. A

backl i ght disp . optical source for generating
light; a I|ghtLﬁnggdkggcﬁggg%hab]ﬁ%hgﬂbht t her eal ong; and

a light guide for guiding the light therealong;

a reflective device positioned along the light guide for reflecting the light out of
the light guide;

an optical substrate receptive of the light from the light guide, the optical

substrate comprising:

a surface formed from a master surface machined with the method according to

any one of the preceding claims 1-16.
19. A master having a surface machined by the method as set forth in Claim 1.
20. A backlight display device comprising:

an optical source for generating light;

a light guide for guiding the light therealong; and

areflective device positioned along the light guide for reflecting the light out of
the light guide;

wherein the light guide includes a surface formed from a master surface

machined with the method according to any one of the preceding claims 1-16.

16




a reflective device positioned along the |ight guide for reflecting the

| ight out of the |ight guide; wherein the |light guide includes a surface
formed froma master surface nachined with the nethod according to any one
of the preceding clainms 1-16. 16 21. A nethod of machining a surface of a
cylinder, the nethod cqonprising: bringing.a cutting tool into contact with
the surfad -off¥ﬁ@8@9p'HHS@PHQHH“F%@eQ?aP inder, dheomeifiod COYPHYBE. i, causi ng
rel ati ve novenent between the cutting tool and the surface of the cylinder
al ong a path i prifgibanGr@ngsN e borifetith B SHARE RRaGyhddder; wherein
the path is deter%iged b;%processi%g a naf@%natlcéfhrﬁﬁbtﬁoh dgfined over
a segnent, C, of the cylinder and characterized by a set of nonrandom
random or  psed@fortalaeib np Zuttingt eass, & shesing delitivermovemant bepvesortbe stiting of
anpl i tude hase,and . fr ency;. Wherein _causing rel ative enent between
e Nk e T R R A R T R
filteringtla ¢ylind&; si gnal ; providing the bandpass filtered noise signal to a
function generator; generating a randomy nodul ated nat hemati cal function
fromthe function generator; and. in response to the random y nodul at ed

function, dire®eryl theepatly| istdeieamingdehse processing i esthematisalt fupetipn definednd t he

i g rface ofyihespePi €St il Qﬁﬂldtep find @ﬂéﬂa&&iéea%ysz%eft f %o&fandchﬂ,eram&h Ri-ece.

pseudorandom parameters selected from the group consisting of amplitude, phase and
frequency;

wherein causing relative movement between the cutting tool and the surface of

the workpiece includes:
bandpass filtering a noise signal;
providing the bandpass filtered noise signal to a function generator;

generating a randomly modulated mathematical function from the function

generator; and

in response to the randomly modulated function, directing the relative movement
between the cutting tool and the surface of the workpiece along the path in the surface of

the workpiece.
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