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a met hod and apparatus for fabricating |ight

managenent filnms and in particular to such filns
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systens, filns are CONBUBESTRUSEEStO direct or diffuse
light. For exanple, in backlight displays, brightness
enhancenent fil ns use rismatic or textured
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diffuse light) to enhance ht ness, diffusjon,

Bagklightplispdeys androthstawpeas uﬁ%laa(euﬁ & flng ﬁtacléﬁdswdaaﬂanged so that
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sah@withed betwiebe ofler epfical Nilnisok e ad diffusers] | Diffusat ilmne highly
_over'the viewer spa Performance of thin-filmsolar
1“@5‘P1F‘%0rcfaﬂd%’élzﬁ%$‘¥§6F§r i nproved by |ight trapping

based -on textured TCO gl ass/ netal substrates, and
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are soneti nes random zed f reduci ng  manuf act uri ng
disjde films,sdiffhserg sangi resr mﬂdctdsf dic aswideaangspof optical designs it is

e SIS RPN ORI 85 (BBl ino
erPRbdeCBligHthdss) diffisfonadr @bsdip@od FoPeRample, in a backlight display
system it is often required to both direct the illumination incident on a scréen 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
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appl i cations brightness enhancenent filnms and diffuser

filnms are commonly conbi ned as part of a display
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defestst 0 use an optical filmhaving a surface structured,
with linear prisms. For exanple, the prior art

describes using a_ prismatic filmtao enhanceé
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a mathematical function defined over a segnent, C, of
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e sufface of the morkplece he |1 nventi on wor ks
frd:m tlnmgmhpt:onsgstmg@f pmplEtadstphast andegeriofl cadiregpanicgal fil m
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ad@@rhbﬁ’éhed I\@5'E)ﬁ’fd%a§soﬁlter1ng a noise signal; providing the bandpass filtered

sighal to a function generator; generating a randomly modulated mathematical
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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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the tools to manufacture filnms having such

m crostructures may be made by dianond 2 WO
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cylindrical drumor flat plate. The drumis typically

coated with. hard copper or Ni ckel upon which the
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nove r no ting t cut in both er al
materiglgtd teeddradk keonighlt with a EFBned pﬂmbb Wyt bamwucé rts emmrh the

[ nd endent control |
B IR R L G S
FI&PWitR %o 4508 ARGt end & B&ﬁﬁ)ll&%sénd%?gbééﬁh&f%e used.
Generally it inproves optical performance by

m nimzing many conceivable optical interferences and

Theo ipykeitiays redupes ﬂmnﬁrabqrwﬁ n@}nn@tmﬁdsl aprapjicelesystem and thus
re%}ci%ég;{s)%tr u%t i ghst ene ch’ynﬁ % pﬁg te}igﬁﬁgiﬂcgl%ﬁ%m%mmlzmg

i nven ance

m&[}dccﬂic&fvdﬁb Qptivalt 1htwferdih[aés sl c@fpﬂllngﬁc The hyanufeonding yethods
varying the prismstructures in a_lateral direction
prayide Ru¢rgpiructpes Wit anqse contrd overribie higblghissHemt in the
| ateral direction, the optical defects resulting from

T}gé;ﬁlﬁ/gﬁt e%l'g@ldgﬂl eé]qhtaﬂ%me?llﬂ afd %lf@LtSl&p‘BVl.itﬁ@l!lt (%ﬂt cHBarBitits by

ttern es and won's rings are
raadomist vaayiag tite prTm strad:tarealm\aallatemlldmchm and beight. eBe¢anee of

thp QAT GOBBOT M in B dEieE Ut 1§ el RS rEEY from
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t joints of nmachi ned ‘patches w thout vi'sible seans.
Né’\h‘@nlsenlggsharefalmhﬁ absent | She htalneariationiis eeprpeffectie than the

hellgj'g aﬁlgg(tn? 3153 @B(g@gl%lgo %II%B?%Id I‘GEIIJ.COIHg %];)tlcaq de(fectts esp%mally the
Moire effect. The randomness of the prism patterns allows blending the joints of
A 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.



ensure precise positioning to overcone hysteresis,

creep and tenperature to piezoelectric stack. The
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greater freedomin machining surface mcrostructures

for many applications such as diffusers, solar cell

B By BN OR T PR PN Gs 7 gure 1 1 a flow
chart showi ng a nethod of machining a surface of a

Fi g\ﬁé K piis ec flowvdtarteshowlide a woethed of malchlnmgmsurfacedoﬁjmworkpwce

gure 2 is a flow chart showi ng a nmethod of machining
WIET@%IF}F%@kBFC%\lWR%‘Fré%@m\Aher ein the workpiece is on
a master plate; Figure 3 is a diagram of the master

Flglry@ Rfa fi Q%}ﬁn%ﬁ%@&fﬁ%g Rethéd) 0P MARRinBHEN 0rfadedHHR Workpiece

attern t erein ng a generally spiral-like or
- wheheie #adorkpiche isfingumestdr platea di agram of the master
dr um of . Figure 1 having a random or pseudo random

Pl 8 % OSHE Bf JHT MTGT (TR OhdOPar | PrPe gArEg 7 #5gido
. raﬁkﬁ)&‘ﬂ Piltetn THRAGOBIRFWIRS & g&%ralfﬂiﬁi@ﬁhpéblt @FadedpaBi n
foll'owi ng a generally sawtooth or triangular path

Figure 6 is a diagramof the nmaster plate of Fi ure 2
AFlgiaanlg & diagrego wf dhe p@é@ﬁdmm Mdigrsat bavipg tahl@P@‘PTH or pseudo

ralil o g%}%g? ﬁlr&e%? PQ&% %ﬁ&%ﬁ? J)ﬁ/ceﬁt%} ric ri ngs; Fi gur e 7

ross’ sectron a cutting tool in
the nature of a prismatic structure; Figure 8 is a
Figiragy &na diagkdie qirthes mmdstes. platt to'lf ergllre(ﬂ hafingiagranéorh or pseudo
'haV|n conpoun angl ed fac ure.9 is a
raggoxppftican theggip éllayriag o (8ﬁn"6?1 gr‘?F frﬁﬂ%u]gf Pithe power

spectral density of the random zed surface of the

Fi%ﬁ’é kPiF Qiddparh JfUtHE th s ‘Hlat@ RALH Ghre I BEHBH QAYranE'd)Iﬁ Wr&seudo
is a top view of the random zed surface of the

randimk patéere thypesie alnga sbyies dfegenereliy oehcshitrichingsnvent i on;
Figure 11 is a graphical representation of a pl urallty

Figlfhrg I rﬁ%e%%g# c())ti . olﬁl; %efaglglo}l %f %fcuttfnlét t%%fqgl e %3fre OY & prismatic

‘ rece,
structure;

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;
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schematic representation of a system and apparatus for
woroeioaiyzg the surface of a workpiece in comBaTaaioemM37s

over a conmuni cations or data network wth renote

| ocations; Figure 13 is a graphical representation of

. mat hemat i cal f.uncti e Fl 4 i JUER
Fidifrind by Surbr e tgnd P sl ool for machining the
surbel f @ washsiodd inC cathidghieatial overnmsdemunitation og dsty stetwmork -

Wwth a fast tool servo for cutting grooves having
withgempte logadiongit i ons in the surface of a workpiece; and.

Figure 16 is a depiction of a cutting gradi ent ‘

: C I i.aed surface
Figgfe {5 Bl dehr Rabitbh BF a2

| N\VENTI ON Referring to Figure 1, a nethod of machining
Figars i fsacthreefdimensional piesce d mackhgiirdisplipyndavadel y at  100.
A noi se signal 102 is band pass filtered 104 and

.proyLded gs i t-to function generat or 6.. A
 FigRlh & e e iae e Fr O BenFEORERLVAR i feftgpservo
ford@men g gbmés%aﬁﬁl@ﬁt%ﬂv&iﬁtﬁ)ﬁﬁﬁtﬁB GliffRR ofaRirRpiete; 4P as

input” to a servo nmechani sm 108. The noi-se signal 102,

_the bandpass filter 104 and the function %ener ator 106 .
Figieie 16bis # alspistien) dfye guitiogparadients utodneadyintp dae) swifsqe of the

t he opricat e si processi ng software and
maggl&eagﬁf?%-oaf aﬁ‘géﬂkg%%er sion board so as to generate

the input signal to the servo nechanism 108. The
DERANEDPEHSARIBTIIANO/THEINY ENTI®IN ve novenent  bet ween

a cutting tool 110. and the surface of a drum 112

rotating.at an angul ar elocity of .o in a lindrical
RefkgERaH il@rg%@éﬂgépa Of Fachiing R0l £2% P BER 1athovn
ge?ég?lg* a1008! ORbY sigRal 100 s Eatﬁ'dtﬂaﬁ‘gﬁit&@a 184 @ndPORled as input to

' Ive to the drum 112 along the drumaxis, z, and
a fuactitonggnermore 06 adknodidatbd mathematicahfiihcbouetiely aph sipsoidal

to about 2 arallel to t axi.s_of the drum, .
waye SOn s pisvideA gt Beliichon Bntfig® 106 2 afet i b 08 Cotpepism
1084 trie hBRe StpnbROR, @fc Hah@pdsotidti T@t s Elidtioh lguseraiot $06 can

or machines a random zed spiral-like or threaded

bepaplaeedhby Beconmvger Sptemaequipped with dhe approprigte signal processing
urfac f.the drum . t i ti ‘

R DR el Ay St

th®3&ab| @kcHa@ishhe08lr Unheaxdrso hlsthabist #0% dirpets pelaty € whevement

be’va?eetnha? cgtrti%rgn tool 110 and the surface of a drum 112 rotating at an angular
velocity of @ in a cylindrical coordinate system (r,6,z). As the drum 112 rotates at
angular velocity o, the cutting tool 110 moves relative to the drum 112 along 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
randomized 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.



surface to cut different depths in the surface of the

drum 112. 5 WD 2004/ 061536 PCT/ US2003/ 039178
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110 may be in contact wwth the surface of a flat

plate 114 noving at a velocity of v in a rectilinear

Al%oor ql aése g? an]eﬂbgu{é?. y’ch%‘)cu C}% glofggtlg | e% : efigllit%eWith the

suffadecdsid fatpomes 14)@(&(11@1@{ af@ldidityaﬂw&Sa ﬁebellrwaﬁb@)rdmh'& system
cutting tool 110, bein conti nuous contact wt

Copm. SBPTildD, 6 eEIs BEemyes ot HHSBn beo) theueriasbeboh 110,
QRS THERS DA AR, BALLE TR, Dide, (b Gt 100 1 10 being in

copfimidie dolﬁmﬂtwﬂn theaSuﬁfmn of thé-ipgate el 141,, thiwe cotsuod hifhines a
need not nmpve along the z axis as the d urrf 112
randgpyeskiriapgulan paffern; g (Big: ©) HYjo thsovriaescef tﬁ%g ateyl 14.
random zed or pseudo random zed pattern along a series
In gl A bt e i chifon, af B M FIAEE 4 Pbe Uiy 412 Ted
nopoiont atbag tHienz axigachedmnildg rpaks. Afcuds hh@mﬁtlwtml machines

. cuttin uality, con system can al.|ow t

a BTG Pooteudd e a3 TR bt SR e rings 18 n

thé& MirFdcB Bf %Scﬁuﬁaqnzt“hﬁréwmé Eutﬁﬁ% tdof Yéﬂ;ﬁh& k@8 aaaﬁfgqmﬂmz for
upon the desired final "cut in-feed rate.

cathh evtting @assc uTo iankgieve gbod smttmg muglhtefs atchetrdm*yb@m oan allow the

s, and r urns he start t
cultfpe{od}, 100 e Frgeds ol Pl ol Bnt PUEPE A8 B % Bylfer of
re&Ulut%rﬁRﬁ@gncﬁngih b eedesired Finhheut an®in-FdeB -rate. When the -
cuttlng ass wi || be understood that the cutting
cutting) togh d ylsh%@vtche et 94 evohetiong jagd getupmsaipehe staptgpg point
X e p . . .
12g R b s BB Gt £ iyt Rlepleq Ppisfals o he
neﬁg@fﬁ’f’,l’battﬁg.pa&‘wh addi ti onal axes will allow for the
cutting of toroidal Iens type structures when using a

I {Vﬁg Ibg 3 gg %{gtgité\ ﬂ{ag gqteoccgllftlr}lg:éq%@f {]1 oa%? wé\;eg%ﬁraeet%gg ((j)}lg Q)tus o:rt] travel.

Fo-ljr ?&é})l?tﬂ 9&[?1a111av@ e hxesf tfavBNA 0Xz ity coylﬁd%éllco@hﬁl‘i’ates and x, y,

| ntro ucing a cutting gradient into
z 1paé¢tﬂmna1rmtdmnieb i $itch adi#ional fxas ilballow tfa ﬂwmkmng@é toroidal

114 f b t tt
Lo e Sftergs pRey ssogaregfient pifnf BRT 1% o ity ledithe in
thé;vI b%:&ri]&lgf]tﬁe ctthén Cg‘th rfoﬁéﬁaiﬂﬂ& PaAsSatidl ﬁxésh" 8,NBR—ISy, 9rz will also

. W an kh cutting pass has a ‘t hi ckness of .
allah foi émteodnicingsa @ﬁ@@g gradipnt indg ghe pattem Mechimed inte theotuetace of

th% pvz)al?pté?cegﬂbt Lgégfdg 6éﬁ‘g'sequent Qi n%tpgss%s \§’uch a cut%ng gfadlent is best

seen with reference to Figure 16. In Figure 16, the i " cutting pass has a thickness or

. width of w; and the & th cutting pass has a thickness of wy where w; is greater or less
than w;. 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, yaw 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



than wk. It will be understood that the change in the
thickness in the cutting pattern in subsequent

woubdioags3passes nmay be nonrandom random or psequms2003/039178
random Additional rotational degrees of freedom
(e.g., pitch 152, yaw 150 and roll 154, Figs. 1, 2, 5

N

maCEhtURO R/ PRDL 48rfade t he surface of the workpiece
112, 114, thus changing the geonetry of the facets

rrachl ned into the master surface. 0 ed o
Th9§@@9@1¥e§rﬂid¥$ﬁli®draﬁ‘é‘?rf”@|5ﬁlu PAHER Fff?éHmF ﬂl&otnh‘“e rficr gt the work
ple% 1%@ © 1995 'rﬁﬁﬁe b£2 él’l% diRal ﬁnEttf@l i vef a §egment C,

énatlca unctlon i ned over a segnment, C,
of cao%ﬁdmateesyssyesﬁ emdacithratierizadt ey iazestl dfyraademt onfpsqmlnmmdpm

seu ora araneter.s. sel ect m t he, gro
A SR DO B BUB o0 i iR E g Fofichgy. For
a r%ﬁ%ﬁéﬁ&?ﬁl gﬁ%‘ @I}%&J%Iﬂenﬁ é %QBEE\QErch Che R¥BemAEA tfuﬁéiﬁ)n is defined

nction i's defined is the circunference
is thie cideemthrenpeof2he Bomm éllmFolng nmvatgeplmﬂ 14t the scemeptyC, over

ver . which math ction.is-def i 'S A
w@cw%atmafwmﬁa%bﬁ?%?nt e g SR B AR PETIAS An
1@%&&&%@@ Mgrckien id tfhaﬁ mhe §he tvage 6f PQuatidM a : of
Eqalonl y, =A, sin{'1', }+S, (1) wherein yt is
t he i nstantaneous di splacenent of the cutting tool
relative to Cxmdlsm{l}}+Scutting pass, AZ is the 1
di spl acenent of the’ cutting tool relative to C."I",
is the phase of yt and is a shift in_ the star

wheesi pi @ﬁh%msgantanfwﬂqplmmeat of{ths cuting e adative IOPghe i
a5 B B s Bl M Bl T phaseo
¥ %%hg%t?#%gﬂl?gl}ﬂ{e%%rﬁﬁglg %ﬁ)o,%;@ftt)ﬁr nto the starting

e it's cutting pass, the
segnent, C, over which the mathematical function is
[ooL]iIn&d. (19, the|phdsef &, a8 | nt eger nunber of hal f
wavel engths, A,. Thus, for the its' cutting pass: N A
=C (3) 2 or

Y = ¢(’Ii _q'T+kj -, ' 2

where ¢ is a number between zero and 27 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:

Ni=c 3)
2

or

@
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where N is a randomy or pseudo randomy chosen
wQaQsi40618B6 or negative integer. In Eq. (2), (2RCTAIS203/039178

additive factor nodifying /1; on a kth subsequent

cutting pass and D, is a randomy or pseudo randomy

chqgse bet wee
W 7 SRR Bt éﬁ@?‘% %gé%“?ﬁﬁﬁ‘%agpn spallifRted; o
-tk 7 (Dl- a; sin O' - () [ where al and
Eqh(®),afr &~ d¢ah addlquafﬂcmmé@dlﬁmg 7] Onlas asumm%ﬁﬁ@ml% pass and
rand y or pseudo randomy chosen nunber between
ulrfbeMobthw, dgdstoadians
’tzlﬁftoratﬁﬁan &% S%g{i?géﬂdbmgﬁsgﬁ nr eferred etelg Zglirad)ove may
incR@iv@ny mat hematl cal function that can be progranmed
into a conputer nunerically controlled (CNC) nmachi ne.
Such functions include for exanple the well known
Yet furthagin|By. (Fythetphose, Wamagdeh function and square wave
function (Fig. 13) each of which may be randomy
nmodul ated in arrplitude phase and frequency. Referring
to Fi gures 7 d #, Yhe cutti /toobS 10 corrprises a s
prismatic ,§f¢u’%t“lj??— +RvirdgsiR) Brosstssect i on whi ch may( )
i ncl ude strai ght flacets 130, 13 ’|nt secting at a t|p
134 at a peak angl e of 20. The pri srmtl ¢ shaped .
' cuttln t 00l alsocrrp
whiige a3 g 8% sl el B 299 O Mg AR! RGP OF pocudo
e prism has
rmﬁSﬁféﬁ{B‘gFﬁﬂ%ﬁ%&%&%ﬁ?ggmﬂg e o?gﬁyﬁcgﬂg}e'second facet
140 at an angle of Rwth respect. to 'a base 142 of
It Wi‘lle beninderstbd@.thaAisthb exsetthmm:t'fca}s fuotion freforredity abes mamb@ any
, the cutting tool have Cross section wt 1
ma&lﬂﬂ%ﬁ‘i@e nghe kﬂh?é4°a&r aB Q%am’?le P e rferd tetth“me“"a Y
coﬁ%lfe?r@}ﬁ@)o kna%ﬁﬁehagﬁhaﬁﬁl@ﬁ% iRkl P KbmPMYthe well known

manu urabl e shape. The equi pnment needed t o _nachi ne
tridnigelas foctive, siwtohth fnckph eoé square wavg functigne(Fig. 13) each of

il ERG L B sl T ftp b prSE U AfhY Surtace

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 20. The priématic shaped 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 Figures 7 and 8, the cutting tool 110 may have a cross section with a rounded
" peak 134 or radius “».” In general the cuiting tool can have a cross. section of any

manufacturable shape.

The equipment needed to machine the surface of the workpiece 112, 114 in the
invention is shown in Figure 12. Machining the surface of the workpiece 112, 114 is
accomplished 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



acconplished by following a nethod that utilizes a

conputer nunerically controlled (CNC) mlling or
wouabdioags3srachi ne 202, having a cutting tool 118CTmiS2@B/039178

is controlled 8 WD 2004/061536 PCT/ US2003/039178 by

a software program 208 installed in a conputer 204.

The of twar e pr,Qgr.am cont r ol
oyt PhiefeR 208 iR To b3pmihlst 268, T8 SRy AsB utdffin 208 i
wiithi 6 QoRestt 8’ evéhent NCHR tltiing teaichigne BR2cuhpliend04 is
appropriate cabling system 206. The conputer 204

injerponperied tp thedrMgeanitkies merbing 208 with ap epproptiste soblingasystem -

2 8y g8 PPARISTK <l RS 25107 BUG B oy

progiafe ooy a piddessomnisie exeutingttherrogand 208f a keyboard 210 for
communi cating with a renote corrputer 216 via the
Providinen aanpaly it glo] HiealPrasesspbr RN |3 Mg or1 getwerk card for

coC u &Srﬁfzat{ﬁg%k}pé lf@n Yeb gﬁt}%a% febr@flft}?esltntetr?é%bl& BFY ?(%t{@llgﬁetwork.

I'ng grooves avin varrations in
surface of -a workpiece is shown generally at 400. An
Ini Fipuite/ tﬂ;tapmastdajmcl'pnmgessfstem WiiRk.a fastotoot eave dot buttgng grooves

hay e Wirn oSy LhoseRgRal = v Ebigiegh car e soaedibg 400. An
1né L&OH‘MQ rp?b@é@sd}e%? %ré@@es ARt BGBmanR td Iaerdlégig signal

ecep Ive of a signal fromthe DA™ converter 40
prdedsviag @ IP)sunit GOH wbrchosupphhaam sgndlltb taod@talewtarla}og (DA)

ti t o I
o PR afviseos- A5 otaR bERlifg R fertiyesfts HESH fom dhe DA
conQ8ker1ddy anebsPs Bt 488 Rrid ﬁfé@haﬂlﬁﬁlmttbvcﬁre@f tifeUinlotiBs of the

tool position to a sensor anplifier 418 which

cugtiryg fobl 0.t Aecudtingntap] pasitéoraprobe il 2 gensey) thel pQSgloaiqféh«t egting

verter.4
tob LR 5L 0 st bl e RS e bR leltifer
418ewhich afhpUfeslthd kigatid The ambdfisd @gﬁﬁesi@lwdfedsmgmahalbg-tblaegltal
Al D converter 420. The A/D_ converter thus provides as

(AdD somvarier ¢hQ di Wheancadegidr dnteadnssithe peﬁﬂl@n abthe workpiece
of
ee(ﬁ’%ci‘ltzg%}x@ %%/uﬁé%%}'fe ﬁeﬂa\ég S"slfgnafo %e%l? téo?l% %( r 4 egeThe A/D
cohv&xﬂer tEﬂﬂpr@ﬂﬂiei heoutpliRouhe ﬂlgﬁ%lma])‘pr(ﬂ:esl@ mloé@ﬁs siefdedback

G110 UCHBIS Podun POSIPS i A AOHNE G101 pdButS) {nBOHIGH of the

&@(ﬁ)%’c@ e 5s B'l;ltlaﬁr?dv Fhe DL ART kU @Vl&ész a #éessé/(\h %&n‘éﬁ %o the

ut er , ing the softwa e progra
inputgduputeaocessor 402.conmuni cation with the CNC milling
machi ne 202 an operator is ready

Following the method results in a randomly or pseudo randomly machined surface of
the workpiece 112, 114. When the computer 204, having the software program 208
| installed,-ié in communication with the CNC milling maéhine 202 an operator is ready
to begin the method that will randomly 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



to begin the nethod that wll randomly or pseudo

randomy nmachine the surface of the workpiece 112,
wa2do4/060H36 om ng t he nmet hod, the operator begi nBCDS2003/039178

providing as input the values of Al and 'I'; into the

personal conputer 204, The operator input can be

ovded al l.y typi ng the lues for A .1 and °
Bt ReoyBist ba Sy eio oot i B A Peceboed i fedteatet 214
orfvwgtdcgm&,t\(,&;kg 13) may be stored within the
conmputer's 9 WD 2004/ 061536 PCT/ US2003/ 039178 nenory
or may be stored on a renote conputer 216 and accessed
Thei epetdier ismrempted t2 ptovide thei ealeeslafchland ePwont theTENC machine

operator is pronpted to provide the values of Al and
202} ' Ongerfhegser yaduesnge previdete theoutingalemenh @ of #ie€N Camachine

: 20263%&6%%? %néfl?%e %8 ]{pl{lﬁ% ﬁbe Agl el‘g:eégofl aﬁd%ipi%ﬁcgﬁg hl%ens%ftware
progmmmwmrmmeag dingct the cBBing Wes1el 1006 egllan: %&p@edel 112, 114

premf direct the cuttln%tool 110 to m |l the
AcGRIFIBg i§ 1pachieyed by dhe meniging ofmpement of Hieemidngipol 110

r ol 11
in SRS Bl IR Blnd P RUEEAR edifycbio
th@ rdegtham 2@Bclprtke i mdliyg qmstteszolo&curb he Tdgpish als6 udhh@bdtlh}e the
m.lin ocess 0ccC This is also achieved by t
maioring r%f ﬂgf %PV%@’[H%%@H@%POR HY g the Pmdmé@syth Aﬁ best
unﬁ%to%gof}fé' fmdom &inralﬁg)n*ﬁ‘ié& or aﬁfoslt ﬁgmlzteg esurfasl;e of the
nonr andonmi ze randorii zed or pse 0 ran om zed surface
wakpiete 112t kp wmhmglﬂpmlﬂhb cEtng tprdit@s§ heay béén ahié ttomg of a
‘;Egce,ss )éﬁaze;ntheformof a "positive" or a
PR YA Pe T RSP MaSFom t he master, an opti cal
substrate 142 (Fig. 10) may be generated by formng a
Fro@ant nyaatep! arPOstidal g@os@la&cuzo&% mo;\h%y bb %el%f%@%? Bfming a
the workpiece 112, 114. Alternativel
neg#iver palp%ﬁwebeleemfdnn ooYesr heasurésk i ﬂnﬁ Wdrkploce dilpall14.

f.or ample..a .. .
AREAENE s AT Bk edo il RIS Redorigina posive
orslegat@emnamtre rfblaéxanﬁm aOiltrbﬁ@Eﬁ(lUﬁ’Ebf fhefmal BaYinB @pi&Lilaterial
as.a nold for a pI astic part ossing, inj eC?I on

or sifican weaterial. Amep! Hheshepticasaay be wsedl ag éflli@ﬁrfblt p@lastic part.
Erfifilife dhftc i AR GHL e e nBYLRIN & Bl Mk gty

surface. Over a certain correlation Iength, I,
In howfave rmettdlogy aheieavddcorratatiant functicre | Afion if wneidasure of the

‘R(x,y), dro to fraction of its_ initial value. An
raan(omr%:gs‘ofd a s@r?ace. C?ver a certain correlation length, /., however, the value of

an autocorrelation function, R(x,y), drops to a fraction of its initial value. An

b=t

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 length 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.

10



autocorrel ation value of 1.0, for instance, would be
considered a highly or perfectly <correlated surface.

woheo4mer3el ation length, |, is the length at weCthstdee 039178
val ue of the autocorrelation function is a certain
fraction of its initial value. Typically, the

B

théthr@cQintedkidhalorthbd 6f thervptiball sabgedte ¢42 dedpatib Geks liRamgdrhequal
means that the surface is |ess randon1than a surfage

to vife of #s Bridalvafuedsra ererlation leagthiaf abewt hemoerlesso st Fother
errﬁo%{ ne?@sp Ql% ?%gelzﬁ hg lafto ?Qgﬁaﬁmﬁﬂb{ﬁphﬁgﬁo Ugeof its’ 1n1t1a1 value

nve € autocorr tion funct
in faBbut 0.5 ecrh It dessdi F@fmhémahbﬁdjmfeatseofolﬂletshbstfwé rtheavalue of the
substrate 142 drops %plless t han or_eq to |

aufqegrrelatien Apnofign @éongn ergth d| dppsoip lesh aﬂ It eoé‘BLE& ?If of its
1n1‘|?1gf Qe(lu% 69 Sbout r205 thiklo Q'i)p Fss. gpgﬁil'l SRRk % bB e?ﬁfééﬁfe $lue of |

ocorrelation function rops to
thé autdbeaatelatainufdnction aimgjtﬁle(iwﬂthcvmdmpslteé@ss t]Eamrorcdqhaalrto 1/e of its

an?gl ments of the substrate the value of the
inifig PALRPS BRS¢ Sal ong the length | drops to

| ess than or equal to Ile of its initial value in

In afﬁgﬁ‘rg RO9 JtpEQRR ﬂEw'cﬁSa? ba&%@h@ﬁisbiay@d@edevwe is shown. The

i ments, the value of the autocorrel ation
batkiight displax] dewige SR coinpitiseswndptipal sperck 863 fartgenensting Hglati 306.

A ek iR i Bides The B @ B B IRt i Bl el 0.
THE 1@%& 2Mid3Q04 ¢BMiafif disutiRV¥eaturkld @hat Ra6del the liphtd BN aycape the

device 300 conprises an optical source 302 for
lighe repuider BA4 | Sg(ph dapetive Afepiugist mgii ideludes fguerpaple.na surface

ztnpgﬁ)tturgg %1e i ge%te? @1%&/1%% %‘813{%&%@8@:{1{]&' clhifidd @%fellr? Bs explained

ai ns |sru

willle aédhir @ So tHiglireCEUS &\ tréfectivg BubsSfife B0S E}&Gﬁmﬁed htongl thgHbwer

gui de 304, Such disru t|ve features may |ncm@$ ﬂ for
QW

Suéfﬁ%ﬁ'@f e light gpidg 04 TekaelT abst lighd 0P eseaPang S Werryrface
oy AR LLER RO DRI 38 BBl gRcathb

31gogabricatedd fimhorg polsmvb ove megstive acastenf havieg | 4 ginrapdoohézed,

304 reflects ht .306. escapi fromthe, | ower - )
ragQRIPRS O GO o G UGS 309 BAEKOR PRRiGh StRRgate 314 is
re§é§&% &Utg @%@%ﬁp% foftn Rt i Al SHRSLHRRE sutthdte 314

bricate om a positive or negative naster havi ng a
congmises do rwinz exitie thewaetlo mlared sorfages2lftand amdosvicemsti opposing side

L2 SR 25 g R R g o of e
wdiBiceP I £al1436RS thhestéddtum or master plate). The optical substrate 314
“may also comprise a randomized surface of both sides thereof. The optical substrate
314 is receptive of the light 306 and acts to turn and diffuse the light 306 in a
direction that i's substantially normal to the optica1 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 fhat 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

11



conprises on one side thereof a planar surface 310 and

on a second opposing side thereof a random zed
weunf4a6e53812 generated fromthe random zed surPactasefo3/039178

the workpiece 112, 114 (e.g., the master drum or

master plate). The optical substrate 314 nmay al so

a rand h [ h .
im0l fich SRR E08. Ad PR v QiR A pleffaf B used to
* rotaRR6haRebseakislly Gnbailynpalndzedi i dhy eritinkahd bptidal 3@ﬁtmte 4. The

direction that is substantially normal to the optical
retgidiss mesbe famedyorgtching & @éW%ﬁorzuné%Xm@ﬁ Bﬁh’melrﬁ‘ébslﬁ‘ﬁtj’rﬂlong
- 306..1
ong s, erep HepEREGT A shyrled Afmelive, hiquly 6 AhiPGhsta
dePice thalebd ufddusAnarnatdfely,hor Ithig ptirR6 theThutadersfilns 81 Gtceuld be
314 may be a retarder filmthat is used to rotate the
‘ buﬂt@ﬁé"hﬁflo‘ﬁ@ﬂéﬁpf’a‘?ﬁt@]@ of the light exiting the
optical substrate 314 such that the light is better

Aﬂgplte‘f’é}glgce% % EF&? sedond/@c? Qpﬁ/ogﬁéﬁa&cﬁqéﬁé%@ 9, Q88 148 bottom,

i“nput pol arization axis o wave
uppet ardlowerf end drangpita, amlayerbealusedny other ghsase thiterelates one

. supstantially |inearl rlzed ing th
vag gl o Auai i wopeph o Pirefen &6 “%f‘f‘? e ilferlyd for
coﬁf/érﬁérﬁg b Eeﬁnfoﬁ?&(ﬂ '1'16?% 18thit YRe }ﬁﬁé_%éi'ﬁ POy 5EEs kfnbA €0 any

ong one axis thereof int | ane of the substrate.
onAl pcesntnmal w)els‘patlai otigptatidnor Aébldumemq:gt@f thqqump@nqmﬁg/ in the

- Alternative for thi tar

stFPih B otirt 68 YBIF P e oo ARE Thodfiehed baE ot

enf¥Mirh&ft SigdEES gﬁﬂm I fFsih theSREPOEE theiven@én.f ront and
back, right an top and bottom upper and

Iovver and hori zont aI and vertical or any ot her

While dbe inviution dpast besnofescribed iwifh acfsrengg aﬁtﬁewawembodlments
C e
EEORTEk B PRSI Y Bl PSR, AIRES St o
mideearidregaatentstignbe aubstitutéd for emmtsethemof withoyt deparéing from
p03| tional  or spati al orl entation di nme i ons of
the ReoReSH M ENER(iqnn Jnrpdditian, g@ﬂwﬁl@%ﬁt@gs E%B{ ﬁ%otaﬁiapt a
pa?t ncgl‘?%eﬁﬁlbt%n g? agrig th Ged i ?Q Q)?dché'%?veﬁfloﬁ'%lthout departing
ment  w t eparting fromthe scope of the
frd)rn\thmbssemal\Aba)peethbfeef | ﬂ\heruforenlt hasmtoeled thidsbe um@ntmm nht be

ref ce to everal errbod [t will b
hlﬂﬁﬁfg S s ceri T SR RPRR sl e i PR tndd abfespa or
ygiktg(ﬁﬁ tlﬂ?Yn\}éﬁtlor{T%Gf-‘thﬁﬂﬁileqﬂ\%n‘d@h QR $ndl@ée dleembodiments falling
su stituted for élenents thereof wi thout departing
withiarthe tdope sthpeppdndedhelaimscenti on. I n additi on, many
nodi fications may be made to adapt a
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particular situation or material to the teachings of

the invention w thout departing fromthe essentia
weoecopdeidier eof . Therefore, it is intended that PCNAIS2003/039178

invention not be limted to the particular

enbodi nents di scl osed as the best node contenpl at ed
C'&ﬂég%carrying out this invention, but that the

H tion will include all enbodinents falling: .within

the scope of the appended clains. 12 WD 2004/ 061536 :
1. PCT/AUS2:053 08 datBiniky Al ulfacd of A wetkpaeteofl 10 ¢ M)niting neethod

surface of a workpiece (112, 114), the nethod .
CORPHPIREsi ng: bringing a cutting tool (110) into contact

with the surface of the workpiece (112, 114); and for

At | ‘ s - : / 1140,
oo SRl 60T A0] A QARRL with (RNRTES o heThdifieco (112, 114);
andurface of the workpiece along a path (116, 122) in

the surface of the workpiece (112, 114); wherein the

oP Rt R S ob et il Sl efer BER b g too
(1 gcp%ar{h@&%fafdaamﬁ& Wdr@;ﬁéhebﬂo@% 5 9hthofl 160TI9NAGR8 surfied Mthe

pseudorandom paraneters selected fromthe group
wagbpistesilingll9); anpl i tude, phase and frequency. 2. The
nmet hod as set forth in-Caim1 wherein the

mat.hemat i, f {.i S [ | [ ;
BEHEIEETIg Y361 O yn£EL1 O FARAAR SRR Oy over
segEntNONOLE codrdinhe Sufetn ai@ ¢hatdateriyad b atsbeof nonrandom, random
I nst ant aneous di spl acenent of the cutting toqpl (’%13‘)3
or pepudorapdomopatamatershislqotest fremithe gEpupreasisting of amphyde, phase

Hqﬁi di spl acenent of the cutting tool (110)
angg g{lvg'to C, Pl is the phase of yj and Si is a
shift in the starting position of yl. 3. The nethod as

2.set Ther inkthod 48 sdt nfofthviheCleim 1 WihereitOghy nmthenfaticawfieckon is
de%Hé(? a_nunber between zero and 271 inclusive, A =2 X

‘gy ﬂ}ei egu%pon
y, =4, sin{¥, 145,

1

wherein i is an integer indicative of the number of the cutting path, y; is the
instantaneous displacement of the cutting tool (110) relative to C on the i"’ cutting

pass, 4; is the maximum displacement of the cutting tool (110) relative to C, ¥, is the

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

3. The method as set forth in Claim 2 wherein

ik
Y =g 1 - -0,
H ¢( i 2 ) 1

. : 2xC .
where ¢ is a number between zero and 2w inclusive, 4, N where N is a

nonrandomly, randomly or pseudo randomly chosen positive or negative integer, _q; &
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N nonrandomy, randomy or pseudo randomy chosen
positive or negative integer, q +h 2 13 WO

waQoeeBs636 PCT/ US2003/ 039178 is an additi verPEamiSenn3/039178
nodi fying A, on a k' 1 subsequent cutting- pass and (P;
is a nonrandomy, randomy or pseudo randomy chosen

is %%{itﬁ%ﬁ%ﬁo@%é@@}lg}@g %% % b @ﬁi)%éﬁ_{é&ﬁ'cuﬁing-rpgss%tdh@% is a

as set for er c rising,” for a k

nonfnibRGy, %ﬁ&omlt}IZ(?i?ﬁﬁgHg Q&n&o‘i‘hl?f rt?lﬁ e @by l‘i&w@fhs $ero and 2n

shifting the s Ing point .o e mat hemati ca
influsig¢.i on. a di stance SZ fromthe starting point of the
mat hemati cal function on the irh cutting pass. 5. The
nmet hqd as,set faorth,i.n al urt her. conpri sismg ...
4. ot IRIGHEGS o Aoy P ST RABEIFE Bt EnFHgng poss
subsdquéntt ® Me- "Scutfihe pasd NBchiAs thetstdr@id Poind JF! Bk hdthematical

wherein the mathematical function is selected from "
fun¢tiongg distrne¢ Snfomethastactng peint of tesmatbersptieal fgncyipn on the
cétri angul ar function, sawtooth function and square :
~ Unction. 7. The nmethod as set forth in Claim?2
wherein Ti _ 02, - R;+k - (D; - ai sin 2 b; Were
5.0S iBhemethodbeset beinReDlae Dduahe cdinpiisilwdhte@dorly, Fandomly
X where Nis a, N nonrandomy, randomy or pseudo
orpserflorrydaply asvienas pvalpe todi-negat i ve i nteger, q' +k 2
is an additive factor nodifying A, on a k' h subsequent
cut t- (Fn 15 ihandaqs VAR
6 ohos o RRARS, A S i O ke My RRANRLAN AR i
sekcedsftah dhe groapt oft matheraaticaljfuncsions namsisting axfitsiangular function,
randg%.oreﬁfeudo rand{%mt}/ chosen nunber between
sayiaas tigf ANG SAATRY W TUBCoOPe et hod as set forth in
CGaim?7 further conprising, for a kill cutting pass,
7. The method as set forth in Claim 2 wherein

¥, = ¢(}L,. —q’T“"] -0, —gq, sin{qﬁ(g—:— Q,J}
2xC

where ¢ is ‘a number between zero and 2m inclusive, 4, =N here N is a

nonrandomly, randomly or pseudo randomly chosen positive or negative integer, Dk

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

randomly or pseudo randomly chosen number between zero and 2 inclusive, a; and b

are scalar quantities and €, is a nonrandomly, randomly or pseudo randomly chosen

number between zero and 2w inclusive.

8. The method as set forth in Claim 7 further comprising, for a K 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.

14



subsequent to the irh cutting pass, shifting the

starting point of the mathematical function a
wdi2ei4aacB6Si fromthe starting point of the PCT/US2003/039178

mat hemati cal function on the i "h cutting pass. 14 WD

2004/ 061536 PCT/ US2003/ 039178 9. The nethod 'as set

o.for t’hhé lﬁe@oa'agfbé?t fgﬂﬂﬁ M‘@%urﬁ @Fh&H d3hpRe ﬂ{g g.?dai‘g&in%y, japdomly

random or - pseu randonly "assi gni'ng
ormcudblmndmlﬂty@dmgmngatvahmrtow,l n daim1l wherein causing
rel ati ve novenent between the cutting t ool (110) and

f f th 114 | -
1, S R a5 SR ok <aadp ghat er% uélgéforé v hgnevirent
bd@@&dﬂﬁé guttihg t @phomhé qlessuaa@é otttﬁe %e]ﬁﬁ Et‘z 9§48 n]%fu%s

(106); generating a randomy nodul at erat i ca

function fromthe function generator; in response to
bapppass SHgong § neise sizaeldd04); f unct i on, directing the.

rel ati ve- novenent between the cutting tool (110) and

RS AR LB BAPLEAT A AP A PRGBS,

fabrl cating an optical substrate froma nachi ned
gesarating e rafdomly wodkpicarathéheatioab funotlo 669 the ifi@tion generator;
form ng a positive or negative electroform over tt%

face of, the surface piece (1 114);
mf%ﬁ?ﬁ“ﬁ% o thes 5‘?11‘1851116@?4%@“%‘1{ 2‘&#18% H?C“élﬁd’&i@ riglative mgvegent
behb@enrtﬁ@ Ligidg Q(f)olt(li' £0)edrachE Qﬁl%d@ dfehé %o éééa(ll 12 1 14‘%l along the

substrate. An ‘opti cal substrate conprisi
paﬂumfth@slrfamzfﬂreomkgleter om a master surface rrachl ned by
bringing a cutting tool (110) into contact with a

surf rkpj.ece .12, .114) ;. for at
112 e o il Br YA RLEE Bn St Gep Sttt Poguil swtith of o
w@kptec@@ldmeﬂhoaadmpﬁﬁﬁ surface of the workpiece along a
path in the surface o% t he wor kpi ece; wherein the path
(116, 122%} is in the nature of a mathematical function
Ola%rlg feBOBUYE Ok negafivesiectraformyfover Hisorutfasatcd thy sufarent the

W&ﬁﬁré@tgélqg’llzlqg; by a set of nonrandom random 15

forming a replica of the electroform; and
transferring the replica of the electroform to an optical substrate.
12. An optical substrate comprising:

a surface (142) formed from a master surface machined by bringing a cutting tool -

.(110) into contact with a surface of a workpiece (112, 114);

for at least one cutting pass, , causing relative movement between the cutting tool and

- the surface of the workpiece along a path in the surface of the workpiece;

wherein the path (116, 122) 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

15



WO 2004/ 061536 PCT/ US2003/ 039178 or pseudor andom

paraneters selected fromthe group consisting of
wanpl4ioetide, phase and frequency; form ng a poBCTIUS2006/039178

negative el ectroformover the surface of the surface

of the workpiece; formng a replica of the

' [ £ 0f ct he .
Ol S I Tp Bt B Y SRR M4 oo of afitude, phiase
ardi fsqrjuagcydevi ce (300) conprising: an optical source
(302) for generating light (306); a light guide (304)

for guiding the light.. (306) therealong, a flective o
Bt oSt Boueeun el EPahy Tits the gtacsl ey S5ES of the
wf)fkgierc@,ﬂ ecting the light (306) out of the Iight guide

(304); an optical substrate (314) receptive of the

l'ight (306) fromthe |ight guide (304), the optical
fosmisng & rgplicy &ohg cleomaformiang: a surface (142) forned

froma master surface machined by bringing a cutting

. . kNt 0 11 h f f a workpiece
tr%%ﬁéfl? nét}%&p 1*%#)?51% ﬁéecgrgotfml({)ﬁ]{eo T pﬁéé]lgS%gg%ag?' i, causing
rel ati ve novenent between the cutting tool (110) and
13. he Abatldight displahdevioe KGO0gcempddidg: 114) al ong a path
(112, 116) in the surface of the workpiece (112,

ar R N o) tPLBBET e dah (B iover & segmont. G of

a coordi nate system and characterized by a set of

a RERIANRABY4) BN MngWe Hgﬁqmqgggmlp@r aneters sel ected

fromthe group consisting of “anplitude, phase and.
frequency, formng a positive or negative el ectroform

a pofleetiverdeviagr (B a®epasitionnd along ftle-ighifeuided 3 04)ofok piftecting I8 light
: P /S2003/ 039178 formng a replica of
G?@e&g%é}{%ﬁ@ggurﬁd%%%i ransferring the replica of the
el ectroformto an optical substrate.
an optical substrate (314) receptive of the light (306) from the light guide (304), the

optical substrate (304) comprising:

a surface (142) formed from a master surface machined by bringing a cutting tool

(110) into contact with a surface of a workpiece (112, 114);

for at least one cutting pass, 7, causing relative movement between the cutting tool
(110) and the surface of the workpiece (112, 114) along a path (112, 116) in the
surface of the workpiece (112, 114);

_wherein the path (112, 116) 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 frequency;

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

workpiece;

16



14. A master having a surface machi ned by the nethod

as set forth in Caiml1. 15. The nmethod as set forth
wono@laiss 4 wherein for a kth cutting pass, SuBSEmS2NB/039178

to the itJ" cutting pass, a width wk of the 0i cutting

pass is different than for the it"" cutting pass. 16.
fothend®tpAea 85the @lechOfcki; hfy G ail m 15 wherein for a ktl*

cutting pass, subsequent to the ith cutting pass, the

difference in the width wk of the ktj' cutting pass
trgpsfeiripg dsaieplica of thheleptrdfonnita ameptipabsubissate. gr adi ent

over all cutting passes. 17. The nethod as set forth

yn Chaj wherein.for a k" cuttin Ss, . subsegyent
140 ChabiRgkhal i kS bahifst Seine ritabE S en et it
wk of the kth cutting pass with respect to the itj’ ,
18.ut t Thgneasl dsset &0 Claind IeykkReinaBHR R hflingass, subsequent

back),i ght di splay device 30}9) conprising: an optical )
tosihig i euttagonass.or Vidiheraef | QHiting Baw)is diff¢rienththagy fordithe i
a&gém asOF guiding the light (306) therealong; and a :

re % ctive device (308) positioned along the |ight

gui de (304) for reflecting the Iight (306) out of the
16.i ghTheymiethed (a3 G¢f) forthie Ciim 1 hwhédethfor g’ dRit{r@Qshys, subsequent
ti clpdes a sur{ha ef 142), forrr,echfroma paster surface

Ofae hi FEERSHPASS, ﬁéi engedi the Wigth Wt thako cuisine Ress With respect
t08hS I hRG K Pss & YRRURWERR afl Citti t one cutting

pass, I, cgisgi néé\g{ael at(?\%éanoétgggfqt%&%%tv\een the cutting

tool and the surface of the workpiece along a path in
1%.he The mathedas sethferthon Kikiecks wirremeton atff euiatgtpaks silbsequent

t.he.natur e of hemati cal fuyncti efi ned over, a
todag Zr;e%l{ttmg Pfss’otﬁe gﬁt%%}ca it gTeeWIQ ‘f”e‘h&gﬁ CHLRg Pass Wity Fpspect

tolifle &' GRfingdPash WRAMHRBY pécdBS e4RdeR. Pseudor andom
paraneters selected fromthe group consisting of

anmpl i tude, phase and frequency; 17 WO 2004/ 061536
18T/ 9520 Bho displpy devise (AO0RY cempidsing: ve or negati ve

el ectroformover the surface of the surface of the -

' ; ' lyd .th | ectrof d
o198 Bk oA ST,

ansferring el ectroformto an
opti cal substrate.

a light guide (304) for guiding the light (306) therealong; and
a reflective device (308) positioned along the light guide (304) for reflecting the light
(306) out of the light guide (304);

wherein the light guide (304) includes a surface (142) formed from a master surface

machined by bringing a cutting tool into contact with a surface of a workpiece;

+ for at least one cutting pass, 7, causing relative movement between the cutting tool and

the surface of the workpiece along a path in the surface of the workpiece;

wherein 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

frequency;
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19. The display device as set forth in Claim18

wherein for a kt' cutting pass, subsequent to the
WwORe04/0618361 ng pass, a width wk of the e cutti ngCpass003839178

different than the its' cutting pass. 20. The display

as set forth in Claim19 wherein for a kt" cutting

ass, subseqguent  t its' cuttin ass e_.
e SHAROP AT oge i ltBno ULl PR of I e of e
whflplecs;espect to the-itJ' cutting pass is a gradient

over all cutting passes. 21. The display as .set forth

in Caim19 wherein for a k" cutting pass, subsequent
fopingtperepliga ofdhe elpetirfpEBsandt he difference in the width

wk of the kt/' cutting pass with respect to the ith

I - i 2. A nethod
i B ™ e et hod
conprising: bringing a cutting tool (110) into
1% ont Bt displalr delvizesasr feadertiofin tHaint ¥8 iwiteein fand Abruttihg pass,

east one cyttin ass, i, causingrelative nmyvenent
susSEeRto Thie SHATAERE Gor ot Ttk ha s CaL RS AK o b the
Mkt ks.(112) along a path (116, 122) in a plane
tangential to the surface of the cylinder (112); .
wherein the path (116, 122) is in the nature of a
2Gvat WBradisplay as seideitioin Gtfimrddwherein far a §6 giisimg, pags, sefsequent

o o e IR R S e ALBF K PP PR R i bespect
to%g@ﬂpc&masﬁ isnOeradient Vet blldeuinghases.and  frequency.

21.  The display as set forth in Claim 19 wherein for a ¥ cutting pass, subsequent
to the i cutting pass, the difference in the width wy of the i cutting pass with respect

to the i cutting pass is random or pseudo random.
22. A method of machining a surface of a cylinder (112), the method comprising:
bringing a cutting tool (110) into contact with the surface of the cylinder; and

for at least one cutting pass, i, causing relative movement between the cutting tool
(110) and the surface of the cylinder (112) along a path (116, 122) in a plane
tangential to the surface of the cylinder (112);

wherein the path (116, 122) is in the nature of a mathematical function defined over a
segment, C, of the cylirider and characterized by a set of nonrandom, random or
pseudorandom parameters selected from the group consisting of amplitude, phase and

frequency.
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