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SUMMARY
Embodiments of the invention are directed to lightguides, backlights and devices
incorporating lightguides, and processes for making lightguides. One embodiment of the
invention is directed to a lightguide having light extractors arranged in a pattern on a
surface of the lightguide. The pattern of light extractors is configured to enhance

uniformity of light output across a surface of the lightguide and to decrease observable
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lightguide. At least one first region of the lightguide is configured to be located relatively
nearer a light source and at least one second region of the lightguide is configured to be
located relatively farther from the light source. The light extractors are arranged on a

surface of the lightguide in a pattern that is configured to enhance uniformity in light
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Figure 4B illustrates a lightguide configuration having a pattern of light extractors
that generally have decreasing areal density and increasing extraction efficiency across the
lightguide surface in accordance with an embodiment of the invention;

Figure 4C illustrates yet another lightguide configuration having a pattern of light
extractors with decreasing areal density and increasing extraction efficiency as a function

of illumination across the surface of the lightguide in accordance with an embodiment of

the invention;
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backlights that illum nate displays, such as liquid
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liquid crystal displays (LCDs). In display applications, it is usually desirable to maintain a
uniform light output from the lightguide over the continuous display surface. Lightguides
may also be used to illuminate keypads, such as the keypad of a cellphone or other
portable device. In keypad applications, it is desirable for the light output to occur
primarily in the regions below the keys because light output from other areas is wasted or
provides less efficient illumination of the keypad. It is also desirable that the illumination
of the keypad be uniform from key to key (no key visibly brighter than another) and

within each key region.
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In lightguides in accordance with embodiments of the invention, the areal density

im

of the light extractors may be constant across the lightguide, may decrease along the
direction of propagation of the light from the light source, and/or may decrease in regions
of higher illumination such as nearer the light source or within an intersecting cone of light

propagating from multiple sources. These configurations are possible because variation in
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output even though these regions are relatively close to the light source 110. It is
beneficial to use controlled efficiency for light extraction across the output surface 150 of
the lightguide 120 to compensate for variable light input, thereby enhancing uniformity of

light output across the output surface 150.
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out put surface 150 of the lightguide 120 to conpensate
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Eected to have a | ower |I8 t output. Regions 131 and
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ut eve

t herhatightcd @i imdyalddweary Iw@ﬂhtn SRGI0RE aslﬁlastréféteb_x} tl@h:ilose up view
output may also vary within a region, as illustrated

of ppianh2dp Gigre hCv iFégurad Crilbgtigtes fig regior Fpumay pedivided into
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163; subregion 173 which is within both cones 163, 164; and subregion 171 which is
outside both of the propagation cones 163, 164. Light extractors having the same
efficiency arranged with constant areal density would not produce uniform light output

from this region due to the variation in light input to the various subregions 171-174. 1t is



second cone 164; subregion 174 which is within the

second cone 164 but not the first cone 163; subregion
waz®mseseh is within both cones 163, 164; and BCDHUSOLO7S018

171 which is outside both of the propagati on cones

163, 164. Light extractors having the same efficiency

arranged with constant areal density would not produce
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efficiency of th ght extractor. Hei of the .
CXUEBAGTAED Fﬁ/q &t 8F eéﬁiwt%\‘ﬁ@ﬁ@ tq ‘I%S CE)WFH%J&E‘F gxteeia oy Tilt angle
is &B@n@ébé%%ﬁ%hefﬂr hexi¢ & @k vnafe. t he extractor base to
he Tenter of xtractor top. Tilt angle is the
ang ILeghit ek trastors uthe:cprdanm wih cacbpdinenth dftilec inasrﬁioan@hluave the
tors in e Wth enbodi nents. of
soti s SRTMGP LGRE G s B BRI ShexpActpn effiiency
depdn@fiogini te slmibte FALANS. Vafp h%ﬂle@ﬁypm&oﬁfto %asﬁtfa%lfﬁaéhcy ofhght
efficiency depending on the shape factors. Vary 9
cxtsgrdipn aflaws bght %Ua@@ma’f@mséhﬁtm@‘édm gnhgfcqd 1ghforrmty 0 hght output
h t
vy G PR B PReiohPBF R i AR BBt Shhancg gotoc

hidsnf. flacariots NgHtfhide élﬁ@d)(ﬁﬁﬁnt@fthdt Ipeodldegéiﬂlgmsde;mfaﬂdlt@hﬁd)or defect
provi de enhanced defect hiding. In various lig ui de

hidanes def area dentityaf thy beht gstregions rlfc%hﬂwa ﬁlofﬂé?lﬁqn@l?m%?d Jigfactor, such
as &?ng%tﬁlhfag{o? gf al%d?ﬁ" 284 8l mgf‘elﬁbite){ab%t tfﬂffalc ogpf about 33%. Below

extractors ove a’certaln mnitm
this tédnmaas fﬂbfamr ah¢ viclvef may be able tabmalve zﬁﬁ/qabmt*vmuhe endmdual light

prefer bI a f|| factor of about 33% Below this
eXthH?rﬁfl cli isyyndesi the viewer may be able to

resel M@thQQGsolj‘ﬂsa%E%aﬂ&%ikﬁ%ﬂdcﬂﬁ@ﬁm bF 8tinvention, the areal density

may be constant across the lightguide, or may decrease along the direction of propagation

of the light from the light source, and/or may decrease in regions of higher illumination
such as nearer the light source or within an intersecting cone of light propagation from
multiple sources. These configurations are possible because variation in one or more

shape factors of the individual extractors is used to control the light extraction efficiency
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extractors, which is undesirable. In Iightguides in
accordance wth enbodi nents of the invention, the
wa@e@alo3msensi ty may be constant across the |i gheQuismps/075018
or may decrease along the direction of propagation of
the light fromthe |ight source, and/or may decrease
in regions of higher illum nation such as nearer the
of thegrtragieisr s dycupiod libovagxirastemetienp Hylighaede flesigngre
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enhance defect hiding. These configurations are
aclpoe®idl e because a shape factor is controlled to

proyi. decreased extractor .efficiency. i.n these areas.

By LSS e SFRE Sl PRSI Ge Sk PR D SR She o
ad vk cSlP €l1dva BHeQiial dbhsitftof € 1ighe botiadhit tEbdmcthaidd or remain

extractor areal densities above the m ni mrum extractor

costant apchghaye thy wikppE WA Sicrey ImEwiansaispiest thy heht source to provide
. . -Usi .

o AR AN AR EP ol LBV e gy oo vt
sodensity of the light extractors to be increased or

remgi n constant and ahove the mnimumfill fact in

r egil 6AS %—a@%@fl PFEFESS i > liggh peEctess w}tgﬁpa%olgié;qgﬁclency through
vaﬁﬁﬂﬁ%‘%ﬁaﬁé@aét@ﬁ% b¥ chiktdub@At AF’lE’%I%ﬂid@&%tEﬁ%&Bé RnRf using the

observabl'e defects near the |ight source. The
tworphotion phatsrhaympressray| df digbt ¢xtightor etxiataes whhwndyhbe protruding

controlled efficiency through, vari atd f, sh .
or e AR OGRS Bty R g S e S Rt FaRR i i ranee
of ﬁwu% Ghib®nb & dHdRt BYPmRREHD Hbdt 80 &S SbARYOO hi@Bnd bf aou@frs to
light extractor structures which may be protrudi ng or

abqus d 68 suerogs, rapdfon masindm fesigdstand (o magapem sviis ithdic gangs of
f d_st . Dt
ooff S BRETR S AR OB Dol 300R SB0 PR 7wy 1001

abdlit Q0O Agcrods. ABMUE rafge bOfill Fadtbrs 1P tom 0O feRcent)ahdl/ 89 achicved. For
maxi num | en%t hs and/or maxi mumw dths in the range of
magp gpplicatignss Fidfactprs ofigbeit 1swrocant traheyt 10Rraieens@r pBout 5 percent

to ARANYs BAQeATcGh BEscrRl PRORHILI P HhAoRRULLRIAALTLEIRY S0 preclud

© %%WI deﬁr a%geC o? ?ﬁ ﬁl fIgct or Ql 1up Yo 18% per centf) ma({yo preciude

vicoer abeirenied of Herindimitpakbgplacoat | o nsnofithid liglagiide beaving the light
about 1 percent to abogt ]130.0 percent, or about 5

ext&g:]tqlré)ﬁfte of the master may be fabricated from the master.

As illustrated in Figures 2A-2F, the light extractors in accordance with various
embodiments may have asymmetrical or symmetrical geometric configurations, such as
cones (Figure 2A), or aspheres (Figure 2E), including parabolic (Figure 2C) or hyperbolic
structures, truncated cones (Figure 2B) or truncated aspheres (Figure 2F), including
truncated parabolic (Figure 2D) or hyperbolic structures, and combinations thereof.

Truncated configurations have both a base 210 and a truncation that can form a planar top
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to about 75 percent can be useful. Preferably, fil

factors are above about 28 %to preclude viewer
wob®ensztd on of the individual extractors. A nme@DUB100$/¢75018

i ghtgui de bearing the |ight extractor pattern of the

master may be fabricated fromthe master. As

illustrated in Figures 2A-2F, the |light extractors in
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ron be a exa
abalt 80elbgecof At bleviolugllytdlﬁuﬁsreé,cthe tlghtrmyrattaisehaw a principle axis 340

CORSEET LM UL BaPAR S 81 TSt BaT Of Mool T Ggnedy 350 of the
ext?a[ctdrﬁ rlﬁﬂéﬁa%d) in F@Qge @Belsrtﬁegéﬂgtlé Gé{w%éﬂj \é’%lrlln%&)feaa&lsbﬂO and the

C aract erized a Vertl cal Ttross section (taken
bawe?rlpe Adhie ¢k aalgletﬁOtrhzey xaseto dbbat 80 degpees abpdnidomg upon the desired

er bol,i near, or a conbination thereof.
b“%%ﬁ?@@&ﬁﬁgkkﬂé”%ude wal | is not perpendicular to the
bas ghethdpeFacibis UEE YR8 ghtRd/ R XRMRLR, of A6 cirklegloha 1r1gwgulde
have vertical tangent a(gl es at the base of about

surdizng mesysba waybovaric@ o gerfr@ dsighingssandwingasnyy . drercaxegpls, the light

0 C e [
exbbfors e SFHEP TR Bl 3 RaPU e b eI o i grgpros
Vaﬂyhﬁcélﬁﬁlg&a Ghe diktendd dftth@igraetod Hdnodthe ﬂllgﬁt @Xitdeast @esrding to the
illustrated in Figure 3B, is the angle between the

ﬂhgmrlﬁttqrmféhes‘ertgacm@%rﬁan bhéheighé SCEEEGP Teovariatipn ghige shape

PR RS R

sutffaectod tis, lightgnide drewlinh spafmiﬁ@regtdnb bf dredightguade. t"Jl’he pattern of light
extractors on a ll%%{ u surface nmay Bi nP

extaglqra gay PRI ¢ ghtaﬂ gy bgye ﬁrﬁfﬂfeé‘i‘l Yt Or@cﬁreal density or

ma§AYPL GonuBforlnh Sk RXSHPELOIS GRS WEh ﬁfu&rﬁﬁ&ﬁfi’l fcﬂ' cRample.
pattern so that these shape factors of the |ight

ext Fepiro#44 is a top view of a lightguide 410 having a pattern 405 of light extractors
with substantially uniform spacing across the surface 411 of the lightguide 410. The light
extractors have substantially the same size base footprint 425 but a varying shape factor.
This configuration represents a light extractor pattern that has constant areal density across

the surface of the lightguide but provides uniformity of light output despite the closer
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vary according to the distance of the extractor from
the light source, or according to the illum nation of
W0 b@oesasiact or position by the |ight source. TPEI/US2008/075018
variation of the shape factors may be used to produce
a desired uniformty in light output across the entire
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uniformty of ght out put
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efficie tractin the |ightgui de t
prphifopgineh €t fob e iorandit 405 e il STRGHACS of e ight
extPRYIrS ncAfQes afgfhrfaﬁéﬁbntdﬁhé%ﬂ{&% fIm Bk Hghour@dndartRhses as a

efficiency via the shape factor, the various

furictigh pffrottsing it imythisernkadiments Eor peanHenrthe Hgltantracansrd9P farther
froig?t_%i@%h SOOEI.I et Vg L ts!n'aﬂ ébagé(_j nogltgndltrt g?éli gl;?](? %gﬂ%n ex%ggt%loiprfﬁcwncy
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(0]

tightsouing 0 iThe dighgr y@alafiqné@upﬁth@ilght axdRgPrglashnethe light
SOJI‘@&#I%I-VId%g Eﬂﬁﬁcé(iq f&ét%%?é’%ﬂ@resl ffg@?{ aﬁ?éllostlr%e&&f S

configuration, e area nsit
ext Faatro46 11dimae:a§'e&n|othet hghtguude cbmiﬁg‘urﬁfonmwﬂmgmlgi agrattern 465

the light. fromthe I|i t source 490.. Th tractlon
of Eght cxfragiey vyth @q&éeapﬁngﬁfeaga?qsgz@ P thﬁ&%@&?@éﬁ actgrand

1ncfréé@ﬁ1'g'egﬂa8foncgf§$1@1%ea far R i fliileHhina BOVEGEssBRsurface 461 of the

hght?gﬁlrdi ?128 SInatﬁls %onﬁguratlon cach of the light extractors has substantially the same
base footprint 485 on the surface 461 of the lightguide 460. The areal density of the light

extractors decreases as a function of distance from or illumination by the light source 490.
For example, in lightguide configurations as illustrated in Figure 4C, where the

illumination of the lightguide 460 by the light source decreases along the direction of
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function of footprint size in this enbodi nent. For
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suffficigit ﬂ§)ﬁb|1ﬂl@}ea1‘5 @dsoaiddd ki Ufﬂ @L‘tb\dﬁoﬁdl) Z’at&ht Rpplic@tibn S/N 60/ 747,609

extractors 503 | ocated in regions 506 bel ow t he keys
whaghshas pen pigyiopdly difofppsaicdheice Mgydonpgsoniget %)lc?rfiler@ﬁgo make

eleg%fgl%nﬁ%ytﬁntﬁ 0 ’CP#@%}PQ@‘P% ﬁ{vﬂ% g@r&%:?/ S'? k?% 8{31 I&gerﬂghﬁw QHiuHASo0ard

n some config
512dentified by nunbers, letters, or other indicia that

L i 0, of h h
EQ? 3 1%’8@5g]§é5 %{9@35%{5 'Oﬁﬂieilgﬁ? Mff’@déog‘ ﬁd@tﬁ%wyﬁ % igure SA
ﬂluEH@m%']\EhE ¢ELi Rt J06%- 5@éplob£{€dl Hi6w 1R E@;ﬁs o8 alThy KERNHACih iR are

SW t acts 515 disposed on thé printed circuit
nofxbarad 18 f&uamdBeare ptimagt llpmemtetlioy lighs odtpwe ooatheseotgions 506.
Th15151 zt BHean %Fedto max\llrglze light output in the key regions 506 and to minimize the
light output in the surrounding regions 509 that do not serve to illuminate the keys.
Further, it is desirable and to provide uniform illumination across each key region 506 and

from region to region (i.c., from key to key).
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the switch contacts 515. Wien a key 505 is depressed,

the force is transferred through the |ightguide 502 to
wo bodsesexl contact 517 under the key. The | i gheQuismos/e75018

a thin, planar structure nade of a material that is

sufficiently flexible to w thstand numerous key

depressi ons w t hout breaki g& Suitable materials for

t he The gtei)isi 96 ohieciehtgids HE efifigureiSBrinclupegioyps pf ght

ext%; %) gg?? J{?P%gbh?ﬂ]e%]ﬁ H‘E a %ggénngﬁ ev‘IVP ghg?rthe g oh§: %6 C?h of the

lightesxedattorsThae salgytantialtp fteaaine Sizé bfakeeﬁoeq)rim SIIfB.k"Ehls conﬁguratlon
electrllcgglfl contact with its correspo sSwitch

repEensRts Atl1enY extEsior pattehithat 8as eqrstant #re %5 igactpffip gegions
50?%‘3 hq?a@ldé 1Ydr§1 1‘f 11 Hteoult%lﬂ t?l%?p?t%%ecao@ gr&nﬁlt of some regions

502 o ure [ustratin egl ons
506 06the 3i@btzuldecdlaa tfbad[gmvsmhree K@y sTHeOtght Txteackeypatt&@5n the regions

i ch, are not [ re 5B, . primari | )
SO0 PleieR SRR ] SRS D AR bOETRF Bret Risgah G aify DS s lieht
extHtests 50%a-567148 8 iftiRBbe of QistRKé ffbﬁleché h?ﬁttsoﬁ'l‘é% Bol. TRe EffRiency of
key regions 506 and to mnimze i ght output in

thet dxérasthSr\@mlnsjmvgrsclefgwdnélum)@attohéw tb@ liglgtsogise w841t 0

il ur, to
or o PP il Gt pued LR SRy BT hghS ceor.
sud‘hQﬁ! ha[gcm ﬁf Qlfnafiggl V@Hﬁcﬂi GoritRN MO e((ﬂracﬁon ki @EAdy ey tﬁeOhght extractors
The reg ons 506 of the | |5%ht gui de 502 of Fi g

SOEBfarlﬁ%wuh disfange fompihe lighhtourset Y04 ©F dfwnigatyor %a'thethlgat Source 504

L
theslipie sairzesBbaert oigilluntind@bby fﬂellghcmfmegﬁﬂ%(hghm:xtractors 507¢)
rn that h s const ant

arc AT DCIGHY PyTi<ATB AEA' el RgH 0 S0 5060 B GUFSEES tht

arcHhQ Yhleghlt bShte S04 @ight %@0}565 (ﬁaeor ShPH BF arc less 111urn1nated
proximty of sonme regions 506 of the Iightguide 502 t

by theelighit ghitrcs duglyextators Thda hndyhd7ip xTheaeémlay tpedrtted thel afﬁc1ency

he. 1.0 ovi des .con nt areal depsit nd
of e b g Rus ot SIS 1o0r diriy afoTnibriehpuid Ens tha
ha®XihERedcAlaPead @it?ac&gzi%nﬁx? AodeUné tigitRotice Whsdharieenthsmsly
the light source 504 he efficrency of the extractors

pmwadqwghanw@d@f@ctwl@mgh i1lumnation by the Iight source
504 HJ?Eh ﬁf( % ¢4 °5fSF1§ fre %'Cgiﬂuﬁreég aalr Sht uef?% ?%‘\U’i léarvqng

so t ne's actor, such

regiodst528n306l, cdﬂﬁgﬁﬂ&d e®bE Id@lat%d bbloweikt kayd deulke@f)ﬁd. CERAQY the
of the | |ght extractors 507, varies with distance from

regigns I201RL0Belnaes I5zhs cxiractars SR mad il oiesisgtivle IThgHeht extractors
522&3?ﬁﬂ%e§%ﬁl L% Rax%%@:l%lglgﬂ% Qr%af"dyngl‘?}; Md I%fasﬂig Extl cagfé reff%ctl)ency

the extractors th
acrblstethb sgtfdcend lighgubies26r Iathés comfigutatibothe aﬁeeblddnmty bethe light
e

ur 504 (light extractors 507 e .les .
oot éiﬂq—iﬁ degerske T g diegihn ¢ R oGt ehidEra s light
solrBasnd Nend L@RLHEXIFRRhGF §f thB&Eht extractors increases as a function of
distance from the light source and decreases as a function of illumination by the light
source. For example, light extractors farther from the light source, e.g., light extractors

527h have a smaller base footprint 529 and higher extraction efficiency than the light

extractors closer to the light source 504, e.g., light extractors 527¢.
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are farther fromthe light source 504 (Ilight
extractors 507d or 5071) or are less illum nated by

wo bl source, (light extractors 507a and BOWU$2008/075018
The ability to control the efficiency of the |ight
extractors through varying shape factors allows for
I i ght gui de designs that have increased areal extractor

dendisiyerubedifssed, diferansinists afilleninationfomgbolishysource may
be Bl SR R OARGE Bl ool et e b3 ighin a rogion

as 920 ab &g gioa o edpsorb AGgurd A€ Lillastrdtesgusimdtidviowherclaaegive ds not
el qw.t he keys of . a keypad, .Each of the regions.
undply sbemingie Pucdisht syt cbitiy B BRIty 40 dmination from the
- ' ' 527 al 'y
iSRS oL AL P TR BR e
compspprding.anvasd nan-emymay nosstrachien sffrciace. of |i ght gui de

520, | hi s conf.iquration, .the areal depsity of the

7 ot Dbt egRR b oL R vl ruRiabBon s ST hePliad gy be used
to &fhaREORARRMIOBT Bfc [Idheo tb%itﬁih%%%ibﬁ tHait S fmiBRUE & Rey B

The extraction efficiency of the Tight extractors '
contradliegthe sxtactipnfofinaencyref diic ekitecencia the wgianhdor exgmple, light

source and, dec ses as a.funct.io f 1llumnati.on.b
xRS FulfE LRGSL SRR Bl ot PRSHDRD hort 1 Th kiR £8¥ the

ligh@oulteris highest ! Mae bitgttios officidicy Of the,light @hifacXs wakinQlBgion
527h have a snaller base footprint 529 and hi gher

mayERRACPEINEPTthe prapesf of Harmingéon grticrord by holight exgacdors.
/A0 Rl alh GRS R iyt TR ARERTBsg hrein. e

replichtiom toak miichf mayedriygrideinydiil, siicerc er othyr hgtapleas@atials comprises
Wit hin egion,. making it desirable to equalize.the

thy I}eéﬁteveo(?&téﬁgg%kuﬂgﬁea&lr?wp mgéflwqtmggd PISHISP i cxigactors.

ThE Gk Replfch G Bollal bl HRHE #oRSa Mastkt Bﬁ@@lb&fbp%ﬁlr ®r&lectroforming
regionis not uniformy illumnated by a | gh§ sour ce.

theThétsl, moah-asmiidkel, migaipstithe mhftanamiaubsaquénthmetdogingithhmaster. A

..Source,. e .conpensated for through t.he use of
SR SEHGTDn doAE TR B BAe BoFP R bAUNNG Tovin et og the master and
Sw&@@KMﬂ%&@ﬁ@thﬂkqn@%yraction efficiency. The |ight
extractors in accordance wi th enbodi nents of the ,
i nvdhe msateprapapee fpsmgd uping ahaddehotenfpbetalithogsfphicerocess which
. Light out 1.5 hi egl. 0n. . i.4: 1w key:.
s deaeg R ol Sk s B R By E gl 89172 0: ik
be@Xiht @bkl byrefdighce € The mult-photex AMlotthobia@hic process involves
. extractors having | owest efficiency nmay be positioned .
IMGgeaviee PpasINE PUISHN Ao H Grboracactiyp cogprpitien todight sufficient to
[ . FOR | Cl i.ght .
ey PR eI GORP AL ARl SEDRATS, Abrck Dk Bfiag pppone ecid
or eadmahinitidted Chamntal atdcann eshper the napodityort lhexpasgthto the light, the

. extractors. replication tool y be_used taq
IMEEARISCSPASINR 8CINE SRS 0HEL ad@éf@mn@éfds REPLIVS to fpfdne at least the

suﬁfdel&f%ﬁﬁrgmyto%?ht Ao Sl B cGREPT | se metal, silicon,
or other suitablle materials conprises
Reactive Species

Reactive species suitable for use in the photoreactive compositions include both
curable and non-curable species. Curable species are generally preferred and include, for
example, addition-polymerizable monomers and oligomers and addition-crosslinkable

polymers (such as free-radically polymerizable or crosslinkable ethylenically-unsaturated
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the negative of the |ightguide features including the
protruded or recessed |light extractors. The netal
w0 e@bioz2td on tool may be made from a nmaster byPCT/US2008/075018
el ectroplating or electroformng the netal, such as
ni ckel , agai nst the master and subsequently renoving
the master. A silicone replication tool can be nade by
spez;%ﬂsuwducang,u for ewmple. asivhatesg Alcthpertaies, gad t:@“ranamyl compounds

o RSEAUE LTRSS S TP IR e
catvd'mh@ﬂ'lylfcﬁosﬂhﬁlmblehﬁﬂymérs ¢whivhspycievane thokt c$mrﬁ’d51dy IaSﬂdQﬁ'ﬂjlated and
plication 60/ 747,609, which has been incorporated by
Whﬁg‘ﬂ@?l@ ot o FPPXIBh FIh RSt wapetﬁ&@%pﬁps a@@dﬁ%gge, and
mikivREs,f magewi se exposing at |east a portion of a
phot oreactive conposition to light sufficient to cause
Si rrﬂhttdﬂeeuhsleat@skby-pnwmratcﬂ sa¢c1¢seaasdest:mbeqotﬁmtammple by

PubDSERN,l PO, D30 8l S1E, 30,000 0 DL LR

26140 ihé198d mohdredi- rmﬁwﬁ@c@m@%ha %elﬂﬁﬂcﬂgatéﬁ(ﬂ’)ﬂ &Qn@tvé nhd“ﬂhyl

a pattern that is effective to define ‘at |east the
acrylatd, aneghyd imeshasrylatal ¢thyl asfylate ghepremtl mzathacoyiatst v- b@t}d perylate,

stefuﬁ/?a%rﬁla e ‘gﬁ)elcatc%ate C%%réleqlac%ﬁcger glgﬁ}a alglgr%ll]at SFhalbe[nggfgIcol
diadRdate Qlictileaddvco$ ARCHESe, tﬁ&ﬁ@bh%l?@ﬂ dire@ha@ir@agen®padpaiediol
preferred and include, for exa

dlaaaféat@,u lodrPpRYeriol dimpthacirkic ﬁ%mgthah)élprepar@dﬁﬁfrrgla&né 2,4-
bu@fdhibl t(P e(ElEaI%F@Llﬂe, rﬁg‘%” Z@{)a%&ﬁ&sdlg rﬁ ?é ta%rPrthrltol triacrylate,

ree-ra e or C I 0SS
pelﬁheh‘yihellmlGﬁkdayry@s,qieufaaltyddﬁpleteirﬁﬁeﬂlmblath Barbitbldrexacrylate, bis[1-

Q@ gg;gggjﬁag L lg{r%tgﬂggh%ln%g@b(? oty B hyarsk s -
prc@%&&ﬁ}{éhﬂ% brh ¥h PRAYIRE tﬁ@l@cﬁo{%ﬂﬁzm&yeﬁﬁgaté’ 'tﬁrﬁ&HEJr?laén fhe bis-

ationi cal | y-ctrossl i nkabl e pol yners” (whi ch species are
acnybsds and Ibmambghamyladesl afipplyathetbna rgiiyowlsl aﬂmmlcmﬂardze&ngltt@bout 200-

50@ nglﬁglerigaa é( {ngﬁareﬁ.log %‘E}V@g I?frh%}o& S s ats gfmtsg o?U §tPCate)n’t No.

4,680k eaﬂdca@wlafte& DRSS LR SRRGsE S 1BS o698 Sol hesh?, e,
exanpl by Pal azzotto et al. in U S. Patent No.

unghgasd emidastfos skumpleamethiyleae bis-acrHrmidgghmethiylona b3 | i ne
rne%hatc %eﬂgld{e,gf% Lﬁg n%)cﬂ olene ISI abry??ﬂ?]]glig o(llgthf}ll%ﬁé( tr%?m a}crylarmde

acr
and@étbl&hﬁ‘d’cb[dcﬁ;ﬂ@mnﬁbﬂlyl maﬁlwﬂy&tt@), vmpwnqnmhdmbh@@mﬁl@ts@rene
n- hex acrylate, stearyl acrylate, allyl acr

dia&y&@gf\{@ptedqhg@yw@p@ateg filyggql adipate; ad)éir(yylgy]ephthalate) an& the like;
anf {IE%{H%P A YSFO lSugé éékﬁ"&ie%olglklglts I?Xélﬁ&el%lyrﬁ&]s with pendant

di acryl ate, trlet
(melthpeetiate rydups ot ¢>8H1pplqﬂmnm(gl fadm ditaebout &0 eémeth)acrylate groups per
poél?;r}?’eégﬁa?}ﬁagggﬂlgﬂe%oﬁsuc ellrsa }n%Iudte rallrorrrnea}tlré a|01odI (p et gcnr(;late half

ester resins such as Sarbox ™ resins available from Sartomer (for example, Sarbox ™™ 400,

401, 402, 404, and 405). Other useful reactive polymers curable by free radical chemistry

include those polymers that have a hydrocarbyl backbone and pendant peptide groups with
free-radically polymerizable functionality attached thereto, such as those described in U.S.
Patent No. 5,235,015 (Ali et al.). Mixtures of two or more monomers, oligomers, and/or

reactive polymers can be used if desired. Preferred ethylenically-unsaturated species
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butanetriol trinmethacrylate, 1,4-cycl ohexanedi ol
di acryl ate, pentaerythritol triacrylate,
w@eowasasyl hritol tetraacrylate, pentaerythritoPCT/US2008/075018
tetranet hacryl ate, sorbitol hexacrylate, bis[l-
(2-acryl oxy)] - p et hoxyphenyl di net hyl met hane, bi s]
1- (3-acryl oxy-2-hydroxy)] - pgéopoxyphenyldlnethylnethan

includetacrdH o penysicHgid (ndpenlatahadl estorretinm end pelymerstthe have a
hy @B aE) 1Bk S pPhn (R RS Bt S e PR YO GRrizablc
ﬁn&dpmﬂyﬂammmabﬂﬁnnmxtures of acryl ated nononers such as

t hose. of S. . Pat ent , 652, 274, n acryl at ed

ol i é&ﬁﬁéﬁr %C@@@waﬁg r?ar'fag% Sﬁﬂme@ ats dgsgfibedy foygxample, by Oxman ct al.

in @%2 Phefid NoéJ '3?}8%9@%%9 65 A8 ahfi ﬂ{chﬁfé;k?@%fresfﬁ@ t Ry LB RS erials,

bi s-acryl am met hyl éne’ bi snet hacr
brobdB- dadird ppaxigdsemelulde sromomgtiarpaley, codipeuhdd aepbridasoithe

PO B A1 06 A oD GHH T RROREPRligy Jheanatrial

ge&lrﬁbl YdvePdH heladéBge, dt &)l po‘-f%ﬁ@rﬁiﬂt@feeepogy gfdﬂqﬂpeﬁﬂﬂo&@hl%
nd “di vi nyl phth a%ate) and the e; m Xt ur es

(pr@ﬁearbésofat lesal afoabﬂ b5 pedandry erqf@mblbreattsleash@qud 8). pbhypadymeric

ep%méﬁs 18(?1*1? g%l lt% Cl{a)(fl ale rn%r %lueg)85r4¥/lg roups o gfa )lbaénpéeera diglycidyl

ethl@f)bﬁ/i@dly@fﬁﬂ@lenEWl)@pol?ﬁleﬁ;lhéhlﬂg@kylﬁﬁll xirdielundte (for example,
aromatic acid (nmeth)acrylate half ester resins such as
polghptggiene palyproxidedi ndIolmers hiSag Pyspt f(noesv SEQRRpios example, a

o FETR 8B SRl B T ACOb L R oo

can behirderck bﬁs&nmﬁinxdmrﬁalhh@tonbme) ar mpelr e:may faydups per molecule.

backbone and.pendant tlde gr.ou
T F%eee@%a?@aunr‘fg fB%tF%lé P‘f‘ @rqﬂdmf ﬁ@ﬁ‘é‘ﬁf? of thelr baslhgne and

suﬁshﬁfeﬁ{ %‘ouﬁsu Ofor %§aﬂlﬂl‘83t‘ﬁe @Qﬁ%h@ eth ﬂ)é‘oMn? tyf@érﬁ:bhbh@uent groups

15 (Al et . Mxtures of twd or
themmmma_e tbs any iogyp rtmtsipemrd/solvstaIEaﬂy iinterfgro wytherag ogia wuteeat room

used i f ired. .Preferred.ethyl enical.l turate
e Eiied 1TSS b P TuS IS SRR i ipcl Ry R groups.
eth'@l%' §ulﬁﬁﬁ1&r%r61ﬁﬁ| fAfoxafdEolfN, YITRY Srolipka &% 8eroups, and the like.
ydr ocar by backbone and pendant pept e groups with
Thﬁ n@éequé&ﬂ meeaght pf theloparey-rompinmefrogtetiale azn vary fign ahomedl to about
Sui tabl e cationically-reactive species are
10%2@@?%%@53 for exanple, by Oxman et al. in U S. Patent
Nos. 5, 998het2poancorfiaifd, bridnthat feludeal by gly@sdyhsther
Such naterlals broadly cal |l ed epoxi des, include
mokgR§Heithe kb/conpounds and epoxi des of the
pol yneric type and can be aliphatic, alicyclic,
aromatic, or heterocyclic. These materials generally
have, on the avera®éOGH,+e&31 -+t yneri zabl e epoxy
group per nol ecule (preferably, at Jeast about 1.5
and, nore preferably, at |east\abo(Gt 2). The polyneric
epoxi des include |inear polynmersyhaving term nal epoxy
groups (for exanple, a diglycidyl

where R’ is alkyl or aryl and n is an integer of 1 to 8. Examples are glycidyl ethers
of polyhydric phenols obtained by reacting a polyhydric phenol with an excess of a
chlorohydrin such as epichlorohydrin (for example, the diglycidyl ether of 2,2-bis-(2,3-
epoxypropoxyphenol)-propane). Additional examples of epoxides of this type are
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et her of a pol yoxyal kyl ene gl ycol), polynmers having

skel etal oxirane units (for exanple, polybutadiene
w@eiogepesti de), and pol yners havi ng pendant epoRGT/US0$I875018

(for exanple, a glycidyl nethacrylate pol yner or

copol ynmer). The epoxi des can be pure conpounds or can

be m xtures of cogg@unds cont ai ni ng one two, or nore

desepiord/ ingd SuBatepidio of EM&}QQ}QQQLGG and
Nel/pf.€ C@ﬁawﬁgﬁ %%Ykgﬁﬁékk¥mkﬁukﬁf nature of their

backbone a DSt tuent groups.” For exanple, the
bac kKbansbee afi cd&amefcuaryyavhyﬂﬂe ek ysudrsdnhdrsienitesigk ompbe used.

thereon can bhe any oup th t does bstantl ly .
Eppidey Parae iy axilaBle s ué%remabﬁwtsirﬁb osiadscal enebxide:
eplkgl: (\;b;lgggﬁ' HreRE oREE; mlﬁflb%l e§é‘tﬁs&1fé’ %’}‘mcﬂﬁ gﬁ?ﬁd&l'}ﬁéﬂ@&yla‘ce

ester ar OUpS ers oups
digdy didpl attergofdughenaliA (for gxanm,ms thqpk as pid] eurgleo thedradaddsignations

bR AT TN B EPON Ut EreN 0GR o BT o0 a0 B o

Heﬁ%@pe@anf CHERRX)S GRNINhPS, DRhesiBdislytiagt etﬁéreoﬂb‘i%ﬁl:é"_ﬁlzol F

i ncl ude yci dyl et her nononers of the fofmula R
(foCpr DMyt Qse@vmhaéﬂ@ulﬂler ﬂ@ teﬂdk‘;dlemgnat@myl ABMDHE@X 81" from
| es ape cid "
Cl]:b %R;%la CWI henhcea(ri;soﬁgl i rn%aawby a§eg 1tz|%%la%c? ﬁP@&I 8062 from
He&mrgﬁecfadty Ehaﬂmcal@g: BR&Y. Tthé a@&h@tﬁ@épo&p Irékuﬁ;dﬁ&lu@éthe SU-8 resins
|chIorohydr|n (for exanple the di gl yci dyl et her of

awgabkﬁh§n@@cgl hspo9iipr SYs3stybAEfol ) - pr opane) . Additi ona
| ' J
bat ont - Nohes BHEbYEZer iy il kPR RUE IR PRk ot
(availhlde frandSNeStipplies, Wks&]hw&téﬂl, PA);BeoikyCd-cylchiesxeio dicpoxide

(aV%é%gn &%Pdl%ggéfhﬁ @imﬁ' %laleg A agjogﬁgxc (ﬁ%éylmethyl 3,4-

epc‘?@@%lbﬂex@ﬂ@baﬁﬁ@iﬁatb ok Egﬁmpl@ LHne %"v%lafﬂ)@é uldePiHeqFhdE %emgnatlon

tadecyl ene oxi'de; “epi chlorohydrin; styrene oxide;
“CW@BEIM)@&Q” trindeow glhyoiicd Cp., @«Hl}dtamdyMI) 3,4- epoxy-6-

B N e S e
epo g‘iloﬁe]x CS;S %pﬁag\h-%éé%x c ae@&aﬁé’-ﬁw‘cadl&ﬁ@i B0 4E" and
PON 10 rom Hexi on Speci alty Chemcal's, 1nc.

epmcmn@cyh@@yl) aigaigi(Gir psimyle, encrmenilgric brdpHsideriosignation

“ i %1 r @ L ade
¢ eS|gn |ons(ﬂ2gAf §%§ %m? ﬁi%% a é%ﬁglalty
mekigdty clahs yhiadtay Ingligape3anpotsas alcthy@ictohex dnandiboanite; and
. "EPON 862" from
dipentene dioxide.

Still other exemplary epoxy resins include epoxidized polybutadiene (for
example, one available under the trade designation “POLY BD 605E”from Sartomer Co.,
Inc., Exton, PA); epoxy silanes (for example, 3,4-epoxycylclohexylethyltrimethoxysilane
and 3-glycidoxypropyltrimethoxysilane, commercially available from Aldrich Chemical
Co., Milwaukee, WI); flame retardant epoxy monomers (for example, one available under
the trade designation "DER-542", a brominated bisphenol type epoxy monomer available
from Dow Chemical Co., Midland, MI); 1,4-butanediol diglycidyl ether (for example, one
available under the trade designation "ARALDITE RD-2" from Ciba Specialty

Chemicals); hydrogenated bisphenol A-epichlorohydrin based epoxy monomers (for
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Hexi on Specialty Chemcals, Inc.). OQther aromatic

epoxy resins include the SU-8 resins avail able from
wor@poSdsesn Corp., Newton, MA. Ot her exenpl ary BEDK$2008/075018

nmononer s i nclude vinyl cycl ohexene di oxi de (avail abl e

from SPI Supplies, West Chester, PA);

4- V|nyI-I-cyIcohexene di epoxi de (available from )
exgpie @ agpidadhlewrdecthe trqdp|d@ﬂg1p@é@n APPNEX 1510" from Hexion

S EERPLE AR o ALY BAORTEF g o
exdmpldsondeshiftbdd unier tlfé\f%@ldaﬁglgﬁﬁjm 'OENA3 1'f andDBNV438" from Dow
ep

Che ical Co., Mdland, M
qr%ﬁew @éﬁ@?gﬂ%ﬁ wyget%ble lppshyps spwgglﬁg,ci lipsprd aprbseyigan oils
avéi?a%fé%ﬁﬂ%@tth@ vtraae &%l@ﬁ%ﬁ@ﬁ’sx WEXD D> %hd “VIKOFLEX” from %to4ﬁna

5-spiro- 3, 4-epoxy) cycl ohexane- net adi oxane; bi s(
Chepmxydyhﬂmhﬂdydﬂhwmyl) adi pate (for exanple, one

@\I/Ei |6 ig |8 %dgﬂ%ﬁ@[%@ﬁ@tﬁ rgﬁggyaq%g% C?l}(%-o @iyé %R@giﬁ%e@ commercially
avdIRb¥Yk&h H‘e&%@ﬁéhﬁﬁﬂr Bk B P &L {Columbus, OH) undgr the trade

3, 4- epoxy- nethylcyclohexane carboxylate
desjgrpaélntl ENELOXOXT.dBxenglptyl mendreqrs méﬁpl“ﬁ&@éﬁMO})@@hg 7 (a Cs-

A PRI e S B IS 1 L B o,

“HEQBE{Y’ W]}?BHERCHTIE’F(MQ@I glytidgl eth&},t“(HEL(BQY,MQMFER 62" (cresyl
| anes or

| e )
clyidaT EheRy PP SRR 65 (reekbuyheaicelgpidy! cthen), “HELOXY

MO D TS AL AR, o B T HER RS ¥yt of
nedﬁeatylda glyebby CHEILOKEYOM{DDWERHHWQ (dikbreidsk antrpﬂ ﬁ,54glrl1 e

r n - L .8 .
Cﬁ&%ﬁﬁ igalh E#%OPE%EO@E@%%Q%' AR A
eth%w @EWM@IFIEM4@" %%etlwlal prépdhe Wél?&ﬁ?] Qher) “HEL&XY

i'gl ycidyl ether (for exanpl’e, one aval e under t
M@D&"cFeR aé’é(p@tmlyomciyl ehiRAb DiiTEipRBE @ bolfyolp.randi‘ HEE ISP E iMODDIFER 327

hydr ogenat ed bi sphenol A-epi chl orohydrin
(Wﬁggﬁﬁﬁgﬁngdﬁ%noners (forexanpl e, one avail abl e under
t he dtﬁ@%@eﬂ?@o&@@édu@sﬁcon@?@'%&l%@rs offﬁ&?hb'lﬁé‘iti%ﬁ‘ters of glycidol
Specialty Chem cals, Inc.); polyglycidyl ether of

(sushenslyctdy} myla@rﬂyldglmdbd maﬂ&ha(cmwe)ewahpn@ or gaee copolymerizable
Vlﬂy%ﬁ%g}ﬁs S rﬁ’l}ﬁobgﬁ‘l cﬁlgg%qqy%&%%’?et |- ?gtyé%g%)'-:glﬁg’ gi%l ﬁ&ﬂacrylate

and égahabylemethacylaticdlyaidylepeopatd] Defibrlusefabasbxgmekimaxbeail known
oi | s avail abl e under, the trade designations "VI KOLOX"

ancbﬁmltalmsm o popRigh eroksd f@ﬁeﬁllk&’]é’P% oxidRs (f%@iaﬁmlea propylene
OXﬁIAZ/ st S Qllke r?%reﬁfr%%: fng P%ag} eéle]?)‘rio rr? %élalg clldyl esters

(foSpmn;ﬂbte]hyﬂ:Igmdaad)s I nc. (CoI urrbus OH) under the
tr a%eseful epoxy-functional polymers include epoxy-functional silicones such as those
described in U.S. Patent No. 4,279,717 (Eckberg et al.), which are commercially available
from the General Electric Company. These are polydimethylsiloxanes in which 1-20 mole
% of the silicon atoms have been substituted with epoxyalkyl groups (preferably, epoxy
cyclohexylethyl, as described in U.S. Patent No. 5,753,346 (Leir et al.).
Blends of various epoxy-containing materials can also be utilized. Such blends can

comprise two or more weight average molecular weight distributions of epoxy-containing
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desi gnation "HELOXY". Exenplary nononers include
"HELOXY MCODFIER 7" (a C8- G o al ky glycidyl ether),

wO REb@$1MODI FI ER 8" (a C 2-CG 4 al kyl gl yci dyl P€t/og20p8/075018
"HELOXY MODI FI ER 61" (butyl gl ycidyl ether), " HELOXY
NCDIFER 62" (cresyl gl yci dyl ether), HELCMY MCDI FER

(p-tert-butyl phenyl glycidyl ether), "HELOXY
COW@EI@% 'S [y 91056@11 weghh @ielayy 2Q0)4 nsermedia mplecular weight

catobr 0 DR PP o Bh e BFREMOLY oY Bldkmasvely o
addiyichadlyetarpdiyekinaan Ich)ntalnl'ﬂbléﬁﬁfoﬂ\@k{f-EEhtéﬁﬁng materials having

[ hyl ol h | dy h , " .
difes 'tgﬁ%wcagnat%fw ek %S;f:lgn %é‘lf ?{ghlﬁgﬁg))g%r)fﬁlill_lﬂ%%éf%&Wh as polar

and B e el B A EERE%%BY?%% Tyeryes ™

cmdwkmmxwﬁgbenﬁbhﬁHMH¢efdﬁme¢oxy resins conprise

copol ynmer.s of l|c esters, of cid suc

Yo tyr Ph et s B R P o it
EPON FRIME aCARSIYARHIHEARIneSpecittly (HRARQI) o, afKAITHLS r&fins

such copolynmers are 1:1 styrene- egC|d I nethacgglate

avaihalilcifram picrpgthemeCorac Nevden l\éAymcthlnga?éP WMPR 10 htéuppable SU-

SR T AT B0 P AU B0 P v
the@¥Anpl e, propyl ene oxi de), styrene oxide, alkenyl

oxi des (for_ exanple, butadi ene oxide), and glycidyl

est epialle é%tw@ﬁléhﬁaém%mwles aisg énclgieainylghisr gonomers, oligomers,

o R G LS PR SR gguryt vinyl

ethér, 250bnipl ?m@IEeﬂhbte ﬁ@tl@;tlet&lg)ycol/\dilivﬂiyl ather (MTEIEUREI IDYE-3, available

| I abl e %%C}a&})\(g’ﬁglcf% ﬁ%br%&% pﬁ papér ?rfyZneylae‘[h%r and

theSVtC‘Pgﬂ/I]@ﬁ Q{Wnﬁ%ﬂ{%r R&ER fﬁ%’ﬁfidrﬂé& et WG idn SRAX W (%} example,
groups (preferably, epoxy cyclohéxylethyl, as

VR(E@MiBERe B 12nVBCTONPER eltit] 0 NGECTORSIBR 3451, (abd IME(EEOISIER) 4060 and

Bl ends, of vari cont.aini ng mat eri.al s..can .al.so .
e Rt e roBr Rt SR DR, BB s thms” Bihds din
any\BioPbitioRY 6 GiCor b8 & iHyR bthweicgit al‘i’dl/&t SndBHH A %F@)fy resins can also

epoxy- cont ai ni ngconpounds (such as | ow nol ecu

be welizad: Pobdiydvexggonctionak metetialis dtush us theseHescriped. é@nexample in
0
A T i e L R R R

and/beviaplostyertfasitibonabmaedakai n a bl end of
epoxy-containing materials having different chem ca
nat @scu(aéf&%wea@s Hiclysisator exappRic aicateipelyngsrs whose solubility can

be iR é:atsécpfgﬁin]' dt B Dr RGN rgchlcpc?{e%tld?g SSCLEH @ea%ﬂk@é%lyrélt sgrﬁélude, for

cat1 oni y-reactive ners as vin
examgle f dyacduskiajoldda palgdictd aahg ystbegrommsahpamabe donvekted by

desi r ed.
photogenerated acid to aqueous soluble acid groups (for example, poly(4-zert-
butoxycarbonyloxystyrene). Non-curable species also include the chemically-amplified
photoresists described by R. D. Allen, G. M. Wallraff, W. D. Hinsberg, and L. L. Simpson
in “High Performance Acrylic Polymers for Chemically Amplified Photoresist
Applications,” J. Vac. Sci. Technol. B, 9, 3357 (1991). The chemically-amplified
photoresist concept is now widely used for microchip manufacturing, especially with sub-

0.5 micron (or even sub-0.2 micron) features. In such photoresist systems, catalytic
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Preferred epoxies include aromatic glycidyl epoxies

(for exanple, the EPON resins avail able from Hexi on
wep@eioadstyy Chem cals, Inc. and the SU 8 resi nsPCT/US2008/075018

avai | abl e from M croChem Corp., Newton, MA including

XP KMPR 1050 strippable SU- 8), and the like, and

m xtures thereof. Mre preferred are the SU-8 resins
spegis (ipscelly Bxdropen wap) cagbicreangrated by ilprdirtiqn. mdightinduces a cascade

[ I :
of %?F%Z%%ltlgﬁs p@ﬁg brlr%?%&/e(#o{rlrsg(ﬂf}% ymgﬁﬁ?% 1n185€e919a{9?15§s that
geedrite Imorehjﬂd&bgeﬂ oy$ oedtheracidie E]giectwtt}dbreby B]Iylbhﬂiﬁﬂge]reactlon rate.
et her, triethyl ene di vi nyl ethe

i SO
Expmp o R@a&ﬁr{d@amws# Fhepti W? rYRPIF &ﬂderﬁwgqrfﬂ%ﬂévstems include
deﬁ@f‘e@h@ﬂ fer &l tt% to ¥{¥6on sgﬁ'éﬂerf@&p[? BQHﬁEHQ%Q_U.S. Patent
OVE et

rivinyl ethe e VE di vi ny er resins
Nof 446 kB8 ftbteah,ydtqwra,n (CBPH’G) msdloacoylathikbagddomateriaspl léP-phenolic

BRGNS €000, GTORB TR A s

ma®drh®y sudRAYTHRAGE YEs8FiBdd by RND AMlextcd b sn Pl Sk 24BR endis(1995), and
(in any proportion) of one or nore vin et her resins

thediket); diepglryeleazatmr(éoreqzemples e@lwnlsth@lahiebycéobased maferiasddind
reaaran% eont gf<0¥ ]@)f(al'i’llri] S mglt%l‘laln'%gs%@; altﬁepé?lgﬁoﬁ r%ra%%erg@és)S?S
(Kai saki Ifdesitd, )rﬂlxm ofldsfPerbsy tihdsldf ze@tilOspeeitbicaabd @tilized in
wi th epoxyand/ or vinyl ether functional material s.
thel\lkiWIQfﬁﬁCélﬁP EoBpREins. FRE PPl MBI tusssarfT <8, Tafisalby-Tapetive species
anOAHTRL Ay WORRE. SALKRLII ik GaRybe i ncreased upon aci d-
or ra A nduded T éact i on uch reacti ve polyners
|nclude for exanpl e, aqueous insoluble polyners

bearing.ester groups that can be converted by
phoﬁ&ggw@ﬂaaga%@3¥@ t o aqueous sol uble acid groups
(forrye ?B&B | iBriathQly¥ett 1% %rnﬁlhﬂfamaﬁﬁ{&&ma@a%%t&&lemhe use of such

Non-cu | e speci"es al so i nclude
a sgstemicoahlbypaympktiifdtiod tphotarfesi st hrmited ¢ thbdacabyegin &.a focused

Al | G VWal | raff .D. Hi , d L., L.
be@l D e R RGBSR o e HET iSO RS syiggm tha
8505 GRlchdt oNERhIfipIRAOIPRIRN GBS, APRst SRt pHIRSnitiatdr (or electron
ac. Sci. Technol. B 9, 3357 (1991) The

aceshioil, ead.loptigpgdly; a6 leept ph@@lgeté@i danog oﬁ@@pﬂuhlhlscmmnn@mwstyms can
prqy?(ge enfhgtliceﬁ.'sgﬁs?t?vqtyp eﬁ'%'i‘lgé %ﬁét% ea@t%n 5%%% {e@tean X\AIS%&EGE ?gﬁod of

mcron (or e m cCron ures.

tln&%timh@@b}sﬁedﬁ(}{ﬁg ehiedikeliRdcd oftpretspas desto(rhyvaintsl b§the sample
hydr ogen ions) can be %enerated by irradiation, which
and HERASEY TR0 49ERARATY Ol e FTROANTCrSEdE I ons.  Thi s cascade

occ We%efﬁ’ﬂ thlg%ﬂ[lggl?dsoeﬂh 815&01'11&12&&0 ﬁrﬁteﬁlec%ﬁ{p'r Q&Sphto%&lemlcally

generate I ons or er aCI I C Specl es

effbclftmeemouatmif i(#)ydt feg str@matuilaphatet photEseamplzastha:tﬁs tqprabhaajf
‘Iglggﬁg yal )é/% ggcar‘g ergstC t%Jol o?orlrlrs)lalnfi Ithea(‘EI o%tcllg}lﬁ{yebsdt %referably, has a

two-photon absorption cross-section greater than that of fluorescein; (b) optionally, at least
one electron donor compound different from the multiphoton photosensitizer and capable
of donating an electron to an electronic excited state of the photosensitizer; and (c) at least
one photoinitiator that is capable of being photosensitized by accepting an electron from
an electronic excited state of the photosensitizer, resulting in the formation of at least one

free radical and/or acid.
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deprotection (for exanple, t-butoxycarbonyl oxystyrene
resists as described in U S. Patent No. 4,491, 628,

W edopakpsdy opyran (THP) net hacryl ate -based mat BCT/EER08/075018
THP- phenolic materials such as those described in U S.
Patent No. 3,779,778, t-butyl methacryl ate -based
materials such as those described by R D Allen et al.
in Prismatisgy ethe ggtiphgron phosgsitiatos systeean pg @ pne-component

SY%%fyp ?ﬁ%?é%éeﬁ%get-og @8{1}%{1@% A1SJIIEAT ST 4R Gasepponent

mul fi-photex phploeitiatai gfsie&is&ndlﬁ&@zd:ybphdsbbmb ioraleo(for example, those
rearrangepents). |f desiredgyy m tures of different

Solfi%éég%’fmf e e ngpediassuican Sbe Atz defh 6 HpHBY! benzoy!

tHBROBHRN FARHOk YN CGRROSb1l b9 BEA SIFObrpSRATTRI B der th HHiERandd L

© ?%B ﬁgl%tco IIwﬁlfl react(l5 ve9spe0| es tand o nee ucirin ™

TPEal.) omi stidibdny dﬁﬁaattwes'mtiar@emtleml}aatmchéchmlfbmmud;alt mocties (for

e BB go £t oy et 2 Theo U e,

cochM S Mt&'@w&tf{@\@@hﬁ{&ﬁh&aisl s96h hObdeil keRf tdielsdPbe utilized,
limted to the focal region of a focused beam of

althQL@htthelS@@hl Qhoj,gts p]@mp]prt@fagn ams;,tlwltgesamﬂl\/g@ner@]dy be relatively low.

?ﬁbﬁ@% on %ﬂ eir§ Ie?eec?[ro § érlgza%t p%tﬂgirgagttorso(g? electron
acdéb@irs)ldsd:ﬂil Al tQlo- éﬁk[ tlﬂé&@drﬁ@ﬁheﬂt&ﬁﬁlﬁbﬁétbn pB&Wdinitiator systems are
optionally, at |least one electron donor. Such
desgtiPed belewponent systems can provi de enhanced
sensitivity, enabling photoreaction to be effected in
a shorter period of time and thereby reducing the
Iikel)iMQHﬁ)lmftomeMomnmemto novenent of the sanple

and/or .one or . nore o onen of the exp res
Pr eﬁvglﬂamton PhREOSTORiEIFGS SHGH cRBuESi itk %Ewﬁg%tpéﬁﬁommawr

sys(fté?HBF iR oﬁﬁ&tcﬁ(;@ @(;Hlﬁ(%llttdﬁs afd @6{d et %ﬂ%ﬁ di’fsm(uﬂ)an@&usly
l'east one mul tiphot on phot osensitizer t i's capabl

abwibisg aullcasineo phd)tymswttm dipogedato sufasent {ight. ghrofeoibdy, almd
t hat t| onal f er abl has.a two- phot gn
phéSianiseR s b blo-hiiefy 05%%%?5%%%&9& g Aan i of
flubleY&ie BRATi;grddr tRAH thansl 3 ye - 8 KH@@%pn‘b‘[ﬁ@o@n@@ﬁﬁ&Pl (3H), 9’-
donor conpound different fromthe nultiphoton

[V erntbseldgine). Zeencaally, tepubicercd trogeopestion galahe gicatet then abeut 50 x
t t
0% 9O Sa B ET5RUR sy SRR e R SET i g

J. Copu Rec.phintBsENaRt (12396) tyhidic epletdddedBy Blagddrad PEir 81 €nin
el ectronic excited state of the photosensitizer,

Intpraational Ryblication Nof BrGAP24 52 bat page Bédgles ¥E2)r ee
rad M:cﬁ‘E %?gja f?l% 't\go ﬂhgﬁhr&ggdﬁgﬁ&y croggqfecﬂylll Bf t‘ﬁ@ %h?ﬂé?ﬁnsitizer 18

phot oln tl ato S stem can one-conponent s
grdatvathancibput K8 Srms tHae aSfluanecphot, aliltmﬂatlaftlp,rgreater than about 75 x

Photoinitiators usef S oQne-co ent nulti- ton
10 P h%‘ﬂ éF?(P{’?tﬁ?’&s n%%?é'fréﬁ&lrgy ia}?&%ﬂ&% mgg& 51 TS BRE ‘i"]%regei‘i?ta@sgreater
thahfaBbu@¥adTth& offR8R&cein (or, alternatively, greater than about 100 x 10 cm*

sec/photon); most preferably, greater than about three times that of fluorescein (or,
alternatively, greater than about 150 x 10™° cm” sec/photon); and optimally, greater than
about four times that of fluorescein (or, alternatively, greater than about 200 x 10 cm®

sec/photon).
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sold by C ba under the trade nanme Irgacure(tm 819, as

well as 2,4,6 trinmethyl benzoyl ethoxyphenyl phosphine
wo@xi0de3zsed d by BASF Cor poration under the tradeCTHHI®08/075018

Lucirin(tm TPOL) and stil bene derivatives with

coval ently attached sul foniumsalt noeties (for

exanpl e, those described by W Zhou et al. in Science

296 Prefambly( ho@hptoscroitiver issolwblainitemigretinerspasiesoliethe reggsive
spBRRPLANY) &iPESmBHl, & RECEhCevER e SBd FUP D nders (s

desseibed belww) thasansiindludpelrietiad doynpasitioal dMasy peyerhlialy, the
Mul ti phot.on phot osensiti.zers, el ectron.donors, and .
PhfARNSIAET IS a8 cap Oé%e%%l%l%la% Zare%tg}slr%géas?ﬁéhwmwﬁylowwﬂne
AL . or =)
un@BLoh eSS ﬁga(?m?l% a%v)%leiﬁgtiﬂ:r?rg%egﬁﬁ Rbfhdsl (AL 95%1%_3{0%%5

are describ bel ow. (1 ot on Photosensrti zers
abddmptidnpipottamm phie phetvsértsitizer Gimpild plattdreatisorptios @onditiddg, using the

| ti photon .phpt Qi pi i at.or of the photoreactive
tesf el Ponubar e Yok MR TP e L apabl ¢ of
si mpkdfaaBRUS bNotaRaSHBEMANn Alsol RASkeclcWBaRidqh EQ@ upBieshelf stability
exgosed to sufficient light. Preferably, the
co

Givans Acrardinglyh avlectipntafe-nattetubm phbiosensitizoncan depend to some
exti%rét?ﬁc’péélzg{ ]éalrrgcgt}%a:]r%?%‘%lg{e stgslﬁrqc?% %tﬂ%teq &Is v&];ellluaosru%grcl: %Ilench%%clgg tof electron

dofliriypehpexys md/el preehiefgetur an-1 (3H), 9' -
[ 9H] xant hen] 3-on§3. CGenerally, the preferred L
cr oSatisalatly prefered paltiphatonghotosensitiasesupclgde thospedabitipg large

0, . | C
R o3 R PR B Qe AR T A 2
carbd &FGhenyI)or(dlethiydammad g8 Hrca thehy3 -Widetie)-Namlay | aamamieiunathloride
in International Pupljcatjon .. WO 98/.21521 a ge
or %@eaﬂww_é%t@enaz%%ndre% ©OUpF FSP AbPEPIOSCRYIERRY ﬁweﬁﬁﬁ?or example,
by MFRERIM PGPS 1S BEdrhATonaf PdtER PRBALRDE MR WAPD8/LF521 and WO
greater than about 1.5 tines that of fluorescein (or

99/4B245. riEhd foet glassgs et er destritredats Gotlowis (1) DEl&Mlasriv which two
sec/ photon, as neasured by.the abqgve nethod); even ..
dopgyr @ e;fpameéﬁw, Coawa‘tegﬁf @Haﬁ‘ﬁe%&gl“dﬁ% bl RE T which owo
I, e h
ol B GRER e Bl coBU DI QI erro R E Ll A0 BRAMA o one
or abeutlcdtionecéptimgréupds (comoldcutas @s elich tivoracceptors are connected to

al ternativel Y greater than about 150 x 10 50 cn%
a copiE MR oY -closHan bpdesand (d) melectesinpHuch Fpmecenteigrare

t that .of fluor.escejin {or. alternatiyve qr eat er
corelRA 1,8 Spmiitd * 672G Einb S B E LB Gt G Fimore
clePhot OSRRRL okdAPE (Wherd Gbﬂﬂ@%e_e nhdan$ B énol @Ak ifMemeREBAERNHdts two

the reactive species is Tiquid) or is conpatible with
or pigee ¢heguedl geouppe dioper” apcengin hogher gipwiiel dongevith a low ionization

pot‘%ﬁ@%clrtfga]?g:gté ng&v}?ed&% gtcor?j{lgatie(? & l(]gl)'lisl-eefjecj[rgn qugge(,: oy Qascicé]gi)t(o)lrr’]"means
an atom or group of atoms with a high electron affinity that can be bonded to a conjugated
7 (pi)-electron bridge).

The four above-described classes of photosensitizers can be prepared by reacting
aldehydes with ylides under standard Wittig conditions or by using the McMurray
reaction, as detailed in International Patent Publication No. WO 98/21521.

Other compounds are described by Reinhardt et al. (for example, in U.S. Patent
Nos. 6,100,405, 5,859,251, and 5,770,737) as having large multiphoton absorption cross-
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phot osensitizer is also capable of sensitizing
2-nmet hyl -4, 6-bis(trichloronethyl)-s-triazine under
w@oowiosasadis i rradiation in a wavel ength range PEEUS2008/075018
overl aps the single photon absorption spectrum of the
phot osensi tizer (single photon absorption conditions)
using the test procedure described in U S. Pat.
secgionngltbauh thessieepsatsFgtions WekodeEHBed by e methed oalhes éhq@éhat
de&;%g&g&g,based in part upon shelf stability
consi &tions Accordingly, selection of a particular
phoPedens] pliczeknsiarerdioridd thofol owingecohgundip@nd ttietures
particul ar reactive species utilized (as well as upon
theg¢d):choi ces of el ectron donor conmpound and/ or
photoinitiator). Particularly preferred nultiphoton
phot osensitizers include those exhibiting Ilarge

nultlp ton absorptlon Cross- s ons, such as

Rhoda t hat [9 (2

car box f{i;?6%§ﬁ£§§h¥%aj 3H xant hen- 3-yl i dene] -
N- et hyl etha ni Io or --xafluoroantlnnnate)
and th ur clas of otoseq i'zers descri bed,
for exa by Marder an zJﬁérry et al. in

Internatlonal Pat ent Publication Nos. WO 98/21521 and
WO 99/53242. The four classes can be described as
follows: (a) nolecules in which two donors are
connected to a conjugated p (pi)-electron bridge; (b)
nol ecul es in which two donors are connected to a
conjugated p (pi)-electron bridge which is substituted
wi th, one ol nnrelﬁlectron accepting groups; (c)

noleéu H two acceptors are _connected to a

i ) - X eMEEL 6 o Pg €S dhd “(HY" nol ecul es

bri dge which is substituted with one or
nore el ect on donati ng groups (where "bridge" neans a
nol ecul ar fragnent that connects two or nore chem ca
groups, "donor" neans an atomor group of atonms with a
| ow i gni zation potential tha an be bonded to a
conjggdted p (pi)-¢ ge, and "acceptor”
means=an # i

affinity N+ > 4!5 D& conjugated p
(pi)- ' . @ above-descri bed
cl ass of photosen5|t|zers can be prepared by
reacti ng al dehydes with ylides under standard Wttig
conditions or by using the McMurray reaction, as
detailed in International Patent Publication No. WO
98/ 21521. O her conpounds are described by Rei nhardt
et al. (for exanple, in U S. Patent] Nos. 6, 100, 405,
5,859, 251, and 5,770,737) as havi '

absor ption crosss { ons, al thou O
Cross-sections we det ' n\ed &\
t hat ; { N\

(0]
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descri bed above. Preferred photosensitizers include

the foll owi ng conpounds (and m xtures thereof): where
WOX2008/06X813 PF6 , SbF6 , AsF6 , BF4 , CF3SCy2) BP@DUSm™NS/ 075018

Donor Conpounds El ectron donor conpounds useful in the

mul ti photon photoinitiator systemof the photoreactive

conpositions are those conpounds (other than the

phot osensitizer itg Q apabl e f donati ng

an electron to an glectr ed statg of the

phot osensi ti zer. : SIS usqd,

optionally, to inc[ease

phot osensi tivity~6f the phot0|n|t|ato tem thereby

reduci ng the exposlre required to effect ghotoreaction

of the photoreactive conposition. The el ectron donor

conpounds preferably have an oxidation potential that

is greater than zero and |l ess than or equal to that of

p dlllﬁEh@t_«pb eCo!EQcafmisabl y, the oxidation
al S bet ween abo 3 and .1 volt vs..
D el daPor B nd e o e SE Rl g i igitiafbr sysigm of the

ph@bRGEMRICoi IR ioR O AR AN cbﬁlpahﬁ@, (Bthef &&Eﬁﬂie)éph%@ﬂsb'@lt@zek Rself)
the reactive species and is sel ected bas in part

thag p@n:apﬂéq: of danabng pn yle@mwobeﬂreé@qtr@n@ qrasedigate of Bed

bl e don neraII able
ph(laatﬁ%er ealszlern ;gutc cotn ounéio Jgay, uerues ' 0pt1 nal}gl 90 cE aelsnestlgf: rnultfphoton

phPB @R G bF HR ph@mim&atbt St Qﬂerel%}pﬁ&l,iélﬁg HQ dxp@ﬁire lquired to
t he desired wavel ength. When working wth
eff@%tmh@ﬁ@r%aatlmyofff@a@h@tv&eag%‘@c@@@osmﬁas hg ﬁleptr@tadwrtcﬁ@pounds
prefehb il BPEAIAN G il 1P SUARALAM, A008H BRIRRH Blqual o
thac af pdnnﬁhme}a:ehia‘nn P(&eablyf the ogidanph potehtie idbdwuasabont 0.3 and
in U S Patent 025, 406 et al.) at colum
IV?HVFﬁh%a T Fﬁwaﬁﬂﬁa%@Fiﬁﬁc%0&5?§29%9)) I n general,
el eqit 91%096’[{‘96n09 QHR s%}éb%%ﬁn%bf olUbEEinthe Fbactlve species and
particul ar hotosen Itizers and toinitrators can be
is @@Icwdtbasbday p@Umpan sltrﬂjf sttaiahty)@odatier@nomas fesdubed dve). Suitable
d otentials. of t ree conmponent.s %as d cribe%} f.orf
RS AYS1 gEnCTR LY PJ"‘@ IAffFasEs the Sesss, °§ %re(qf q et dgpsiyyot a
phSFRCiRRL c%ﬁﬁﬁo@iti%n @PBn BSHITRRIY 'hgﬁ*t (ﬁ%ﬁ?@ﬂés'ﬁ%ﬂ‘ E@Ivbl)énétﬁ or
exanpl e, i t he nethods described by R
Ph o%@mamr meSeitts fatiopicelly-raistpe mecms, thqn&,eé&ékwen Preeasswill
rec gl%g\imagﬁl e‘fe%&ag o gccl%r}pégmé ffg n%l 1111 aglgrgagsz%?yg San ér,’}i%ersely affect
the%anbﬁeseas:tlemr (SebJ foireﬁdiﬁpla,uﬁé d@éusﬁhﬁmh 818 WPateMdNo. 025,406

(197 Z C. nn and K Bar nes
(Opmae efado ﬁb‘%ﬁlw@n 7RB%€<;@2 éhf@ugmccrlbmaéu lipg49. zsyst ens

( 19?19 ene e&@éﬂ%% oﬂbrscc duﬁ% Slflt%‘:)%tfblv e 1cu1a
e onor

rel at ronshi ps an can be used to gulde
photosensitizers and photoinitiators can be selected by cornparlng the 0x1dati0n and

reduction potentials of the three components (as described, for example, in U.S. Patent No.
4,859,572 (Farid et al.)). Such potentials can be measured experimentally (for example,
by the methods described by R. J. Cox, Photographic Sensitivity, Chapter 15, Academic

Press (1973)) or can be obtained from references such as N. L. Weinburg, Ed., Technique
of Electroorganic Synthesis Part Il Techniques of Chemistry, Vol. V (1975), and C. K.

Mann and K. K. Barnes, Electrochemical Reactions in Nonaqueous Systems (1970). The
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conpound sel ection. Suitable electron donor conpounds
i nclude, for exanple, those described by D. F. Eaton
WO poosdsanEes i n Photochem stry |, edited by B. ROIEHS2008/075018
al ., Volune 13, pp. 427-488, John Wley and Sons, New
York (1986); by Oxman et al. in U S. Patent No.
6, 025,406 at colum 7, lines 42-61; and by Pal azzotto
poientigp reflegt 1glagve pagrant elletPnSlSlPS 514509617@ used Enguidnelgctrqn gpaor
o gmh{arsg hogol um 5, line 18. Such el ectron donor
oun Include am nes (including triethanol am ne,
hy d Saizatieclettrdl dommz abinpyaide ﬁlﬂ:.h&iGZfdit@kampLe those described by D. F.

Eajon pw nﬁ@gﬂg@%&t G 3 gﬁ;@g@qeyﬁﬁme 13, pp. 427-488,

IWWM% L) RBET) NeW&%%légdgCWékﬂﬁn RhospHhe fsamtgﬁﬁ% 6,025,406 at

(1 ncl udi ng thioethers), ureas (including
commnol; ﬂme&;ﬁ}z 6L‘,Ldnﬂrhyd’a@zzmtsa etradl 10 RES rPagat No, 552565760t column 4,
ferroc its sa
ingy T AR tsdiine SR e ﬂeﬁgwignorscgmpgums BB
(1n?l%ﬂfn§ tﬁéth@ﬂdﬂé’rhﬁ@ %ﬂk@z’i‘ﬂ@ ¢, 4tﬁﬁia%ﬁ§/@1d{2 2 24d fhneS@iphSny@dmine (and

kyl)n(ary I)rrborates n+ m t'et r aal kyl ammoni um

its ﬁmhegylph@éfpémem)i trlmnybtssnwgmg@hemmqaidﬁhﬁdmp@wﬂmmosﬂan%)

arm esgmﬁﬁlfﬁ%%r%hco ?alflmn %)r gm%rlsz @ﬁln(gp 10Fth8ﬁ?qf?ai§%nc ud¥ng

thlblﬁﬁis)ﬂ sulfirdé Yeids aﬁﬂthaﬂr lsﬂfsyhalgfdflﬂ@ﬁ&c (uilaé a8¥caBiRlaeid MdGR salts,
npounds as -C H7Sn(CHs) 3, §CH 3)3,. and

dﬂbl@é@fhwcwdrﬁr@ itympHy, satedfrpe tes Sél 8o fYleng diamipggetraacetic

RS RULET90cooT0 6 5L SR SR AP

vat@us-drginenfeed lincprepdasitls tuohmts §nM’adirhp@uﬂda (WherpreedheR ied
el ectron donor, co un con n an ec ron._donor
indSpgep L eps fran}ﬁnr%ftggﬁﬁyl @@;Eﬁ)aﬂw ffn&gl) 1, and alkaryl

r g n
2 e O, PR AT R RaaLp @“%?%%@PE%’ ot
(beahzyllaﬁn(a{@ﬂﬂsPrfefrmen@dmd mhlmlekee hmttrmxmresl teozofc dhpelentien donor

ST i RS AR b i
su&ﬁﬁ%h@mmﬁlcuta%l&%é‘[@ﬂ@dl IRt RSh dHAY beibd\fids BEXMInam di&tron donor
2,4-di methyl anil'ine, 2,3-dinmethylaniline, o-, mand

atoph (sopluicH WEOZED @zymnph@phqmmpykfmomm) and an abstractable

T
N, NPrdi]:I@é(thﬁlb eledtroi a@mredn@mmﬁ 1nclude alkyl-, aryl-, alkaryl- and
N, N - di et hyl - 2- but ene-1, 4-di am ne,

arakmanam%quampl@ %M%ﬂ%ﬁ@@mwpwpwﬁm@e butylamine,
trl%ﬁﬁ%gl}{ﬁeﬂﬁs%ﬁfng eﬁéxg aﬂﬁne % £q n?ett%étﬁﬁ?éj '2p5' ﬁ’lﬁ{eltlg}lﬁﬁhne 0-, m-

ani nophenet’ héno

an¢prbldidnet, byﬁzaftamnnueammpwmnﬂee)\l NadimedgldieybdsaniiharN,N'-
dleﬂlyﬂp%lg?%fmm% ﬁ«@%gﬂa gg(ﬁgllyg]%h%&? rHsthgl-1,3-propanediamine,
N,N'-diethyl-2-butene-1,4-diamine, N,N'-dimethyl-1,6-hexanediamine, piperazine, 4,4'-
trimethylenedipiperidine, 4,4'-ethylenedipiperidine, p-N,N-dimethyl-aminophenethanol
and p-N-dimethylaminobenzonitrile); aminoaldehydes (for example, p-N,N-
dimethylaminobenzaldehyde, p-N,N-diethylaminobenzaldehyde, 9-julolidine

carboxaldehyde, and 4-morpholinobenzaldehyde); and aminosilanes (for example,

25-



car boxal dehyde, and 4-nor phol i nobenzal dehyde); and
am nosi | anes (for exanpl e, trinethylsilylnorpholine,
W eooows28y3 si | yl pi peri di ne, PCT/US2008/075018
bi s(di met hyl am no) di phenyl si | ane,
tris(di methyl am no) net hyl si | ane,
N, N- di et hyl ami notri net hyl si | ane,

trim@t!hgl(sﬂylﬁ@gmligm tﬁ@)@&ﬂéﬁ E.}peprgh]@g, bis(dirnej[hylarnino).diphenylsilane,
TR, S W LD SN LA B Lk e

N, Neds(Sigrebiiydrhipb yihkeyylyidemic] fris@nethylsilyl)amine, tris(dimethylsilyl)amine,

. N-.phenyl - N-di met hyl si | yl ani |.j ne, . and , . .
blSﬁ\ﬂlmegay)ﬁ%lyB'éfmm Nﬂ%@f%ﬁ‘}wﬁwﬁlfé@?ﬁl@}la Rapheml Y -diraghylsilylaniline,
and R&Y -Qi%eth%[ﬁf\lt-diﬁ’l%bﬁ ?sﬁl?ﬁﬁ{ihé"j; %Mi&%?ﬁéreg@aﬁéﬂﬁﬁw Abinitic

those having at | éast one el ectron-w t hdraw ng “group
alkyhaintihes, partinelaily thasa gavih@eteelse enc Eloctneh-wohgrawitgigoup on the

especi al ood.shelf stapility. Goo | f. stabili
R o s IR R AR ER eyl n R Tt o et
stabR@Tha s IREERh YbRincFARM cRAAAQSBRSIrE §lids ¥t R RBPBrature. Good
obtai ned usi ng ami nes that contain one or nore

photasasisitiity ks basinebiaered yBingf amminesdthaindoniteiepecerowercdelabdinyl
moﬁé{%ounds i ncl ude N, N-di net hyl acet am de,
i ethyl acetam de, N nethyl-N phenyl acet am de,

hex @ragtd hids phoframtisier chmpaeidiyh@h@sNodandtb@acetamide, N,N-
hexapr opyl phosphorani de, tri m)rﬁhol i nophosphi ne oxi de,

dicthylasiarfeiNastod phphenvbergaide hexamotay|phaspheramids:
he%e@&%}h{o%%ﬁ%geﬁlaﬁﬁglﬁ)ggﬂa?h{a%&%gw?ﬁ_hgﬂ%hgsphine oxide,
triphp @ BXinopBekiMind oxids, 3Bd (rixtGAsI M6 H 3) 4 Ar 3B
" i kb sebonegd ocra A 3
oo N R G A 35 - { Cardy (o) 4 Ar 3B
- ( CARE (H+CEHINA(QH)CH3O- C6H4) 3B ( n- CAHI) N+( n- C4H9) 4
(Arcgg@%&%n%gﬁﬁ&w) 20H ArB (n- C4H9) 3N+(CH3) 4 ArB
Ar;B (n-C4Ho)Li"
Ar;B (n-C4Ho)N(CsH)3)4
Ar;B-(C4Ho)N(CH3)3(CH,),CO,(CH,),CH;
Ar;B-(C4Ho)N(CH3)3(CH,),OCO(CH,),CH;
Ar;B-(sec-C4Ho)N'(CH3)3(CH,),CO,(CH,),CH;
Ar;B-(sec-C4Ho)N'(CsH12)4
Ar;B-(C4Ho)N(CsH7)4
Ar;B«(C4Ho)N'(CH3),
(p-CH30-CgHy)3B (n-C4Ho)N ' (n-C4Ho)4
Ar;B-(C4Ho)N(CH3)3(CH;),OH
ArB (n-C4Ho);N"(CH3),
ArB(C,Hs):N'(CHs),
Ar,B'(n-C4Ho),N (CH3)4
Ar;B(C4Ho)N (C4Ho),
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Ar2B (n- C4H9) 2N+( CH3) 4Ar B- (CHs) 3N+(CHs) 4 (n- C4H9) 4B

N+(CH3)4 Ar3B (CAHO) P+(CAH9) 4 (where Ar is phenyl,
wmapbospgly substituted (preferably, fluoro-subreT/Us10681)75018

phenyl , substituted naphthyl, and |ike groups having

greater nunbers of fused aromatic rings), as well as

tetranet hyl anmoni um n-butyl tri phenyl borate and

t et AaBUNy(G@Rbni um n- hexyl tris( 3-f1 uorophenyl ) bor at e,

and \m + eof . Suitable ether el ectron donor

con‘églaﬁgsﬁrsﬁﬁc@u%@‘ 4, 4" - di met hoxybi phenyl, 1,2, 4-

tri meChEYyRenaey, 1, 2, 4, 5-t et r anet hoxybenzene, and

the lik and m xtures thereof. Suitable urea electron

don@ﬂ%&ﬁﬁ’@? @H%cl ude N, N -di net hyl ur ea,

N, N-di met hyl urea, N, N -di phenyl urea,

tetranet hyl t hi ourea, tetraethylthiourea,

t et (whare Butiy plicmiyb maetahy INsubstiured (pretfgrbbllyi Huorespbstituted) phenyl,

N..N - di -n-but yl.t hi ourea, N, N-di phenylthi qurea, .
sutfyrcirspRiRD PR SRR DAY Ri<ar SAPCER 8! DS Propticsigs).
wellla¥ tté%faﬁ?etﬁﬂﬁhﬁ@ﬁi-unf’ﬁ-%ﬁ@zﬂtﬁﬁHexﬁzlllﬁﬁf&té QRd fgﬁﬁgﬁtyﬁﬁﬁﬁ@fﬁﬁﬁ%-hexyl-

for free radical -i nduced reacti ons include”anm nes that

tri€diuaiophemd)boratenand nixiuedsitiéregfl. noi et i es,

al kyl arnyl borate salts. and salts nf, ar ti.c sulfm

aci duttif (6 Eeif dobe EMndRet BeBloc A EMhaboiprlhios 2
triraeipOKhREz@N1 , aUsPtchemefiok figgzeric] attedik ik, dndanixexafbeof.

to inprove the shelf stability of the photoreactive
Sutdhipacp clcsion Aones cRwPrYdsriads WRMBriime Gpitorets N Natfigcthylurca

eg: f r :
N AR B e BRI e £ RS HORN ARG, RIS, NN-di
n-tatylthiowetd) W, N4 di-aibosithiplusa Nobeipheaylehiourca, N,N'-diphenyl-N,N'-
. 3-di et hyl am nqbenzoji c. aci d, 4-di met hyl am nobenzoi n,

dleahyqfai%%9?&%3@5&%{11&%%%@609. |

4- dippgt hyd éé@t%%ﬁépéﬂrﬁn%duhﬁs ffb e PRI ML RO RRe ARG lude

al cohol, and 1, 2,4-trimethoxybenzene. 3)
amifes ttloit nontamtape or Suire pibdledipH ovwetmdst alkylendbdrataaslts, snd salts of
el ectron.acceptor co unds) far the reactive species
arogpet st G b e FEr derpia racBhe Bk fion SORaonegnd can
als6 B ARl R Dif REIrOD(FONNBHRN %6 IrhFBck M) sBEE SRbiliRgoARe photoreactive

electron froman el ectronic excited state of the
commpitigrhert tomqshigtrossdutian; pomsrast, ped tACiregity) nPrdfierred clectron donor
i N TS i s
dirextRyipiéhobehdae, B iikasthyinhi@diciYoic S¢illf PainthHamir®bEf2in, 4-

.exanple, tri a%%l sul fonium salts optionally substituted

dimgthyfamineprnzgtdeniese f-grstiysaminplenapnirdp-fnaalmigophepethyl
alcBH, HLHPS Bl Ak)seBghacent aryl noieties), and

(3) Photoinitiators

Suitable photoinitiators (that is, electron acceptor compounds) for the reactive
species of the photoreactive compositions are those that are capable of being
photosensitized by accepting an electron from an electronic excited state of the
multiphoton photosensitizer, resulting in the formation of at least one free radical and/or
acid. Such photoinitiators include iodonium salts (for example, diaryliodonium salts),

sulfonium salts (for example, triarylsulfonium salts optionally substituted with alkyl or
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the like, and m xtures thereof. The photoinitiator is

preferably soluble in the reactive species and is
wee@besnid y shel f- stable (that is, does not PCT/US2008/075018

spont aneously pronote reaction of the reactive species

when di ssolved therein in the presence of the

phot osensitizer and the el ectron donor_ conpound). o
alkagy graiphging opdenadlythagingds2’ xpareuns brideingladiaseiiaryl apqigtics), and
theSRAR gﬁﬁ%ﬂgﬁ%?ﬂéﬁgﬁ extent upon the particul ar reactive

speci es, photosensitizer, and el ectron donor conpound

chodéan phawsindeser is pederablgwelubld intthercaettat spedcsprics paeferably

pabl e of. undergoing an acid-initiated em cal :
shl able Giat is s PRSPBRGPERUSIN Framgie Taction o qifiggpepecics when
disgctlgéd EXRIPIGhe BRséRd gg 't}téLBh%’Eoséﬁgitfié%P b e %Iletcirlon §Hﬁc%rt%ghﬁ50und).

I odontumsalts inclu ose descri bed by Palazzo
Acetrdalgly,iseletgid®. ofRgtaetidul dMgphote 54 & o676 drpendiomomeZxtdnt ngen the
8 through 46.. Sujtabl e.iodoniumsalts are al so
PGSl [BEES RetiesPhelRrmin-Rpand §lossen donet campoundhgsen, as
des?riBOBaNR, 1fthd BlhcHVPSsRBRs & 3B4b14 8Bundbin®ih®HOR i dUMifidkd
can be a sinple salt (for exanple, containing an anion
chenighl raaction, theBthe phptaaniti@eHs BEAIYm 6¢lt Honesaaple enpedsnium or
yﬂgghnn&ggg exanpl e, containing SbF , PF , BF
SLVER] (perfl uorophenyl)borate, SbF5 OH or AsF 6 ) .
M X Buitgtsie @doh@e0slty A chatlcttBoaiRsdtbed B9 Palazzstesdta€dn U.S. Patent
| es of useful aromatic iodonjium conplex salt

Ex
N%ﬁgggﬁﬁé £ elgpa 2j lirgsdddhiouph doy Prigiddmiodanium salts are also
I i I )i .
OSPRS00
Tht éddoafunu eitiodaartetassimglic(sdk (ifep tydnptlephjaiiaga wimion such as CI', Br,

- fluor ob , dj (3- henyl )i odaniym =
T Qi e P05, 85 RO S BP0 AL HHAH 1o S0Rs s - BF-
tetRRIAI HRSOPRRS BHGLR; S@’E(@ﬁpwﬁéﬁg)).i REQRLLBS iodonjum salts can be

tetrafl uoroborate; di(4-trifluoronethyl phenyl)iodoni um
usddaf dedfiledor obor at e; di phenyl i odoni um

SRS 85 T RSSO v
diphex@fddepiuaaicaemadebortic( '(@%ﬂ%ﬂ&h?ﬂ%ﬂ%ﬁiﬁﬂﬁ@ﬂréﬂﬂ]omborate;
tetrafl uoroborate; phenyl-2-thienyliodoni um

pherek-4fmetby wpevdiodeniam tetrafluoroborate; di(4-heptylphenyl)iodonium
5-di Wik RYE | vl ~4-phe i.odoni T
B SRR SRR v
chldeopbhyd Fio @aiiirh et @rophogphated dthgimyi ey tetrafluoroborate;
tetrafl uoroborate; di(2,4-djchlorophenyl)iodoni um

di (2
di(ﬂélsiﬂwrea\ewmﬁﬂéipé@ﬂiémcmafbw&mﬁqﬁ@;mb%h@iﬂw

o o . e
R e M e DR St
diphexy fddaniuaplrexa fihabeserditd; 3H(4-phenoxyphenyl)iodonium tetrafluoroborate;

phenyl-2-thienyliodonium hexafluorophosphate; 3,5-dimethylpyrazolyl-4-phenyliodonium
hexafluorophosphate; diphenyliodonium hexafluoroantimonate; 2,2’-diphenyliodonium
tetrafluoroborate; di(2,4-dichlorophenyl)iodonium hexafluorophosphate; di(4-
bromophenyl)iodonium hexafluorophosphate; di(4-methoxyphenyl)iodonium
hexafluorophosphate; di(3-carboxyphenyl)iodonium hexafluorophosphate; di(3-
methoxycarbonylphenyl)iodonium hexafluorophosphate; di(3-

methoxysulfonylphenyl)iodonium hexafluorophosphate; di(4-acetamidophenyl)iodonium

D8-



met hoxycar bonyl phenyl )i odoni um hexaf | uor ophosphat e;
di (3- net hoxysul f onyl phenyl )i odoni um
wheooahsases ophosphat e; PCT/US2008/075018
di (4- acet am dophenyl )i odoni umhexaf | uor ophosphat e;
di (2- benzot hi enyl )i odoni um hexaf | uor ophosphat e; and
di phenyl i odoni um hexaf | uoroanti nonate; and the |ike;

hexpiporapkpsnhats; diieberothiggyd Hedgngum @@eﬂﬂuefﬁpél@ffﬁha@x aj@| t s

f
i A
ioddin juine cythploxl saitsioan be @tﬂpﬁmieb)y mﬁataeﬁsmﬂmmepdmdﬁﬂg etrbmatlc

350085 SloPEEb e Sl s oS8 oo
with tRQFeQé’ﬂthsd&‘Eé% >g§ tlaB, { U NCRsy HoRhenwhd g%@ hum

chl ori de, = di phenyl'i odoni um hexaf I uor ophosphat €, and
dip ﬁe&fyﬂm@@dumum sab¢ mafuda dipisoylatdehiundsadss y$uicbaeni um

o RO LS S 12
dlﬂlleﬁilﬁfél%nluh]ﬂ%{rh‘ﬂu&%cﬁ%b ldiﬁﬁ'@%doildn'ﬂ ﬁéﬁh@l@oidﬂﬁﬁﬁonate (for example,
i bed in U S Patent 250,053 (Smith

Satf@ltﬁ\{nﬁRiou pyrelablg, fretnh S@t@@herdabmmny% anfl inpigstupes t @fh can

re SeRE IR S bt DO RS & SR hgtiatg 82508

(SO So @ Ndink 166 mhacmgutcoﬂmtm,ab@tzt whhCah be lﬂqﬁé&ﬁﬁ:d by the
(for exanple, substituted or unsubstituted phenyl,
thyl, thienyl, and furanyl, where substitution can
be with such groups as al koxy, al kylthio, arylthio,
hal ogen, and so forth) and al kyl groups having from1
to about 20 carbon atons. As used here, the term
"al kyl" includes substituted al kyl (for exanple,

stituted with such groups as hal @Z}Ei hydr oxy,

I , or aryl). At |least one of R, ¥ and R3 is
metic, and, preferably, each is ipdepéendently
aromatl c. Zis selected fi,pm the group consisting of a
coval ent bond, oxygen, sulfur, -S(=0- , -C(=0- ,
(O:)S( =0Q)- , and -N(R)- , where Ris aryI (of about 6

gg]gut ég lggr b arg E%ﬁl @éep%l%&?‘élp) selg ﬁ&ﬂg-rp Ilrgﬁggg groups

ha\tlﬁﬁ ildin atRuEREPABUE 20 EALEPRoRR r(%r e%rn?le( ﬁ‘ﬂ)sﬁtg{e'd%'i; hnsubstltuted

whére R4 and R5 are independentl ected fromthe

phepybuppbibrs ﬁlsﬁnyigandffummlr oderr, suh$twyﬂlorg¢md}§svu&aw0h¢r¢umﬂs

all<f)x%,oalléJl Q&Ut a@rl gﬁfg)&?}l %rrg g?g ) apg eﬂ<¥1 { ogﬁ)%frl] gd%{’ gl to about

20 @srbde %f‘oihisb etk Lb;eh AteSthk @l Ralignt ﬁlaﬁlde%ubsﬁmfedtdmeﬂ (for exarnp le,
sul foniumsalts (and for any of the other ty

substigites] With seahagrayps asdralagen-a ey et foBK, oaATYOh fft;la@é oggefR1, R2,
an(gﬁ% Slg (o)rrngééslrgglg rgfr‘ee % ea%@fsqh&%g%%e%@?% Cé}ﬁemc.e 2 selected from the
grcﬁﬂp&:eﬁslstﬂrgearﬂaeroedl@mamﬂld, oxygen, sulfur -S(=0)-, -C(=0)- , -(0=)S(=0)- , and
-N(R)-, where R is aryl (of about 6 to about 20 carbons, such as phenyl), acyl (of about 2
to about 20 carbons, such as acetyl, benzoyl, and so forth), a carbon-to-carbon bond, or —
(R4-)C(-R5)- , where R4 and R5 are independently selected from the group consisting of
hydrogen, alkyl groups having from 1 to about 4 carbon atoms, and alkenyl groups having

from about 2 to about 4 carbon atoms. X- is an anion, as described below.
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al um num centered anions. Illustrative, but not

limting, exanples of suitable imde and nethide
wa@nioonz2sincl ude (C2F5SQR) 2N-, (CAF9SO2) 2N-, PCT/US2008/075018

(C8F17SM2) 3C-, (CF3s@2)3C, (CFR3s2)2N-, (CAF9S2) 3C-,

(CF3S2) 2( C4F9802) C (CF3S2) (CAF9SQ2) N-,

( (CF3) 2NC2F4SO2) (CF3) 2NC2F4SQ2C- (SOZ CF3) 2,

( 3, Supatde @pgy stbzmstﬁg@m salts fmddorany s grtypes of

o RS EREE g Pk s LT Sy P e

bo(olﬁﬁc%ﬁle}ﬁ(lphoSM&JTO&H:et%red&tﬂnﬁﬁpfdeﬂt@fddahﬂsydlc-Itatdbledj and
having from 1 to about 4 carbon atons. Illustrative,
aluHH{lurH&Fn‘ler%aﬁlioﬁ]é exanpl es of suitable boron-centered
ani ‘Pl‘ﬂ?stﬂap&% %gﬁndﬂﬁuté%%xér&'glé bR ABind h&BidR)ABns
(p- CF3C6HAY 4B C6 HA)4B-, (p- FCoHA) 4B,
inc(UWBREP B THB)PE-, (C(4®8S6)ZBZ(N"+ (QBHQVBO,Z)SC (CF3S02)3C-, (CF3SO2)2N-,

CORBIDE: RIS S SRR B any  he

((dF3b<ﬁ\1cﬁh@‘(ﬂ)md (MQN@F@S@Q@QS@Q'GFﬁz 9'5961§(UEB)C6H3)802N-

q
contain 3 or nore halo substituted aromatic

SR o6 AHBSR2E 4B0SF ) o CHEROANE SOBGF brend ke Wt uofeimad anions
of i B JtFidiaoss B ale iy " B RS BTG AMKE R e

perf@ofoal Kl %d%@li‘ﬁ@fré&l to( 456 D) éﬁbon {tohis5) 3(n- CAHI) B-,
(C6F5) 3FB-, ~and QOBFS) 3(CH3)B-. Suitable anions . .
cont HIsHRHYE SEhieat limsting, cspmptes af swialilchorenseanterad prigas include

RSB Sy P o
FCGHaFESICGF SRR (COTHR(-O1HQNH-0p-CHSCSHAICBS)B-
cRpSRS brbds Bl B Rodk Bl s kel Fhats fothopm-Guigtinup-, and
thel’lﬁi%f P RRLPBSroR RBh R AR ?Qﬁé'ral'fsﬁ&ﬁ{taﬁn Qlor iR)rahhis %éirc' substituted

be readily apparent rom t’he foregoing gen
ardrmatwﬂNydm)caItbontréhb@s &t«chd:denb bomott h\etha‘iiuorln@foeﬁlgrth@mpst frbferred

halﬁg%&gwlﬂﬁf%ﬁ’hg@% ﬁg{e@mﬁﬁlg;é‘%@tp eéﬁr%%e e anlons include (3,5-
blsg‘@ﬁ %mﬁmnmmwem@wsdﬂy@mmem@bm O (CHPH(EH3)B-.
fo

r exanple for use with cationi caIIy reactive

s pe@ﬂé@bl@ aRiknseoNEpBIRgG ofhws mesdl or metatoldeeenists wgludaboeexample,
t
o B TP AR RLA L R BpAPE LS. e carsyesso,

F6SET (IO H58beayd BeA§ omhumartgdin@fibtd arcatap idt@icd to be exhaustive, as
di met_ hyl phenyl sul f oni um

Othﬁése%?fw&@r%m% ptwclsRRiHYE s3lfsf anyelips other useful anions
COItj[gl)l(lﬂIgl HR&EGRALS BP ﬁfe@allmds, will be readily apparent (from the foregoing general

formulas) to those skilled in the art.

Preferably, the anion, X, is selected from tetrafluoroborate, hexafluorophosphate,
hexafluoroarsenate, hexafluoroantimonate, and hydroxypentafluoroantimonate (for
example, for use with cationically-reactive species such as epoxy resins).

Examples of suitable sulfonium salt photoinitiators include:

triphenylsulfonium tetrafluoroborate

methyldiphenylsulfonium tetrafluoroborate

dimethylphenylsulfonium hexafluorophosphate

-30-



tri phenyl sul f oni um hexaf | uor oanti nonat e
di phenyl napht hyl sul f oni um hexaf | uor oar senat e
wa piovos28s31l f oni um hexaf | uor ophosphat e PCT/US2008/075018
ani syl di phenyl sul f oni um hexaf | uor oanti nonat e
4- but oxyphenyl di phenyl sul f oni um t et raf | uor obor at e
4- chl or ophenyl di phen%‘lsp;ul f oni um hexaf | uor ophosphat e

t ri tiphsRElsekgpre hgkaisererdesrhitfhexaf | uor ophosphat e

di (4- 8t I i.um hexaf | uor oar senat e
4- a@ﬁgﬁ%%ﬁ%ﬁ%gegﬁ%%zﬁ ggﬂleum tetrafl uoroborate
4- t dipborylhaphyiphaitioh dinp heaylustoatsomateim

hexaf |

hosphat
di (FFétPE’g{’( ; Sl?lglﬁ%‘fg}?é?gh%mqm sul foni um _
hexaﬁi:sﬂggpg@wlgmm htdhbidaRR8AXE) Phenyl sul foni um

hexaf ant | nonat e

di ( ddnibaxyphémgyidipheryisu)foeniytesafl dovobarate

hexaf | uor gpho at -.acet am henyl di phenyl sul f oni um
e T e e e T e
hex giuuMeapipheRAlselfb Al HeQhDRbMdsphabenyl sul f oni um

tetrafl uoroborate

p- ( giéreyhoxtiplpybmethydiubfaniug kexafloproarsenate

hexaf | uor oanti rpnat e, 10- net h enoxat hi i ni um
ettt B MR U

hex afthid)ﬁfeﬂﬁﬁ?plﬁﬁ'm@l henylsulfonium hexafluorophosphate

10- phenyl - 9, 9-di net hyl t hi oxant heni um )

hex éf(méwoéﬁ%@aﬁlab@lﬂwméﬁyfmr@Ja@%é}ﬂuemﬁtlﬁl@ﬁ@tam

t et < - - hj hr eni

Lot SRM BRI AR RN henodoighipapt e um L
hexdf(tarbompthosyihah e )Retay Bulf@dus ek ahiouspi®aptiase | ncl ude
trigryl-substituted sal such as trjarylsul fonium
helx_ faycafamg%%F@%ﬁ@ﬁ%@%ﬂ%ﬁﬁ@é@rs Pkt (t m sz|ch o
aVa'cihﬁ&hﬁn%lf?ﬁ?@ﬁfo&lﬁm@hep@@lﬁi@%ll%sphta{e' aryl sul foni um

hexaf | uor ophosphate (for exa SarCat (tm SR 101 1
av airifalmireméthgldiiBany lswhéoniGo ggeadlpprobarede t ri ar yl sul f oni um

NN 6 1
phot giridth 18k HoRath ek AESBHMFpRAL LS (nDre
o eg-errrlgcﬁylll%/ﬁiarf}drl%/eln{u?fl?eryalfllg]orophosphate
10-phenyl-9,9-dimethylthioxanthenium hexafluorophosphate
10-phenyl-9-oxothioxanthenium tetrafluoroborate
5-methyl-10-oxothianthrenium tetrafluoroborate
5-methyl-10,10-dioxothianthrenium hexafluorophosphate
Preferred sulfonium salts include triaryl-substituted salts such as triarylsulfonium
hexafluoroantimonate (for example, SarCat™™ SR1010 available from Sartomer
Company), triarylsulfonium hexafluorophosphate (for example, SarCat™ SR 1011
available from Sartomer Company), and triarylsulfonium hexafluorophosphate (for
example, SarCat™ KI85 available from Sartomer Company).
Preferred photoinitiators include iodonium salts (more preferably, aryliodonium
salts), sulfonium salts, and mixtures thereof. More preferred are aryliodonium salts and

mixtures thereof.
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salts), sulfoniumsalts, and m xtures thereof. More
preferred are aryliodoniumsalts and m xtures

W@ bepesd81Pr epar ati on of Phot oreacti ve Conposi t PCIUI1968/075018
reacti ve species, nultiphoton photosensitizers,
el ectron donor conpounds, and photoinitiators can be
prepared by the nethods descri bed above or by other
nmet hods known in the art, and many are comercially
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dw&tom@a@ﬁne‘a ped ecciautrilerpFle 1spetfversaenics itsst crp alsp seipefimes serve as

% (preferably, up to about 95%

asﬁ@f%jgf%% @% 8&p%%m%§ about 80% by wei ght of one or
nor &he dacé corepaRetiof e fiotdiriaistor aypodth afk. 3¢dmt in photochemically

effé@%?@%igﬁt(a%&f%eg g %&S@@&% %gllafﬁmtaéﬁeast
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more photosensitizers; optionally, up t
9948 %(mre:fél%léfpmefoea‘twbt 95%u1;notecpraf@calvﬂy, 5i9gto bbroulxé()ithfoyo‘felght of one

or PSP BE PGS b R RS TR LBF e ohleataueUig) L pgre
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of one or nore electron accept or conpoun S
preferebly evmatsl apout Honbrbeight of amg aranesp @b@tomlttz%e@ptm@ﬂy, up to
gh J t
w10l oBR iocBRl Bl ot S do b Pl Raf P

co@gd)unda Iﬁlbt‘éfe@zﬂﬂy ke 1damcdbo e 1999 niohepie ity fedrh ab&ut 0.1% to about
nposi tions, dep endln%gu pon the desired end use.

5(V<3uﬁﬂtdafb‘l’fé ah@l}tlﬂﬂaﬁ 2 ahay [ iy weightnfone g meshelgctronsscepsor
0019:9 gprefé,[r?t? drf §bSut oPiog o%t 5?&?‘ %?sed' ABh gf?encb& We ht of
gani rel nfor

cing or ext en ers at pre er
solafstitint 5, thf tabmelghﬂ%mmp@ﬁ%tbyth\mﬂhgﬂnSOIbaﬁ)ad on the

t ot t of the
% W}lﬁ V%lhlety of adjrlllvants can be included in the photoreactive compositions,

depending upon the desired end use. Suitable adjuvants include solvents, diluents, resins,
binders, plasticizers, pigments, dyes, inorganic or organic reinforcing or extending fillers
(at preferred amounts of about 10% to 90% by weight based on the total weight of the
composition), thixotropic agents, indicators, inhibitors, stabilizers, ultraviolet absorbers,
and the like. The amounts and types of such adjuvants and their manner of addition to the

compositions will be familiar to those skilled in the art.
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conposition), thixotropic agents, indicators,
i nhibitors, stabilizers, ultraviolet absorbers, and
wo b@olosdses The anounts and types of such adj uveet/BESHNg075018
their manner of addition to the conpositions will be
famliar to those skilled in the art.It is within the
scope of this invention to include nonreactive
pol Ve miidirihe deaps of this Hevepiggrplosnelpdmronrepchyelaelymege binders in
e I o]
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cellul gse acetate butyrate, and the like. Prior to
bulyraie e éhe kikfe resul ting photoreactive conpositions can

b
G T
sultshetearftdeslraﬁlc by Ghn}ngf a Yaictyexfrvatisg mktholde kooah 'tcntgomﬁshlled in the

aﬂ&@pﬁlgc v Irrlc%i)lrpprlghﬁg Y bStgrrlg éffbgpglfr.] ﬁ(ga?lnéﬂg l%‘ggégt%pe garll\l)e cﬁlosen

frobd @G/ldédslaﬁgt LA d1RQnsheed ee[n%l A sGHAss (1Bl:l%llﬁ§)sﬂ1c‘€lﬁ Remd B8d glass
upon the particular application and the t hod of

plaeesmaispﬂeilmg)uﬂm the partizear appliedtemraad tbusthod to¢ sxausere to be

uf fi C|entl t t bl.e t he aration
ui R oo @ Bish it Beborm L suBeBBaY niuh Ralh B &on ora
layePbf ﬂfo%r%zlﬂitl@zlé @Sﬁ?osnli_'&{ hARRS 4 R AN MISSsE FeP@SplBtidrS where
| ess desirab hot oreacti ve conp03|t|ons can

cogfingds st d@:ﬁeﬂablebfée @hpf@se@dtwenw@mq&tlfom pan geprsively beyexpesed in
bult qg [ts Use In carrying out the process of the
u
|nvent|on a photoreactive conposition can be exposed
to |ight under conditions such t hat mul ti phot on
absorption occurs, thereby causing a region of
difﬁéﬂﬂﬁﬂﬁéthﬁLﬂﬁLﬂﬁiﬁﬂcharacteristics (for exanple,

I es $€Ea 51?telhgﬁrg§9%1 lﬂ)lP 'tlle' 1l1¥etlt1'3naa @ﬁlt&'e&él leo :ﬂb%lrﬁ&:l %an be

as conmp re otoreactive’ ¢ |on pri

ex@spd sulli ght uﬁdmrcoﬁmpmymh Cleent nhﬁtq&m@mmjjso@hed obgursinyereby

known mean abl chi evin
causing a region osf f?genna solub1 ity charact %sﬁcs (for example, lesser or greater

solubility in a particular solvent) as compared to the photoreactive composition prior to
exposure. Such exposure can be accomplished by any known means capable of achieving
sufficient intensity of the light.

One exemplary type of system that can be used is shown in Figure 6. Referring to
Figure 1, fabrication system 10 includes light source 12, optical system 14 comprising a

final optical element 15 (optionally including galvo-mirrors and a telescope to control
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sufficient intensity of the light. One exenplary type
of systemthat can be used is shown in Figure 6.
woRedoesasny to Figure 1, fabrication system 10 pPeUszes075018
light source 12, optical system 14 conprising a fina
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ess structure taper
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fabrication speed (throughput or number of structures fabricated per unit time).

When the photoreactive composition is coated on a substrate that exhibits a degree
of non-planarity that is of the same or greater size magnitude as voxel height, it can be
desirable to compensate for the non-planarity to avoid optically- or physically-defective

structures. This can be accomplished by locating (for example, using a confocal interface
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t han about one-quarter of the slice thickness) can be
achi eved w thout sacrificing fabrication speed
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gcﬁ&algb&%téwqh@ %la@é@iﬁl%sﬁ&ldbf tﬂcr AP é%p(t)s‘?tl&}p QE'ZHr
1100 nm nore preferably, from about 600 to about
example@rswitohat Nd AN G lastrsdfrabauple7H0se available from Spectra Physics
under the trade designation "QUANTA-RAY PRO"), visible wavelength dye lasers (for
example, those available from Spectra-Physics under the trade designation "SIRAH"

pumped by a Q-switched Nd:YAG laser from Spectra-Physics having the trade
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about 850 nm inclusive. Typically, the light fluence

(for exanple, peak intensity of a pulsed laser) is
w@e@ansas13 han about 106 WcnR. The upper |i m tPONUS1968/075018

light fluence is generally dictated by the ablation

threshol d of the photoreactive conposition. For

exanp Q switched Nd: YAG | asers gor exanpl e, those
desagmtlpa Q@antﬁ&W@é?&'Draaldmgvﬂtéb,e%a pyrped;psgare(for example, those

av glé ee?fg(?r% fsggctra (ﬁuﬁﬁ ggggg%eadei\égiﬁ%@&f"P@&k%h QISQMZ)% utilized.
Spe@teffméawly@t csurdextae ntdrénfrarad puldesiagarahavang 4 puBAKhgth less
a switch YAG | aser frem
tha’l%ﬁé@‘t‘tr]a? RS gl%%\me%a@gele%srta%mt YapieRd: most proferably, less
e HBRL 9 R oRAE P L SR, S TR 3 i
ablandeﬁlrd:sheldtqmdea abese glwantrto ulseCBARItioncan, fal saniyde, have a pulse

Pr ef Crared
freflgnc T amuAtour s Higns e Boogoh feEdlet: it At 10
CofitisRRQREvE MRER chh efsehakkag. | ess than about 10 9

second; nost preferably, |ess than about 10 p second

Ot hé)ptlp@ll ssvetelinelﬁlg:tahsn@ , b eug@glea@fﬂaoﬁn‘ga ergiceldepenik ( or
exam le eg Ial’rIllgcra Cn arra?rg t h ec lhoOdtICCa te%lrehﬁ bo¥§m [.E

me? E’nl.ﬁ 8o 484t | r?'é or °BXE é apﬂ 5e

retfor ERHERIIS Yr chuilﬁ@ml@&@ytdlmeml@ d}ﬁlld@lrdléméiﬂs {for @heiplle, poatings,
megahertz, or even nore. Continuous wave | asers can
phagedurshe 404 &l ogrgms)-mlarigng enticabelements ﬁf@r erpgnple.dincar polarizers
r
an(f way leﬁe I) (ﬁgﬁc %I%e é@lcgfélgy %ts% ?Fﬁﬁ(@l r%ﬁlsea)ﬁagpeltﬁrgs), diffusers,
Poei{eéﬂmhl‘s,sw:(xfegmdesg ami) ke, llkeetSuoh epliet bkefmntsraref oelidifogfocusing,

mrrors) diffr ive o el ement or e l e,
beggp 4eki ¥egts DepmAR R, lagf%g))u Seélérplag. @Fﬂ%aﬁy,

coﬁQﬁlhﬁéﬁs o @@ﬂ%{&(&%&ﬁ@%ﬁ&w 'ah@ §@Er %r@ﬁria%@&ﬁnlﬁﬁgtlons will
wavepl at es di spersive optical elements (for exanple

be pfrqogmzectlbudtl@swhllhgt)l thelant f Dimel epticPod ketrg léedah gnclude, for
wavegui des Suc C s are
P it riord Eerlite. i nerd o Rt SR rREae Shal dg one
emlBUJh%fén’é haRbRYsivaaRh RY foLetdntPl & 9hosSRB&S Al thitroscopy can be
conbi nati ons of opti cal elenents can be utilized, and
cor@ten@ntlﬁpbtawduf@meC@nmﬁtoaﬁétsomge such ps, fer exepvimiCaeddsp, North
Arxtlé}lo?ie’l“ olﬂl oc%j New ?hﬁ( %{1& use ag?fnal%)pt gﬁélerﬁén%rﬁn%og' gxa%?ﬂie
FAcrude, Yor exanple; “oneé r nore refrac

fabrehti@cdyisieen 1o 1ﬁélud¢ b beaaainigwconfphl RYosedREN eScarnb[b those
one enbodi nent, an objective such as, for exanp

availagledrqg Bio-Rad rhab?r@w%ﬁ%rawefb &abiviniader g tfﬁsi@ aiieﬁé%ratlon
B Y 1S RSl B BB L o

exdmpla) thogat davaadble Freme®dr] Z6iss, RarntheAmopteyndeathritzdt ldesngnatlon "20X

t,gm 10 can include a scanning confocal m croscope
FL% exanpl e, those avail able from Bi o- Rad

Laber ah QiR Be dEEFOIH t6%ise St ds WA ButivaINdShe hiRetiEADBerture to
desi gnation

provide highly-focused light. However, any combination of optical elements that provides
a desired intensity profile (and spatial placement thereof) can be utilized.

Exposure times generally depend upon the type of exposure system used to cause
reaction of the reactive species in the photoreactive composition (and its accompanying

variables such as numerical aperture, geometry of light intensity spatial distribution, the
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"MRC600") equi pped with a 0.75 numerical aperture (NA)

obj ective (such as, for exanple, those avail able from
w@2000/02813s, North America under the trade desPQrnuEs100$075018

"20X FLUAR'). It can often be desirable to use optics

mrth relatively Iarge nunmerical aperture to provide

hi ghl y- focused lkﬁ, However, any conbi nati on of
pe%plrghé Altensity vrng therager prlse (el anteesdivraad shortes pylse yluration

Bféd aﬁcﬁ@o%@gﬁ fi e itk tgrgﬁ% '?% gﬁécfx)thg ﬁgtupeeoftﬁee

sure-ti nmes era end upon t

phdstysn:ectofe @xfpositios. Syatraty, llﬁgld:r tpealclaglﬂ énteesitgtin dre rofiohdef focus
reactive species in the photoreactive cqonposition (and,

al W%S@é%ﬁﬁ&weﬁ@n%r‘r%h@g eiﬁﬁmngseqﬁﬂrnéflr%rm%%% Y vIting”
Sp&ﬁg’ ga{e?éﬂﬁanlb'e ABbut HHE0B 887?5 nﬁ%hh/@écoﬁ& ﬁElﬁ%Qlﬁsep lse uration of

eak I'ight intensity rong t | aser pul se er
abcpmtler%mgy asncbtsir(rﬁcrrteaamplﬁ, gleoud At todH” ilwgnd)yand about 10 to 10°

puf RS IBGR (b Rag ot 1ilp TOSmi e iepp® | 2 PO"

Gened aidedto AEARRE sdPEAK dbv IdPmdnbEMSickYoded ph%réa@ﬁ‘ifeo ns
of focus allows shorter exposure times, ever

cm@t)@Setlcnemdg)béqu alfabquaWédrght eretyictign s;tructbmer & rhr@ﬁolﬁp’@eﬁgf light
(thgteln %Lregh%%?@?e) ge ?ee utj 1ze t ﬁglﬁl[g]fes Qgg &{)se 16 33)51’431 yféoc‘fés specific,
and eaﬁpdtqbeﬁd ol vaxdIalsach @sbmﬂexl&puelt}k%éb@l@ét@p@@@ﬂéq@ﬁdy
about 102 to 109 pul ses per second (for exanple, about
intqrygy 106 t@dghﬁl}h% ggchierPhetensiye COPatigy thesPeaifiF irecipe being

fab?l%ht\ég nc;r tﬁ@ﬁ §§ Iﬁg‘%{ fo?fsoltvgﬁ é%?@g@?grgp Ip[‘ﬂh% teﬁa‘f %ét YPprocess

OSItIO aln a ||g racti on
pamhfetﬁi:s Wneyplaalﬂﬁbeeﬁhmmbrdeé by afthidestgid d¢dehdtigha,doses of light than

BTG e K e s
thrgﬁlrolc?&ﬂs@)sca%l’&]%’[cﬁﬁﬁ bd ®ed %ﬁi@il@wett WRtNEvRLE 919&/91' hlgh’éﬁ%ht

frequency, ensity of the light, the specift
intgisaty or eact i ve conposition, the specrflc structure

oy ftapiitie B 4fbior et At lh FeHe dRaulBs piferfeationt vorels
geﬁé{ﬁb@ Bﬂl |tﬁé ﬂ?@ce@@ armgt BY 6ra&itto R¥tadn {ENBSITAbR agﬁé%@ratﬂ gher

doses of light than the threshold can be used and can
gertﬁéalbepréferéqlgto uspatlight gererthal asless thamelkoua b vignes ifes threshold dose,

prefgjéﬁlyrfggs%aqloz)% tnzgﬁ(ﬂjlreg ﬁfél ﬁl%lsﬂc?fd Hﬁﬁeu P mMet}{}ei%ra%ll PYE than about

spee ensi

3 tinis3 rtﬁ@ﬁlr@gomlmsa OBfordér tb loftain rz@r&dﬁom@wla@[wce@m thb@adial
vol unme and aspect ratio of voxels generated by the
intgpsy pafile rﬁught beambde profgaliptGaupsiybxel s of | ow aspect

rat 'I‘ﬁrou nluﬁtl %Bﬁo B%}eﬂ?{t ‘Bpérﬁ 2 Qn & Qhéa %ﬂ{ 1ane°‘ e

that 1s ess an a mes t res dose,
phaoshetiabdoyndossien ttia praadnoest a vbltrmmegnbmef mhteaslialvthgdobbility

and nore preferably | ess than about
characterlstlrcs dPéerent from those ofs the unexposed photoreactive composition. The
resulting pattern of differential solubility can then be realized by a conventional
development process, for example, by removing either exposed or unexposed regions.

The exposed photoreactive composition can be developed, for example, by placing

the exposed photoreactive composition into solvent to dissolve regions of higher solvent

solubility, by rinsing with solvent, by evaporation, by oxygen plasma etching, by other

known methods, and by combinations thereof. Solvents that can be used for developing
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3 tinmes the threshold dose. In order to obtain voxels
of | ow aspect ratio, the radial intensity profile of
wo p@bo3senm 26 i s preferably Gaussi an. Thr oughPCT/US2008/075018
mul ti phot on absorption, |ight beam 26 i nduces a
reaction in the photoreactive conposition that
produces a volune region of material having solubility
thecarppseetnbipiosedcise epmpasitiai ineluderqusagesadyenthiaich aspioswaiple,

wagél?? g:@gﬁf Ik Vl?dv %[J%?[I% 1# 59&91§ﬁ -5? ﬁrg H)l b ggﬁcli zﬁg%:tﬂtgg Bleﬁﬁs of water

witharyarid saifmits @feﬁ/@daﬁrpﬂﬂa Ii’rtetkmhot; eﬂﬁnolt pﬂ'op&ﬁ’cﬂﬂ?{ﬂe&meb@betomtrlle
.re i ng either ose unexpased regions. The

dirpgt PHdR OF B i g‘éﬁ%@& %ﬁ@aﬁlddalxa@%ihsﬁ@@ and

ordaflc SXAAR! & ’Xeﬁ%ﬁlaﬁ’ﬁl t ﬁﬂ%rﬁaﬁﬁ‘c RHAOLREEAS Q?thi s er

conposition into so vent“to |sso ve regions
md;ltalnvb athasall artdpmpmol)oyetpnﬂs(lfor@xmh satarentycldpentanone, and

e REGEREGRY, Yt R R e ERE il Ptogdibo i 16T et

rn&@ﬂm&&hﬁﬁﬁ@ah@%h@ﬁﬁ@hﬂphﬂﬁk@@mﬁéﬂﬁﬁﬁgz@@@hﬁﬁ@?Q%k%ﬁﬁn
conposi tion include aqueous sol vents such as,

exzemdn;;ﬁﬂ@:yl amtﬂf@rancl oopybonarghice! misthyl nt@elaaomqtq)rﬁthers éﬁ@g exapfiple,

dlethy(i) m[her afy eg zllmdrgfﬂgan Caln?lg?]sp(:?or e@&glrsﬁpﬁ anélinet%g H%zgrﬁglfione), and the

n C SO

hk@n@gamghuaﬁﬁ@k@me acetonitrile, dinethylfornmanm de,
N-wethylpyrrolldone and the like, and m xtures . .
t herdotpfiongligk @a@%rrﬁXeO%¢ {peligh undst el morug@ﬂmtwn conditions,

buﬁ%gﬁ% § lééﬂt\ﬂg%lg %e%sgﬁhﬁ%r%m&ufe ?ﬁot%}(e% € cornposmons such

propano ones
as,ddiadRahple, apetyotype r@ynb@mnﬁeanﬁimcalwﬁe mﬁdlrt;dns emdahyde

g B e Ay et EhROR Bt Tnirsharing sne of rom

abdlit 10’3 Ilnﬁﬁu&ft%b&mmﬁme@cet onitrile), esters (for
exanpl e, ethyl acetate and propyl ene glycol nethyl

et h@ptlanfelbaa%r expohee of ¢iflp thessuafiapd profith eftahlyght extnantionnttucture
Let i des, (f
arehg st by B b ST gt Rt ordinaesiying epnogure using

actifi€ FRRItionABn B tarPiB@ bubBkfeaf reftioRop afUeMaltng hifibicted
under nul ti photon absorption conditions, but prior to

pheterogetiitc epapobibiore Atich ¢ apnipgersiss gxpaspie cgp frecferably be carried out
byg@gggrsgg%»&s»g &£95|t|ons such as, for exanpl e,

i Vé speci es. Typlcal bake conditions

I ncl0aedxetiRerdindfigsnal light dx@RGorOdtrul i@y Al dight &lradtiod Qructure
about 200 OC, for times in a range of from about 0.5
AT DS FP A0 thismannsiut es. Optional ly, after

ex p@%glr fi O(Pfa 1@[1!&}’11&*}& & ?51{19191% & Je cjogf gﬁr]gfg?lll\ sgm asba keypad, may

extraction s cture array, pre era
be adlisnedtusthewaholptienttp datenainicropgaal szdumcfpohgllltextrscttmg to achieve a

es?gég?\%eg# %gl ogﬁllét(})l c aqﬁ iko)ﬁ‘@)%g L]I‘éllg‘z%t glgta f{ow g fafgr%%} illustrating a
process for designing a light extractor pattern for a keypad. The outline of the lightguide
and location of the keys is determined 705. It is determined if spot lighting of the keys or
full area backlight is required. If spot lighting is required, the minimum size of the
extractors in each key region is determined 710. An initialization simulation is performed
712 using identical extractors (constant areal density and shape factor) in all regions. An

extractor shape and density is selected for the test run that is close to the mean of similar
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phot oreacti ve conposition. Such a noni magew se

exposure can preferably be carried out by using a
woer@pbastdn process. Conpl ex three-di mensi onal PCT/k1008/075018

extraction structures and |ight extraction structure

arrays can be prepared in this manner. Design of a

i ghtguide for a particul ar device configuration, such
proyéous npasipsa d3aseshgn BesiSicleHeRIBcTS ithigbast Hmpgp%wg apg lamp

. ' i.sl -val ues for light extractors to
Ong@%|%£%Q§w§§§%?2é51eveI of uniformty for I|ight

out Ru-trakinglis perforied &20 t@ulcdti Bdighirand dark bugiut agasa Based on the

process for designing a |ight extractor pgttern for a .
T2y EYAAARHST 108u§‘F‘ ieﬁféa‘g?r eEans cyheien Yarsrgd|yah gxgrctgr densitics

. o ' o2 . > h

] PETREE 2 ALY of Moy Qo Rif ) FBh bl beciRlor cach
seatiegun thedightguidsplesgidninghwvith thel ssctiaqalosestotp thdkghtisoinee amd

[ of th tracto i n eac ey region
prit B fomio b SRS e o et KRt b i
per frae BBk c/pkdcdds pRFided R inigal opBXiisAeh O fSthé Q)@tﬂa%tt(ﬁ%%ape, size,

areal density and shape factor) in all regions. '
an@/rt densitpwas he@rdy erdeleribe injtislopyalizatiped: feyr initid cheise may be

run at is.close to t nmean, of . sim. | ar.prew ous. . .
o R ol By R DR iR o HRIEYAR gty s

clos@ eatht esuathch@arghétentiat individisl eetREom, R grolb® of extractors are
Ray-tracing is perfornmed 720 to identify light and .
adjysied. THORIBY sinyfatons afigieagh @haqgﬁeuq:tlé)alltl@%l‘,lqyﬁ output flux within
Sp&ﬁ i#hd on, the extractor regions, extractor shapes
and initial extractor densities are redesi gned 725.
The Thaiférogsing desefipfibruxf ths verpdusraintedind3is sttt irorntdyn has been
section for each section in the |ightguide beginnin
PregpiRd { AN SRIEPPGH o lysisaton aa_%%%wm At fidbOpicae Rpdpiended to be
exiHul i t8%intiC@ E%n%@@tostﬁg gf&ﬁ% 5 1RE8Sed! rl\%ﬂr# Itﬂ_@diﬁcations and

['1ght source. The above process provides an ifditial
vangtansargtasshle ih fighhef thxabevetteachmigapes igemded that diicoscope of the
. depsi .was,poqrly.chosen.in the initial optinzation
iR pY i RO e RS giatien it 8B e RuapBicd
hefe®r.run. If the initial optimzation yields flux
uniformty that is close to the requirenents,
paraneters for individual extractors, or groups of
extractors are adjusted, running simulations after
each change, until all keys have output flux within
specifications. The foregoing description of the
vari ous enbodi nents of the invention has been
presented for the purposes of illustration and
description. It is not region intended to be
exhaustive or to limt the invention to the precise
formdi scl osed. Many nodifications and variations are
possible in light of the above teaching. It is
i ntended that the scope of the
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invention be Iimted not by this detail ed description,
but rather by the clains appended hereto. CLAI M5 What

w0 g000h3e8med is: 1. A |lightguide, conprising |iRgEE/US2008/075018
extractors arranged in a pattern on a surface of the
i ghtguide, the pattern configured to enhance
uniformty of light output across a surface of the
| i ght gui de and wherein afletld4$ density of the Iight
extractors is substantially constant or varies
inversely with extraction efficiency of the |ight

Wietis daihedss: 2. The |1 ghtguide of claim1, wherein the
fill factor of the light extractors is above a m ni mum
fill factor that prevents a viewer fromresolving

1.ind 'Avlh%tﬂéﬂldé et I‘lgﬂ(lg rh%ﬁ@ QliBictoss ar;gﬁ%eél {rhp A6 qurfacc of
claim wheér el I ght extractors are recessed

thedightgtide, €. patternfdvafiginghtig amldiecc)ﬁmﬁdrmmm of lighhartpitractdsea

l.i ght.gui.de is.nonolithic . The.lightguide of claim
surfhcd g BT g e BRO e Pingin o A g Mt nhgxfiegts B
sulbdnkially B6rtanabi RFicd snvardeMNGith extrtion 8ffiidncd of &kaRdt or

both of the light extractors. 6. The |ightguide of
CXigdckdrm 1, wherein the light extractors are arranged to

enhance the uniformty of |ight output over a

conti nuous surface of the lightguide. 7. The
2. 1'i ghmhgliphiguiak of cRim Lwhydaar @k fillttheot dhE hglxtterxacétcfsas above

are arranged to enhance the unifornmty of ht = out put
a mipingyme &illdpgioy @@‘; RYR¥EI @ VIRWET ﬁ@ﬁ‘t rﬁmlﬂl@g ngiwlqiﬁ light extractors.

i ghtguide of claim7, wherein the discrete regions

are configured to illum nate keys of a keypad. 9. The
3. | i giithglighitgunie of cairm1]lwhedeer the hightextdactghst are xdcessed strsctures.

are truncated aspheres. 10. The |ightguide of claiml,

wherein the |ight extractors are one or nore of
4.he”H%Qh@mgﬁumkﬁeﬁﬁﬁﬁe@h&%ﬁhﬁgﬂgmgﬁub9§&ﬁﬁﬂnﬁﬁd
truncat €d cones. he 1ightguid claim1l,

wherein the pattern |s conflgured to reduce observabl e

5. compr SR a3 o R 198 I e BERFRTPRA TG s AR ight

cxﬂrécﬁm} vaidddthsa flh@h@fiheRsht S:9MRpd &1 rdh bf BB UighKéxtRAGtosd. S
arranged in a pattern on a surface of the 1ightguide,

the pattern configured to enhance uniformty of Iight
¢ .
6. g?égﬁg j gﬁ%ﬁﬁi@ ]pfayﬁ la}%ﬁe [n tthlc] e?&\%gt%%sga?g antd 8"[(9 @P«mcc

the uniformity of light output over a contlnuous surface of the lightguldc

7. The lightguide of claim 1, wherein the light extractors are arranged to enhance

the uniformity of light output in discrete regions of the lightguide.

8. The lightguide of claim 7, wherein the discrete regions are configured to

illuminate keys of a keypad.

9. The lightguide of claim 1, wherein the light extractors are truncated aspheres.
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constant or decreases as a function of illum nation
fromthe |light source. 13. The backlight of claim12,

wab@pes2813 he fill factor of the |ight extract oPGI/S2008/075018
above a minimumfill factor that prevents a viewer
fromresolving individual |ight extractors. 14. The

backli%ht of claim12, wherein the |ight extractors
1031 e The Bgkigaige of claip Jr wheremsthe Tight exiartorsge ong ocmaserf

. vy wgerers! GKPIgiE 4 O
oo S i Baibd forhis M O e STARGAGH Bbfls, 10 THE

efficiency of the light extractors varies as a
function of  height or shape_or both of the |ight
Hext f@eﬁg%}udﬁf %{E‘Hécib‘éfgﬁrle Tghe PHFCTR iGARigred (R EsFR t he
obdcr&bic EALLAGH MF FighiBider uncat ed aspheres. 18. The
backl i ght of claim ™12, wherein the light extractors
are one or nore of cones and truncated cones. 19. The

backl i . of claim 12, wherein the pattern is
lzconéﬂﬁgpﬁgut%nwggﬂgé observabl e defects of the
I'i gbtigHt dRretQonfib@reBackddeahd light; &l m 12, wherein the
areal density of the lIrght extractors is substantially
constlighteupsic, eruapresrekight gxEacions eeignd inf peHtopaga Susiacoef the
ek, BT Bk B SO Al TS PR s s s
of thediphepuidie wihansimgh dredlalchMsl of thé Gfierexirhdtordiinatbs@ntifltyom
t he Iight source; a, second area qf the |jghtguide
cotpt AEdFcarases apet Bnetinnent 1flvnnatiom frosrhe Hght soHEse) | ght
source, the light extractors in the first area having

substantially equal or greater areal density than the
131 i gfihe xdkigbt off dainnl 2, Indhesede thiedilbfaetr oPthe lighechactors ghbove

of . cl ai 1, erein the |ight source copprises.a
a nfipjogym #‘@éﬁ%ggw%@mww from rgse ViR &5@%&9@3@% PgFRctors.
the first Ianmp and |ight propagating fromthe second
| anp conbining in the first area and not conmbining in
14t he The backdight efzclainBl 2, Wherdbatkllighhextoictars aicme@3sed structures.
wherein each of the |ight extractors has substantially
equal footprint areas on the |ightguide surface and
15t he TREBBREi B oft dIGRTE 1 EXiHeRGh MeSightyuidiss hidnslithas ea is
greater than the nunber of |ight extractors in the
second area. 24. The backlight of claim2l, wherein
t he - I ght ractors. j ekl Ny
165 d R e e ot 1 £ 8 eREh APl bR 8, o
extrattérh ®as@enduadtda cddhdighhér shaps i both ofhe dightextiaetors.
I i ght gui de surface of each of the light extractors in
the first area is

17. The backlight of claim 12, wherein the light extractors are truncated aspheres.

18. The backlight of claim 12, wherein the light extractors are one or more of cones

and truncated cones.

19.  The backlight of claim 12, wherein the pattern is configured to reduce
observable defects of the lightguide.
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greater than the footprint area of the |ight
extractors in the second area. 25. A device,

W@ 9p03sihg: keys; a switch matrix arranged i nPCEUSI009075018
to the keys and configured to conplete an electrica
circuit when one or nore of the keys are activated; a
light source; and a I|gPth|de arranged in relatlon to

20¢ he TIhP Breklighi piccdaim Ko whickmn hiagral defty iof thedichk cxtrackars 1s
suﬂf‘s?a?%ltgp& g(gnsfatﬂ?ml éle%péag% alﬂ% SRR PG pque%g il hf"lﬁ% o%to?n fhe light

ocat tively nearer urce;
sowecond regi on of the |ightguide conflgured to
illumnate a second key located relatively farther
fromthe light source; and |light extractors arranged

211 N §hPBhAGHRt AMt1AnSHY, FdeRr 8bm Eﬁﬁn%' ghtgui de, the |ight

extractors conflgured to enha niformty in |ight
out puirstafeat dfehd lighiggde Uevingrddteelyi righeralidnsetantiom the light
ions, wherein the |ight extractors have greater
SlgF al density in the first region than the second

reg la@ébonafareaﬂ"fehéiﬁgﬁtglﬁd@ﬁa@hgafelratzzély 1WReF Bluthifdtion &5t the
one characteristic of the light extractors varies

hgm sontas, hadicby e%@t:mesam thehﬁrst eigh basing substinsinlbecainl pogtepter

27. The devi ce of
afea gens”&ﬁ‘ag\ﬁ]e h%ht dft tor m easg Ongnaéeachar acteristic

conprlses a denS|ty of the light extractors. 28. The
device of cla erein the at | east one
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east stic conpri
sedond ltmezdmisiaingris the3first arbeaenot cembining @i the Kxpndvhienei n:
the |ightguide conprises: a first corner; a second
corner; and an edge extending between the first and
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equal footprint areas on the lightguide surface and the number of light extractors in the

first area is greater than the number of light extractors in the second area.

24. The backlight of claim 21, wherein the number of light extractors in the first
area is substantially equal to the number of light extractors in the second area and the
footprint area on the lightguide surface of each of the light extractors in the first area is

greater than the footprint area of the light extractors in the second area.

25. A device, comprising:
keys;
a switch matrix arranged in relation to the keys and configured to complete an
electrical circuit when one or more of the keys are activated,
a light source; and
a lightguide arranged in relation to the light source, the lightguide comprising:
a first region of the lightguide configured to illuminate a first key

located relatively nearer a light source;
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one or ore |anps arranged between the first and second

corners at an angle with respect to the edge. 31. The
wa@leapozesed cl ai m 25, wherein the device conpriBEEUS2008/075018

portabl e el ectroni c device.32. The device of claim25,

wherein the device conprises a cellular tel ephone. 33.
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conpri si Agecopel acgion ﬂgthﬁ hﬁhtw captigyed Kowygdnate asecond key

sai %09{%%915&9&{7 e hef BRORARL hg@%&%@p&dds' ng: (1) at

| east one reactive species at 1's’ capabl e of

unde r goi hghtaaxtractbd;- am}mgedam attermont a atrémte ofiér 1gdkguide, the
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radi cal -initiated chem cal reaction where said

conposition is exposed to the light, said inmagew se
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effective to define at |east the surface of a pattern
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e ducture having at | east one shape factor, and the
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forning a lightguide fromthe master, at |east one
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shape of the light extractors.

30. The device of claim 25, wherein:
the lightguide comprises:
a first corner;
a second corner; and
an edge extending between the first and second corners; and
the light source comprises:
one or ore lamps arranged between the first and second corners at an

angle with respect to the edge.

31.  The device of claim 25, wherein the device comprises a portable electronic

device.
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32.  The device of claim 25, wherein the device comprises a cellular telephone.

33. A process, comprising:
forming a lightguide master, comprising:
providing a photoreactive composition, said photoreactive composition
comprising:
(1) at least one reactive species that is capable of undergoing an
acid- or radical-initiated chemical reaction, and
(2) at least one multiphoton photoinitiator system;
imagewise exposing at least a portion of said composition to light sufficient to
cause simultaneous absorption of at least two photons, thereby inducing at least
one acid- or radical-initiated chemical reaction where said composition is
exposed to the light, said imagewise exposing being carried out in a pattern that
is effective to define at least the surface of a pattern of light extraction
structures, each light extraction structure having at least one shape factor, and
the pattern of light extraction structures having a distribution that is uniform or
non-uniform; and
forming a lightguide from the master, at least one first region of the lightguide
configured to be located relatively nearer a light source, at least one second region of
the lightguide configured to be located relatively farther from the light source, and the
light extractors arranged on a surface of the lightguide, the light extractors configured
to enhance uniformity in light output of the lightguide in the first and second regions,
wherein the light extractors have greater areal density and lesser extraction efficiency in

the first region than the second region.
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