H GH DENSI TY MASK FOR THREE- DI MENSI ONAL SUBSTRATES AND METHODS FOR
MAKI NG THE SAME 5 BACKGROUND OF THE I NVENTION 1. Field of the

I nvention The present invention relates to masks and devi ces and
met hods for 1Qfapri ' s ' A | Si
masks for corpexs : - 3 ST ot B A T :

t ol erances and devi ces an%Mg ﬁ@ MERTNGaFFlTE%A £s

hi gh- density, precision . : | el ated Art
As el ectronic devices continue to be mniaturized, it is becon ng

increasingly nore likely to create wearabl e or enbeddabl e
m croel ectronic devices for a variety of uses. Such uses may include

moni t or kng B%@@E@QNDZWHEQNWWT[UN adm ni stering controlled
dosages of Tmedications or erapeuti c agents via various nechani smns,

i ncluding automatically, in response to neasurenents, or in response
to external controL, Si | s, .and augnenting the performance of organs
or tissues. Exar{]pl E?ﬂ)gp@@clﬂvﬁa' tes include gl ucose i nfusion punps,
pacemakers, defibrillators, ventricular assist 25devices and
neurostinulators. A new, particularly useful field of application is
i n opht hal mi ¢ wedhapiresg¢drigeentipnaretaias e maskasws. davigeserthplathods for

wear abl l e may _inconporate a |len enbl havi n n

o ac 1 ofli cary Caling faRoaR ey S pTRAR D Breckih Athsk3 dor comalexe of
the eye. | niseid@EnSHABPSEhsteitéd aithwhxtranes todfaRess andidesicesl snd ocus,
a wearabl e contact |ens may 30i ncorporate electronic sensors to

detect concetheds Bidalkicatingithese highchensityaprecision masks.

15 2. Discussion of the Related Art

As electronic devices continue to be miniaturized, it is becoming
increasingly more likely to create wearable or embeddable microelectronic
devices for a variety of uses. Such uses may include monitoring aspects of

20 body chemistry, administering controlled dosages of medications or
therapeutic agents via various mechanisms, including automatically, in
response to measurements, or in response to external control signals, and
augmenting the performance of organs or tissues. Examples of such devices
include glucose infusion pumps, pacemakers, defibrillators, ventricular assist

25 devices and neurostimulators. A new, particularly useful field of application is
in ophthalmic wearable lenses and contact lenses. For example, a wearable
lens may incorporate a lens assembly having an electronically adjustable
focus to augment or enhance performance of the eye. In another example,
either with or without adjustable focus, a wearable contact lens may

30 incorporate electronic sensors to detect concentrations of particular chemicals
in the precorneal (tear) film. The use of embedded electronics in a lens
assembly introduces a potential requirement for communication with the

electronics, for a method of powering and/or re-energizing the electronics, for
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in the precorneal (tear) film The use of enbedded el ectronics in a
| ens assenbly introduces a potential requirenent for conmunication
with the electronics, for a nethod of powering and/or re-energizing
t he el ectronics ' i

j,nt ect th | f |
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the ability to disCern mllions of colors, to adjust easil

shifting |idgns.conditions, and transmt S|gnals or |nfornat|on to the
brain at a rate exceeding that of a high-speed Internet connection.
Lenses, such as contact |enses and intraocul ar |enses, currently are

utili Ze@ to cor r‘ﬁ?éhﬁ(ﬂn%h%e@?ésembsatﬁmwﬂo @ﬁsc@yﬁﬁhlﬂen@}ép%lgpé 3o @fList
astigmati sm However 10desi gned | enses i ncorporating

addi ti onal eamﬁoﬁ@eshlﬁlngd@gbeorudltmm&@mctfdja@am&ﬁtg@aiﬂ el l@fora“@tmltb the to
correct vision defects, Conven es are

ot uctur es bR S pIRle X RUEIIRER p fidtisBEbe TR PERGRMY Chfhdhs. as
briefly set sfigh bb cobeiee lenkeskhrrihtrageulan rreededvritly srealtilibyd toy 8biress
circuits and conmponents have to be integrated into these polyneric

st ruct ur es. Visian esfaas chcammyepiss ihyparaia ant astigmediess driewever, properly
corTe B SRR SR o R AR M L ARG ege

contact | engaRantevislost @welliaktto eptreet eistornquectsorrponen_ts to not only
correct vision, 20but to enhance vision as well as provide additional
functionality as is explained herein. Electronic and/or powered

- contract |enses ¢y Rﬂoﬂ&l%cﬁﬂ%& 15RsdY 9 ;?ﬁgﬁ"]%h %%Qtd}fl?yl il ‘Hhe%ufuc

zoomin and zoom out capabi Ies or Jus
refractive sglageads ta ¢coresctobribbe vlmamblﬁheatsrmmﬂq sah fdrtte apoveer €d

contact | enses, may be desi d to enhance ., color nd resol ution
di spl ay” 25t EQQ'GY%IG”RHFB‘?%%HMW YRNGHS CfcUits G Go MPRRe %&a’vﬁﬁ%%ﬁn
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i mge processing and I nternet” access | enses
all ow t he vveamrepraaﬁessees camnowitatidn dedoes,tpaver. su‘ﬁmd;ep,rsmrsnrgl actuators,

desi gned el ES@]E ronJ CS %Hg or_a [r;ﬁ[?l r;%g}nit%{q%l eg&b%nlln esgrgtréd ]ﬁ%sggntggy

al l ow for

lenses via custom built optoelectronic components to not only correct vision,

20 but to enhance vision as well as provide additional functionality as is explained
herein. Electronic and/or powered contract lenses may be designed fo
provide enhanced vision via zoom-in and zoom-out capabilities or just simply
modifying the refractive capabilities of the lenses. Electronic and/or powered
contact lenses may be designed to enhance color and resolution, to display

25 textural information, to translate speech into captions in real time, to offer
visual cues from a navigation system, to provide image processing and
internet access. The lenses may be designed to allow the wearer to see in
low light conditions. The properly designed electronics and/or arrangement of
electronics on lenses may allow for projecting an image onto the retina, for

30 example, without a variable focus optic lens, provide novelty image displays
and even provide wakeup alerts. Alternately, or in addition to any of these
functions or similar functions, the contact lenses may incorporate components

for the noninvasive monitoring of the wearer’'s biomarkers and health
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30exanple, wthout a variable focus optic | ens, provide novelty inmge
di spl ays and even provi de wakeup alerts. Alternately, or in addition
to any of these functions or simlar functions, the contact |enses
may i ncorporate conpanents for the nomIE;l( si.ve nonitori n

wearer's bi icatarss £iod exampls, sensarsyil o th%r'e‘@?érﬁi%a Of é’?gem
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al nost I medi ate access to a patient's chem stry w thout the
need for thmrp&aseiﬁtattmarmmtt@, coule gJlovt & physician todiaveaalmogt imohekliate ng
bl ood dr awn bui lt
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The proper conbination of devices cou potential ly unlimted

f un(r:]t i onal i o theolenses, m@;hfbe aitifized to fﬂl@ﬁ#ﬁéhgfﬁﬂn@ld@mﬁ @uths @ Wssoci at ed
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such conpongattgrr@directly on the Iens for a nunber of reasons, and it
Is difficult to nmount and interconnect planar devices on a non-pl anar
surface. It is also difficult to manufacture to scale. The conponents

~to be placed on 'I‘Heﬂ) PSOHBﬂ‘FatB ec?fyot n%% Bl gfe'fﬁ h?ﬁﬁti?@?gnl&q\it%d

20i ntegrated onto jUS appr oxi nma squar

t ranspar ent ﬂpmitupn&httymﬂndveve:rr tHezetarea ndmbeno@mﬁemt@sfas@aci@tmj Wwithuhd
envi ronnent . on the, eye, is also difficult t ontact Iens

conf or tlabl e'néﬁfp%@?'%n PBPW@@OWF"‘W@ R R'AE* 9@@3 ? i pelymgY.
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a number of reasons, and it is difficult to mount and interconnect planar
devices on a non-planar surface. It is also difficult to manufacture to scale.
The components to be placed on or in the lens need to be miniaturized and

20 integrated onto just approximately 1.5 square centimeters of a transparent

polymer while protecting the components from the liquid envircnment on the
eye. ltis also difficult to make a contact lens comfortable and safe for the

wearer with the added thickness of additional components.

25 Given the area and volume constraints of an ophthalmic device such as
a contact lens, and the environment in which it is to be utilized, the physical
realization of the device must overccme a number of problems, including
mounting and interconnecting a number of electronic components on a non-
planar surface, the bulk of which comprises optic plastic. Accordingly, there

30 exists a need to form three-dimensional shapes and to metalize or otherwise
form interconnects and offsets on these three-dimensional shapes with a high

degree of precision and repeatability.



a contact lens, and the environment in which it is to be utilized,

t he physical realization of the device nust overcone a nunber of
probl ens, including nmounting and i nterconnecting a nunber of

el ectroni c conponents on a non-pl anar surface, the bulk of which
conprises optic plastic. Accordingly, there 30exists a need to form

t hr ee- di m%@%RﬁQP%@WVENT@W' ize or otherwise form

i nt er conne on ese t hree-di nensional shapes with a

hi gh degree of precision and repeat ability. SUMVARY OF THE | NVENTI ON
The hi gh- denS|t ma r. thr ' Si o and the 5

met hods f or E'HE' ‘iﬁ nﬁH? W”FW@BL?@%WG? ADLAE® on
over cong t hﬁe%ﬁ%'f@#hﬁa‘kﬁ‘@ tﬁé I'%h %h!ltys Rlaskof & BRY@nt invention blercome

accordance wth a first aspect, the present invention is directed to
a met hod f dhe wifkicuijesns tzmeﬂmeéf@h'aamyemsks for use in conjunction
wi th a non-planar substrate. The nethod conprises the steps of
fabricating a mandrel including one or nore forns nachi ned therein,

the one or nor e | BEBrPicEasiRPadirdiGshect, e phadait HlventibANs BlrédtaH to a
substrate to be nasked, form ng one or nore shadow nmask bl anks in the

one or nor enefblods‘or making e aF Blore shadowrgaskrefossedn capiuactontth a

"o the onerenahel SuRaRe s, e Re PR oSSR SRS B AR REIRS R ow
masks, the rﬁﬁ@cﬂ@l Biciidiesl opaior efidrel forhy tharhidebthareis, Hdshant h‘ﬁ:JréYOrms
simlar than the size of the one or nore shadow nmasks.

~accor dance CAFEEPaRdNEde the sBape of AOsrRIBAE SHbstEae |’f%ﬁ’e|r§aﬂf€?decf@r@@ingo
- a mandrel fo d&%g}é‘gh%ﬂﬂj §mﬂ§n fh %o G RRLlE }nsclﬂrfﬁé!n“?eﬁﬁrél,
ace, i ng

first face and a secon Irs second aces

subst ant i alremopmigatheane omnmoos sh@d@mmaa«:ﬂﬂaam froecthennandrel, and
cooperatively associated with the first face of the substantial
cyl i ndri calmM&sHiues & eredﬂt%naﬂ%é BRIREY BiatheRenMare aﬁpwrmagelo?%@ks

cont | gur ed 1) Gy AEEHE B ST mbgka BT ARAmIRRl b tFé?H 1960, MO e

forms machi ne into the second face of the substantia cal
structure, feateremwtmtan’mmb' dimilasthaavhagize ofothep renar mpa& Bleadnmmastdsng
a non-planar substrate to be nmasked. Masks, which create regions that
are bl ocked and regions that are open 10to form a predeterm ned

pattern, are usgfuykcaRMnedvithandiRePESERSHR prekbhtZiRdehton is directed to a
mandrel for forming shadow mask blanks. The mandrel comprises a first face
and a second face, the first and second faces being substantially parallel,
one or more attachment mechanisms cooperatively associated with the first
face of the substantially cylindrical structure, the one or more attachment
mechanisms being configured to secure the mandrel to a machining tool, and
one or more forms machined into the second face of the substantially
cylindrical structure, the one or more forms having a non-planar pattern

matching a non-planar substrate to be masked.

Masks, which create regions that are blocked and regions that are open

10 to form a predetermined pattern, are useful devices in the processes utilized to
form interconnections on non-planar or three-dimensional surfaces or

substrates. In a general sense, simple masks which allow for the deposition of

a material in predetermined regions of a three-dimensional substrate may
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forminterconnections on non-planar or three-dinmensional surfaces or
substrates. In a general sense, sinple masks which allow for the
deposition of a material in predeterm ned regions of a

t hr ee- di nensi_ onal tion of

bst rat |t ip the.qptim h
subsequent TERHBA ° SrRmaion Phie SR eehgnt malSid Prrpual bisSPetan tHE
particul ar f8altyr&s to fh ﬂﬁé?ﬁﬁ?ii@ula?fe%@&ﬁe%?ﬁir dxBhRIIE 0RBEEIkE] iRtkréonnects
power ed ophthal m c device. This particular application or use of

masks is ofor &poweded ophthalmicaderiee. hhisenarticular spplidation astisesd masksas
regions and_ thi.s is 5.due,.mainl ecapse, of the quality .of th sks.
Hoaever, 1 priBhTel SoptusianR: fahaBC FEHERy s oxipadiiub raiths HPEHRTS

i nventi gn, qleemiafilPBebBgdesonme At theahaskdvhHeWwelr, i BBcdr¥nbE with
utilized to formdetailed features ‘on highly conpl ex,

t hr ee- di nernbe seyices ansk nathosissafdhe fsesait imeention) prasisiem naskereay be

opht hal m ¢ ' i N t foi i ' sk
or shadow r{é@ﬁ&%‘tﬁag‘é@@fﬁ’a&l& Mm% k%ey 'E%%s@ﬁrﬂ q%%%ieﬂf{egﬁﬁ%g%lﬁgg@ a
number of SioeMsex Ttheed-tinsénsid e stdEPaicSaIONBIIMAGBY LtNgredrin @beaiédg a
mandrel . The nmandrel preferably conprises one or nore forns or form
wel |'s that aphéhalpicappliqadionspr esent the desired internal 15profile
and fe pures of the itemor elenent to be nasked. The next step in
fabricating a mask or shadow mask in accordance with the present

i nvention i nvol Vil inethdchbf fabatatimg afmasiecoshaduve medshdo wcoasianbe aviks
in the one or nore forms, in the, mandrel. Shadow rrarg}lé]pl anks becone
t he shadow!hBeKkeSet iRveNtine CPERTISES aba'emérer]o gtepst WFEE BICRSP MRHSSS

the shadow 2Pl ARk Sr cFSRNS cﬁéf.nw§n%1ﬁa¢ Mo rBRS Kbl RSHidBRYoRe

fabricated utilrzingTany nunter of suitable techniques such as
deposi ti on grmoeresfeans ar fiain dietly thetere rooéatedita geprEsenhihvet desickdf inteathal

t in_th . f abri ' K had K i ,
accor dlAce RIPUR ARGSRIISBAY [T e G RUb/aS MR Hor B stem i
pl ate _compiaBiiaingeniRR SshaBbH IRBSRFERTIaRAMS the pRaddif iITRAGA

and 25 formng the patterns therein to create the specific shadow
mask. For mimplvasethedabdeatiomelomeongwoeshadbwdnash biankadn theyomeeberore

AR LRI e AR LN U A

the desired pattern is cut or machined into the shadow mask blanks. The one

20  or more shadow mask blanks may be fabricated utilizing any number of
suitable techniques such as deposition processes, including electroforming.
The next and final step in the process of fabricating a mask or shadow mask in
accordance with the present invention involves the removal of the plate
comprising the one or more shadow mask blanks from the mandrel and

25 forming the patterns therein to create the specific shadow mask. Forming the
patterns may be accomplished utilizing any number of precision machining

pracesses, including laser ablation.

The mandrel fabricated and/or utilized in accordance with the present
30 invention may comprise one or more forms corresponding precisely with the
three-dimensional substrates to be masked, and these forms may be
configured in a number of ways. For example, the configuration of the one or

more forms on the mandrel may be arranged to increase the density of the
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30 invention may conprise one or nore forns correspondi ng precisely
wi th the three-di nensional substrates to be masked, and these forns
may be configured in a nunber of mays. For exanple, the configuration

of the one nor e orm; he | v, be arranged to jncrea
Che. dene t yoBmST Lo RrES, thealBtlediondhiod o Bt PRafK MehhPinay e
forms on thﬁoameartshndreys@mérﬁdmbbeafa@sugﬁgbﬁ%sgngl&nanat&r Tk
designs on a single mandrel. The configuration of the fornms on the

mandrel maycaafigorationmidhe iferns enithe Wekméyramae amdified tq increase the

Poa T od t qePRafbiiPithe iBEeSS M SHEDHER the bREAIRARRG of hdendFel ,

the mandr elmay beirfodifiBahd @mireééb i @addet rernwmmg)uﬁe Shd®sw mask blank
configurations may be utilized to achieve a wi de variety of

functions. frHe the swandreh lois imroriant ko ngt%@ﬁénm%@u%atheappnﬂgwhoné

preci si on %a};ﬁpg u}ﬂzécﬁ’f @e%%%t\ﬂggg{? lat ]{‘]ﬁpke ] '| n the mandr el

preferably cohr'orns éxac r ee- di nensi onal
substrates. Accordingly, the process ut| I ized in the present

i nvention enables the fornms to be nachined into . the mandrel with a
very high degreel ¥ PisIcEoR Phie mﬁsﬁéﬁj@?tieﬂﬁ'”e{dr@"ﬁﬁﬂldrtéﬂthﬁéjrﬁﬁ'é\o@r%fﬂh?

desi gngg “fo}rﬁ ﬁ?efjﬁwahﬂfelef'ﬁH Cl‘o?r‘ﬁ‘%ﬁ trt?%] MY, e&{eﬁ%rhb éxéﬂﬁfy'to

15 ensi s an e proc |ca I 'ng
hi gh- densi ttlye Ebabs o'rfrtheathreedhmeas‘mhahsubﬁrabesasamzorﬂmgiy]tthe@r@mml de a

neans for rr& ki n etail ed,. non-pl an or. three-di.nensi onal
substrat es W Z?Q‘)ﬁ‘h\ RIesenAveRt M?%gb'?ﬁg?% M5 OHRsMachnedaBtp sy

- addi ti onal rﬁ%ﬁ&repﬁvﬁﬁ%'s\?é ecq}?aggrem ﬂrgé]%rormﬁ a%Qm&P@ﬁéfﬁabﬁoﬁa ikorth

herei n provi a cost-ef I ve~and I cl ent neans ricating
det ai | ed c@mpiEnably slesBRCERCDESERE®ThaRfioe T TRAVVBIGH [@5Tass as well.

f or egoi 59 and ot her features and advantages of the invention wll be
apparer]| fromthe follow ng, nore particular description of preferred

The high-density masks and the process for fabricating high-density
masks in accordance with the present invention provide a means for masking
detailed, non-planar or three-dimensional substrates to form precision features
thereon without the need for additional post processing work. The masks and

20 processes set forth herein provide a cost-effective and efficient means for

fabricating detailed components.

BRIEF DESCRIPTION OF THE DRAWINGS

25 The foregoing and other features and advantages of the invention will be
apparent from the following, more particular description of preferred

embodiments of the invention, as illustrated in the accompanying drawings.

Figures 1A, 1B and 1C are diagrammatic representations of a first
30 exemplary mandrel and with a single shadow mask blank in accordance with

the present invention.



enbodi nents of the invention, as illustrated in the acconmpanying
drawi ngs. Figures 1A, 1B and 1C are diagrammatic representations of a
first 30 exenplary mandrel and with a single shadow mask bl ank in
accordance with the prese i nvention. . Fiqures 2A, 2B and 2C
r e di agr ammat | ¢ BURRZAAE AN 61 JogeaBRetis BRHSe AR & Siork
nul tiple Sf@@%blﬁ'gﬁﬂﬁahbf’émﬁm MURPROEHANGR MhSKbIERRS I 88@Mahdy GAthitRE -
5Figures 3A, 3B, 3C and 3D are diagrammatic representations of an
exenpl ary ruadert inggrmly with nultipl e shadow mask bl anks in
accordance with the present invention. Figure 4 is a

di agrammati c representati on of an exenplary three-10 di mensi onal
substrate w th sEiglireesA BRBORINBD BFeHRRAAAIdtIRNEpraenkgicHRYfigur ed
utilizing a mask rn accordance with the present invention.

Fi gure 5 i £xgnplapt mandrel @spembsswiih anylibpleshagdavwexank iankssA agewdaask
posi ti oned e dllustrated in Figure 4 in accordance
with the 1!%’8&&@&%%5@%%@%& Figure 6 is a diagrammtic
representation of the substrate illustrated in Figure 4 with

i nt erconnections_deposited thereon utilizing a shadow mask in
accor dance wi t h figdrepd issa diagraenatiorepregentation of an gye@piary dhrge-
di agranpati g, add.0 : 1S I CS
and el abt r e SIoRRr Rt AR ol R AR S R B R <2
configured utilizing a mask in accordance with the present invention.

N

Figure 5 is a diagrammatic representation of an exemplary shadow
mask positioned on the substrate illustrated in Figure 4 in accordance with the

15 present invention.

Figure 6 is a diagrammatic representation of the substrate illustrated in
Figure 4 with interconnections deposited thereon utilizing a shadow mask in

accordance with the present invention.

20
Figure 7 is a diagrammatic representation of a contact lens comprising
both optics and electronics.
| DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
25

As briefly set forth herein, masks, which create regions that are blocked
and regions that are open to form a predetermined pattern, are useful devices
in the processes utilized to form patterns, for example, electrical
interconnections, on non-planar or three-dimensional surfaces or substrates.

30 In many applications, the use of masks is of limited sophistication; namely, to
block or expose large regions, and this is due mainly because of the quality of
the masks. However, in accordance with the devices and methods of the

present invention, precision masks may be fabricated which in turn may be
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As briefly set forth herein, masks, which create regions that are
bl ocked and regions that are open to forma predeterm ned pattern,
are useful devices in the processes utilized to formpatterns, for

exanpl e, elegtri,cal interconnections, on non-planar or.

Chr o6 df merLierARS i e GRGN e A PuerlnR S R AR o hiane commiRs ¢ he
use of maskprdesdPhendiondletrdensistth @atrhaPbeNANELY in hOwEIRLCHpIRhaMBOSE
| arge regions, and this is due mainly because of the quality of the

masks. Howeapplicationsiccor dance with the devi ces and nethods of the
present invention, precision nmasks may be fabricated which in turn
may be wutilized to formfeatures such as interconnect features on

hi ghly sonpl ex, THy fiet dkompiirgRedp BufabacstinFoctreatingaymagk bf shaded i n
power ed ophthal m c applications. 5The first exenplary step in
fabri cat i ngnask tyerardance with the pregead sweandenr !mwl‘ﬁﬁz%ﬁd’ﬁﬁt’i@fﬂﬁqwg Pfea
resent iny | ' i f .. "

Pac . nunbdr 0y e PTANER har B LRES! ierihe Mes PukREh by ARGl

t o shape maditizadtb shape ntachirad Wbed, ahiebtthat holisherothsevisesacwss
materials to be machined, or a tool that may be utilized to secure,
ot her novi ﬁ@atf@?lfotpst?e machied, repdral thalimay W%U@B@Gﬂépr%&uf%oﬂﬁéﬁ"?"'ng

subseqygnt | a i f ; I :
bo 1 abr car 2 (B i hotef nifSfis RpEARAR (Xt SyBeSile ARTendIBY s
on whi ch orebase fovmeusdradbizchnasksddlvanksk may Heefabdcated. NbEhspecifically,
exenpl ary ndrel conprises a substantially disc or cylindrical
hamed S OBe mancheCA ST aRe b T e s @il S Br Blars shapEW SR ne
| at he or Siﬂp%]ﬁl&rmgﬁ\ﬂecf%rr%dpne pl anar face thereof, and a flat
surface on the opposite planar face thereof. It is inportant to note

that other attachnent nechani sns other than attachnent shafts for a
standard machine | athe nay be utilized.in 20 accordance with.the

ot esent 3 nvent | dHS PRMIANAE AR G hes AU e B tsaB MRt

W th machi RegpeaERUCRIr8 WithAGHbIBY FIVHE lshiaftd fer StRHM RS & MabhinkhSthe or
t hree- di nensi onal surface or substrate to be masked is duplicated one

or nore tiéBilandeviemon onetpianar firae fineriend anscaflpbewlacy or taoppesite
e e I L e L A
or nore paftiggrthanmatiaehMnt shafts for a standard machine lathe may be utilized in
20 accordance with the present invention, including attachment mechanisms
operable to work with machines comprising vacuum chucks. The exact pattern
of the three-dimensional surface or substrate to be masked is duplicated one
or more times, via any suitable machining technique for creating intricate and
or complex geometries, on the flat surface of the mandrel. Essentially, once
25  machined, the mandrel will comprise one or more patterns or forms
representing the desired internal profile and features of the item to be masked.
The pattern of the three-dimensional surface to be masked may be machined
into the flat surface of the mandrel utilizing any suitable techniques for
machining intricate patterns, including the use of a lathe, which explains the

30 need for one or more shafts for attachment as is explained in detail herein.

Although the exemplary mandrel comprises a substantially disc or

cylindrical shaped structure, it is important to note that it may comprise any
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representing the desired internal profile and features of the itemto
be masked. The pattern of the three-di nensional surface to be nasked
may be machined into the flat surface of the mandrel utilizing any

sui tabl e technjiques for chi ni intricate patterns,. including,the
doe of o I SuBbR s b S e e Rheas iR for SHANTe 1
attachnment @m-icyredthriti@dnbp baaitdi-Ed her ei n. Al t hough the
exenpl ary mandrel conprises a substantially disc or cylindrical

shaped structure, it is inportant to note that it may conprise any

t
sui t abl e shape | on a _form be chi.ned. t herei n. For

oxamole. 5 aon- 28 of el malilaly e St BF D aiVickaPEfadbw sk plank,
mandr el 5 t hghdstheeddiiredmumsiévafiidosha@e breis tblbfabriba@adort B&ingle

desired nunber of shadow mask bl anks to be fabricated on a si ngl e
mandr el detraandigbdetesminamow snany Brmsarfome wellsare maghned ite the flehe

flat surfa f t . el |
or requi re%?lrt?aﬁg ORERW%%leflt&a%%ryec@%réegé@gﬁggl | nécjﬁ“;%ga(#rsrse aggé(?j‘etﬂe
structure rmaahdrel prasrabhdoepliséeasi/indicsl ehupéd saustiungrgthat tHaehaeric
shaft centered on the opposite face of 10the mandrel. If; however,

mul tiple fdkastseturemitiesingleptacespneshalt cerigird ea tivn oapesiigfase of
mandr el thee W?é]%r?l‘. |Prrfc{v%\?e9'%.uTt@‘Fé‘Hrﬁ% ﬂ%ﬁ%&&%"dé&iﬁeﬂ%‘%ﬁguﬂ’é&h
a single attachment sha positioned on the opposite face of 't

mandr el andncasingle thaveihélntheemahdfe pneferatflp requirdd a dRershapandEteicturt

thirteen (13) for are machjned intg the mapdrel, then thiyteen (1
~attachnent Y8hb# £4] éttﬁ?)fﬂféam%PQ\?'P%”%&@”ég‘ﬁPQP@aﬂ%Fﬁf@&rﬂtbe%‘ﬁmcgf&'g)
each form Ay Seleldd BdhiRd4en f&wﬁé fthi RelMRBE eQEﬁBﬁ’é}'i%é@Wﬁ%‘?

utilized, for exanple, ones operab to work in conjunction w
machi nes hduimgaranachiretduotcstheThasdedibenithigiees (i 8paitadunment shedts are

T 0. S B ol SR B Bt gaboree”
Symetric, o ARRhhAGRREEhATGhE MAPLE ALfAFoLexh bR, bREs epBFAle B

the form In addition to each formhaving its own centered attachment
shaft, thewakdr ebnjuscipreihabhghines hedintrwaeuem ¢hyitgeilghs ceniesngas

50 1At 10, BHBLE 5, WEPINS LSRR B, g P e
enough to wstdeitieadwWilea s61a86§ 860!, B drdiehforaRd fo@ato BE symmetric, the
20  attachment shaft has to coincide with the center of the form. [n addition to
each form having its own centered attachment shaft, the mandrel is preferably
formed from a lightweight material so that no wobble is introduced when
machining a form away from the center of the mandrel, for example, near its
perimeter, and strong enough to withstand the stresses, strains and wear of
25 repeated uses. In one exemplary embodiment, the mandrel may be fabricated
from a lightweight, high strength-to-weight ratio and relatively inexpensive
metallic material such as aluminum. In addition, because aluminum may be
easily machined or in an alternate embodiment, chemically dissolved, a
complex form may be produced with near exactness.
30
In the exemplary embodiment set forth above, the one or more forms
may be fabricated utilizing any number of techniques for fabricating precision

and/or intricate/detailed features. As set forth above, a lathe or other turning
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25 repeated uses. In one exenplary enbodi nent, the nmandrel may be
fabricated froma |ightweight, high strength-to-weight ratio and
relatively inexpensive netallic material such as alum num In

addi tion, t%ﬁgﬁ@ﬁg s%}:H;ng%erWillgi?ude@%t% @%}EEW%&@Q%@“@}O Wik Palfral

enbodi nent , m c¢a ssol ve a co orm uced W

near exact ngsyntidflic diamondltippebdosisaopaiatioate tihedhswntmeetfofmstima
above, the one or nore forns may be fabricated utiljzing any nunber

of techni qUESCeHT KRR B8 AiRMEN P tdHBING nEasonG pRint HranNges & Medi-

f eat ures. h . . i . i na:

b a i n- g brafs uABRNR il Bfacils SRABENHIRE GOl DM
synt het 5c  dietiesind comeer huwokgcalaohibt latlade Ebeh snecassiveniathd iorthe i n

a process known as di anond point turning., K Dianpbnd poipnt turning.is a
mul t1 st age STEEES BIOTRREFUIAE RN e skl MuhadBs! SRPRICR FeRgSH Biamond
carried Outﬁsobbaltpér iﬁﬁhtiﬂzé?ﬁf Lot sGOMRMbRItOMIRE] SfttackOfHisis %ﬁ& hes-
Each successive [athe inthe series is nore accurate than the last.

I n the finahiceireptenffomhacsenaces, |a ahi aterndte éxpgpeplanoembodinuent], theedne o

schi eve Sunenoreter LevBl HEiacs i ahenps nd st crarmtar form
forms nay Wgefmdydis@ifde WhacHigingTs 8l Rl rFENR0e8ssMAB I RO

10El ectro- discharge nachining i's a manufacturing process wherein a
pr edet er m meddstieapmeidssupedis dtained IUtilizing ed¢aidealidisuhaggesivaicgesve o

renmove material., thereby creating the predeterm ned. shape or form
- The next ei’éﬂiﬁr"ﬁl»ﬁh%@@% Cir%atf%thpgﬁ?gﬂfgwn%igﬁﬁ%arfé’rWask or shadow
15mask in accordance with the present invention involves the

fabrication of one or nore shadow mask bl anks in the one or nore
forms or form wdlNesnext exgapleniditer in Bihagslingras kraatiagismMeek ershadew

shadow S e S| c -] t S

bl ank 48 gt inodh T ek RIS ELE invRpfigh rydles' e ARACRKT B
forms precigsehorensizelovt Mask biatks idhdonensirmorl fosme fordernovelis s thieat e
to be masked, the forns in the mandrel are the nolds for the shadow

mask bl apkéﬂamqfehﬁaﬁ%\ﬁ@éa% l't"ﬁnkfhBe@Q@ﬁﬁhﬁrSPaQﬁWdﬁﬁﬁlﬁ\@ﬂ@Tth?r@Sired
present i nyeRLOR o iH3aHeWNTRSY RLASRKIIRYaLE H@MibER etail

subsequently. Since the one or more forms precisely match the three-

20  dimensional surface or substrate to be masked, the forms in the mandrel are
the molds for the shadow mask blanks. In accordance with one exemplary
embodiment of the present invention, a shadow mask blank may be fabricated
in each form in the mandrel by an electroplating or electroforming process.
Electroforming is a metal forming process wherein thin parts are fabricated

25 utilizing an electroplating process. Electroforming is utilized when the part to
be fabricated has extreme tolerances or complexity. Electroplating is a
process in which metal ions in a solution are moved by an electric field to coat
or plate a metal skin onto a base form which is then removed from the form
after the plating is complete. Because of the nature of the process, high fidelity

30  structures may be produced with this technique. In other words, electroforming
reproduces the form exactly without any shrinkage or distortion. Any number
of metallic materials may be utilized to fabricate the shadow mask blank. In an

exemplary embodiment, the shadow mask blank is fabricated from nickel with a

10



in each formin the mandrel by an el ectroplating or el ectroformng
process. Electroformng is a netal form ng process wherein thin parts
are fabricated 25utilizing an el ectropl ating process. El ectroformng

is utilize f y ext I e OF
compl exi 1y OH RSt terhBeR SHoBPfited B8in (g 1 AT o B RREG TS
sol ution ar@s50prestoly. #s@éhpottantctofnate dhatche dhickessbiathe shageemaski n
onto a base formwhich is then renoved fromthe formafter the

pl ating i s Ranpmavevargdengadingron the appligation andiBupthscreseshiqyfprm the
fidelity 3 r ' L S | her
wor ds, e|egﬁ}Sﬁgﬁﬁéﬁgb?@%}@%ﬂ@@gﬂgﬁﬁqWﬁ?ﬁggﬁﬁi |@§&??hgﬁ§rgk@aﬁ5
shrinkage grodgsg.ortion. Any nunber of netallic nmaterials may be
utilized to fabricate the shadow mask bl ank. In an exenplary

enbodi nent, the shadow mask bl ank is fabricated fromnickel with a

total thickness e)P&t%ﬂ?i%ﬁ%’g&bﬁ?l%%&éﬁmfa”kiirfﬁéf?rgg 8F terhe%:ﬂﬂllj}]aeﬁﬁ%k or

hundred-fifty (1 m crons. ant to n
t hi ckness ahatibe mhaklonwacesiabtankthithy presgnt degEeidnngvaives thee removal of

application and th t he process to formth hadow mask b] ank
change T r onhePatE e Taf AR (10 e ek M aE Be antrel and T
next ang fifpghin >$ﬁ§”®'g%¥n§ﬂ~% ih{%%‘;c?%été@iﬁé;sﬂgd% rﬁéﬁ@tTHpratEWBé

shadow nask in gCCOI’ ance wt ) resen |annt|o_n I NVO ves t’he
renoval of remevptdtam de trrendosldn @ nurober shadpsy inelpdingl thalchemieah t he

mandrel and 10 fprmng th atterns therein to create the shado

mask. The prar¥aheihednandih anrhysitalisparing & i cammieti- Mhys,
including tReorhFeadth baER%EMpMry tdhtbIBREhebf BheBites FaRbvaRIaRat i on
of the two cogonents. I n accordance with one exenpl ary enbodi ment of

chemcal r |, dihe mandrahitied] may be dissalyed withsethemigpl thet anbysisiaetsd

e ST LA 1 PR B, B

physi cal | y maflablahksl afé pRyS$ibsllyedpiraledfesdahe Yn@idrel mahobif bEvia robotic

mani pul ators and placed in a fixture for further processing, i
i ncl udi ng ém@apvhagorﬁr?@dsmaa%wrhailx@rworff@rtﬁﬁhgrqqeéswgsmce@lmsf@twg

e o) P4 B0 B WP SRRl BRA o AR physica

separation, the mandrel may be shaken, vibrated, tapped or otherwise agitated

20 to create physical separation. The desired pattern corresponds to the
particular application, for example, electrical interconnects. The pattern may
be formed in any suitable manner utilizing any suitable means, including laser
machining, laser ablation, plasma etching, and/or chemical etching. In an
exemplary embodiment, the pattern is formed in the shadow mask blank by

25 laser micromachining. Accordingly, once the shadow mask blanks are
removed from the mandrel, they are placed on a holding fixture that is
compatible with the laser machining system. The precision of currently
available laser systems makes the micromachining of extremely intricate
patterns possible. For example, feature pattern widths of as small as one (1)

30  micron may be achieved.

Once the one or more shadow masks are complete, they are transferred

from the laser micromachining fixture to a fixture or arrangement for mounting

i1



20 to create physical separation. The desired pattern corresponds to
the particul ar application, for exanple, electrical interconnects.
The pattern may be formed in any suitable manner utilizing any

ctching, aniamastEiy SaPead R BT S e R o ik B Be Rifed o
pattern is dreares fingl pradush aEevemsiiebif #k byl pFollastes tberamedagithg.
Accordi ngly, once the shadow nask bl anks are renoved fromthe

mandr el , t aipshipée foraleeirionl iatereanmiasts en RNUpeet frita PeweERdBRHBFIERF L h
the laser nRghin OHaddhy i e s s&dﬁw?om fUhE G B Q?é@'ep%ﬁké‘d
| aser systens nakes e mcromachi ning o exetrerreyln‘frl are

patterns pdisurelthat Wouldexwwpiar thé afterwoanpet inatariaMis bbsiepbsied sntl Iheas
one (1) 30 m cron nmay be achieved. Once the one or. nore shadow

masks are cosiraiethrengly thg epenigs iiecthadaghingss. 1AYetuitable deposition
m cr ormachi ;}jraseéé ffltagrbﬁ]&fﬂiz%dftpﬁtt i8S nfatBie aﬂﬂ%@@%hbgﬁétemum ing or
emto e sur S

tenporarily Sécurin ace or substrate that is to be
masked to create a final product. For exanple, if the final product

is to be utiliz s.the substrate for el ectrical, interconnects on an
sert for b polgeRting o B, 18 ABH 1S aheadl ks AmBeEhIaTy
securedpt o j j ' ' i I

ST ow o Cairel 800 raRircta Bhaf RARFOClRSMeib102 Hdfhdd o ¥Rb anar
substrat e tfacedfi thémod peiglregsA}, the keeripdatywnandiel 120 withua shddev mask

d it be utilized that, i tib ith th
subatrat o HEePRRs 08 Mg e Shde TBoaEmeak e 105 rirad Breang
~an exenpl anpiglPaaryr shd #HROsMRIEWD tha kI ) s|aft@r106%f&%t€uwm tHrhandrel

machi ned into one pl anar face 104 thereof (Figure 1A), the exenplary
mandr el 10008 (Figuresia)d ovheraleadaw araskpdianke 108enanbeuas agt forthi atgive,

S S LR N il T PR
shadow masks BkadrkoekDit deyil Bebsasues@ly. okt froabey atilized to fabricate the mask
from the mask blank, for example, laser machining, may be utilized to remove
the mask blank or mask form the shallow mask blank plate 106. In this
exemplary embodiment, the mandrel 100 has a substantially cylindrical shape
20  as only a single form 102 is machined therein. An attachment shaft 110 for
securing the mandrel 100 to a lathe is illustrated in phantom. As set forth
above, if another process, for example, electro-discharge machining, is utilized
to machine the form 102, no attachment shaft is required. In the illustrated
exemplary embodiment, the form 102 comprises a number of layers and faces
25 that match the three-dimensional substrate upon which the mask is to be
utilized. It is important to note that Figures 1A, 1B and 1C are for illustrative
purposes and do not necessarily show the level of detail of an actual form. The
mandrel 100 preferably comprises aluminum and the shadow mask blank 108
preferably comprises nickel. The shadow mask blank 108 and the shadow
30 mask itself may be fabricated utilizing any suitable processes, including those

described herein.

12



15 renoved fromthe shadow mask bl ank plate 106 to formthe shadow
mask as is described in detail subsequently. The process utilized to
fabricate the nmask fromthe mask bl ank, for exanple, |aser nachining,

may be utilized e e, th | 1 ow
mask bl ank pl at é&ﬁﬁét qtﬁ)@ ﬁeeﬁﬁ%gf@ﬁﬁ%gg%ﬁéﬁ%% g]mmf‘[%n rel 100
has a substgfigatdtioneyinch@ing alsupBaneialP dre dhipedastichgkdof IrMidd2 i s
machi ned therein. An attachnent shaft 110 for securi n%tt he mandr el

100 to a | d0Héplesshadaysmaskedanks omariingle shedgwtmpsk platapbimires £A, 2B
anot her P QffS5e ilﬁrﬁéaﬂx%nlpgéﬁf%égsﬂ% tﬂﬁ{ag'@rsha tﬂé\ﬂlq nﬁLﬁtlpIeéorr?s

utilized to nechi ne t m no~ a ewre

the il gst ratfen evigid (R yaehipediinendne pladaf toa thwfr(F@ﬂe@A)uﬂMr
of layers and faces 25 that match the three-dinmensional substrate

upon whi ch @KERANCIEE shapgd mandrek2l with § @aq%maéhtb K Pt 2P at

Fi 1A
nggg;gzl I ;nélﬁ Bq'H&ﬁ-}f)evelEICR?N wels‘liscflérgiéé %ﬁS gﬂért ua or m ﬁﬁ%%%%dragp
100 f er ahé yhad sis blainlrplater2 Gohske gdr tes:hhsulmvtm &ndireh B0 1 2C
pr ef E:Sble; Oys ra' gwgmai keln rrjThe spag y gﬁgﬁ Et:%ré g’ﬂ 1 @ure dO\)N
ook 1t S Rl shadowciasioiaoRs coprb kA Aistaee (5Agigadeasty
| ncl udiing (SAaRBuARSEK bR ARA\PHE remBFed fbn el faskMarpgiebos

I ng ?

my COprI’I se any nunber of ¢ | gurat I ons, 1 nNncC a subst ant I a
di sc shapedo $onmuthaisieadaw mmmgzmglthepsbmeshmm aadk ublizetkio fabnaate

i ngl h t 2A, 2B and 2C jllust
oxonp! ary. dhe ks e i plRRSL5 Rame 1ARF Meamy oo e Sfpray
vell's 202 rehbdifféntthe rﬁé‘ﬁ’dr@:l QOQ%aE%CQJ@ﬁénﬂéT@r@ﬁ shdp ety ScobMmotiBfe
exenpl ary disc shaped mandr el a shadow mask bl ank plate 206

i ncl udi ng rﬂmmtﬁtl@esfnﬁd@mmacmnadmmrzwe The siee affiee amg BVuhe 2B),

(i qur &5 50 Ul Sl P2 Bl s S R BRA RS0 400 ae TR o 6P°
i |l 'ustrat edleipendeht @rhod@thuyerlor@ﬁmmlmsbi@mmamah@ngemgdy

fromthe shadow mask bl ank plate 206 to formthe shadow nmas
utilizing tsnéablarﬁ@r@guaaiw akhg sonfiguratien may b%mq%feﬁcbfqrwumbﬁgofr rom

the bl anks’re%sﬁcfns Eﬁﬂﬁﬁé’[g@ﬁ@h@é?%ﬁ {ngllgw:la?a%‘F . Ho¥ example, the

enbodi nent di'sc Shape to
acconmodat @ohﬂgu@lﬁbhlrpia;@bé@ﬁ@@ﬂé@?o iIreedaseethet dersityn. Inﬂﬂeersumelspfhet he

forms 202, the 15nunber of forps 202 and the size of_the mandrel 200
are al BOr elcapiguregiopmay be modified to increase the number of designs on a
mandrel. The configuration may also be modified to increase repeatability in
the process. In other words, the configuration may be modified to increase the
ease of removing the shadow mask blank from the mandrel. An attachment
shaft 210 for securing the mandrel 200 to a lathe, illustrated in phantom, is
25 centered behind each of the forms 202 on the opposite planar face. As set
forth above, if another process, for example, electro-discharge machining, is
utilized to machine the multiple forms 202, no attachment shafts are required.
In the illustrated exemplary embodiment, the forms 202 each comprise
identical patterns of layers and faces that match the three-dimensional
30 substrate in which the masks are to be utilized; however, different forms may
be utilized on a single mandrel. Once again, the mandrel 200 preferably
comprises aluminum and the multiple shadow mask blanks 208 preferably

comprise nickel. The shadow mask blanks 208 and the shadow masks
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dependent on one another. The multiple forms 202 may be arranged in
any suitable configuration. The configuration may be nodified for a
nunber of reasons or to accomobdate a nunber of design paraneters.

For exanpl Lgur.at. i . i fie 0. I

densi ty. 1 el MR g Bethb B R g R e ple sk RE R P those

i ncrease t hizgerbbéhepdindeSh@nsagain, R idmnstrednt td hete ot iRggUrat i280) 2Band
al so be nodified to increase repeatability in the process. In other

wor ds, the ¥oRfe GUrityStERIVARKrBRSSRHANT Aedd feraesasis eftast thaleyebef detail
removi ng thﬁaﬁqﬁgﬁ 'Eﬁﬁk bl ank fromthe mandrel. An attachnent shaft
210 for securing e mandrel 200 to a lathe, illustrated in phantom
is 25 centered behind each of the forns 202 on the opposite planar
face. As set forth above, if_ another process, for exa

|l e, :
el ect r o- di schar dB as&erdancegrith §”Lﬂtﬁfﬁaiﬁcfxﬁﬁ‘ﬁ%rﬁrﬂléoqi%%rﬁiﬁ%%'ﬂ eatures
forms 202, fﬁﬁg ?{o?ﬁ%hff?é‘%}b&@&é&rgigg %)%g‘rﬁb%@}jembﬂd : té'nﬁé&?fyé%%ined

exenplary e nment, the forns nprise identical patterns
of | ayers dnih 4 aingse héatdesidre hFighesd BA 8B dB Gramsl 3D dlusBatss tHis blitatnate n

whi ch the masks .are to be utilized; however, .different for b
T zed orPEn RIS TRl cepemblceesign Elouh aA g ars suianalualse
conpri S@s 1 t L i abl
conpr i 4% Bidpea W ARTe D CRNBHANS IGRIN SPPIBRSE fehinjeposabl Y
t hensel ves thergie Thissuhstardillytdisd shapedastyuctuiet 3 oqyrloe tdxsicated from

i ncludi ng those descrj bed herein. ,Once again, it 1S..l rtant_to note
that i gur VB b S dhdlud B S et Setins bRy TS not
necessari | thiigheedle dpenirRéeel00brdgkad ko bBcett satdlé hardPendtrictures 304

I n accordance with an alternate exenpl ary enbodiment, certain

features fMgth dsingleformher o/ well 886 thevein. ek bapingle mansiseli staietwenls

11 ust oAt o ey B8R RlAR R R AR R B alnd e s Bitay e .
3A i | | ustr abesbivatiarbet et dustantiilly diskOsimrerstaldtuet 3T®asdhes eiMgld Si ng
a plurality of through-hole openings 302 therein. This substantially

di sc shaped@idrgtiive@uBDB0MigMba mandriet asermboifSan|he sinets mandrel
oL o RS A BB oS S AR ol AR
si ngl e f or mngrsuitabla mwebhs 30trenierabiynattddteng taghe amatithreforsixavnilerda
304 20  threads. By having the elements interconnected in this manner, various forms
306 may be incorporated into a single mandrel assembly 308. In other words,
on a single assembly, different forms may be utilized to create different mask
blanks. Figure 3C iliustrates the mandrel assembly 308 with a shadow mask
blank plate 310 and associated shadow mask blanks 312, and Figure 3D
25 illustrates the shadow mask blank plate 310 separated from the mandrel
assembly 308. As set forth above, it is important to note that Figures 3A, 3B
and 3C are for illustrative purposes and do not necessarily reflect the level of

detail in an actual form.

30 Although no shaft is illustrated in phantom in the mandrel of Figures 3B
and 3C, some attachment means is preferably utilized to fabricate the mandrel.
For example, a single shaft for attachment to a lathe or a vacuum chuck may

be utilized.
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15may be identical to those illustrated, in Figures 1A and 1B.
Essentially, the conbination of the substantially disc shaped
structure 300 and the single mandrel structure 304 form a nandrel
assenbly 308. The single nmandrel structure 304 and the substantially
di sc shaped structure 300 may conprise any suitable neans for
renmovabl y attaching to one another, for exanple, via 20 threads. By
having the el ements interconnected in this manner, various forns 306
may be i ncor por atkeishagaw sagkef the gk lingdioninay begitilizad entaty

create dirrunpe PR b RS TR Bt e b
assermbl ¥ 3QRustidtds anshed exersidn/dubzkapd 208, THe sutdtragsoch ai@d ashardow
mask bl anks 312, and Figure 3D 25illustrates the shadow mask bl ank

plate 310 dephrakora. be SrRaROMRIRA &N erfdbalplig dsuige orsystam ffer example, a
above, It '@ri’a%&éﬁ@életcgoﬁ@tcﬁaorttngihig \eHY e@igéfr%e? lﬁ@g?‘ﬁf&ﬁé&p@@é@?

Il lustrative purposes an necessari |

detail in attrivctesdf therthres30ibhdrimieitd) aspesheff theistibistratésdd@bediepicting a
phantomin the mandrel of Fi gures 3B and 3C, sone attachnment neans is

pr ef er abl y QiP$$-FSEiPNah CHERFO8S APATHRN RAHM substiale 400anilesubstiate d08
shaft figr Wgé% Ll 4zed
The shé ow%r?as 0 rgtrhégtgfgégmhe?[ﬁ%% t%g%’%m%ﬁﬁal%lﬁwggge%&air@% 404,
nunber of suiskinteatresiiatedediudesd06 landet(l. ke showal esctbef thasednteFingdiade
4 5illustrates on ch e | ary substrate 400. The substrate 40
s serertrenedh e RS ehbHoreEs GiecaRienaaRa eviak
system for, X@W,ee Al o [ ' thal imi-eqli )
Figure 4 i Iei ustrat esmgoﬁlﬁ{n%@?h@fﬁgbttﬁ?%H?ggé%;uthg%?h%uem&?%ﬁs%ﬁonal
aspect of topdthkalse leasetheodiffeyertepndidighi feoro tis sdgecpherdi? todhe mentrak

i f th b 400. sub 00. 10 i
ouber Bort PoRCaERgY Broas ol (4T ST R b e iR ate TR b%s 49
i nt er nedi atgdf £379 Hfa@&n%ﬁo@mee%i%wﬁdiﬁ@@m%@ﬁlﬁmm befifséh 0.001 to 0.5

intermedi ate features 406 and 408 has its own | ocalilzed

t hr ee- di mermillioiiers witbthgyplopea of seerpidamialie thergéohuatindmiemeaboLt iwo (2)
FubsLy t e 199LEBuhE0) KRB WRRLEABLPHGD ¥ cibihot e ence
embodiment which focuses on a substrate 400 for an ophthalmic device may
20  be useful in describing the mask and method of making the mask in
accordance with the present invention, it should be readily apparent to one of
ordinary skill in the art that essentially any three-dimensional substrate is
consistent with the shadow masks and methods for forming shadow masks as
described herein. Of particular note; however, is the extremely detailed nature
25 of a substrate for an ophthalmic device and thus the need for a mask and

process for making a mask with such extreme folerances.

Any shadow mask fabricated in accordance with the present invention
for this substrate 400 preferably conforms to the precise shape of the substrate
30 400. In other words, a shadow mask prepared in accordance with the present
invention should preferably precisely conform to the shape of the substrate and
be positioned as close, surface to surface, to the substrate as possible.

Referring to Figure 5, there is illustrated an exemplary shadow mask 500
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15zone 404 may be up to four (4) millimeters, and the internmedi ate
features 406 and 408 nmay have | ocalized height differences that vary
between 0.001 to 0.5 mlIlinmeters with the slopes of the sidewalls

Wit o n dedee iesf o e Hiostie bl v he Rl R AR RS Bie shepe
substrat e 464Qhé arfularhidnaee qod%wa%mme%%m@u&wmhem@eWI bi ng

the mask and net hod of maki ng the mask in accordance with the present

i nvent i on, daposiisum ef rbatar@égnwh@@épﬁé’ﬁte #00 meeasiredr dinsashiadsy maskn

Ll ot RS Bl b T BT B BE R S estionesce

as descnhi begbt f@tiehareifX |fpasdiesotiltsd Bbd e, thewebelrata 400 isea exinpbenehyof
detailed nature 25 of a substrate for an ophthal m c device and thus

the need f@"n @pmtagkniarﬂfviﬁe@ékmtmhmw H@Sé Ssmayiberttiiged te e me
tol erances. COHdUCtIV? ﬁ}g ?ﬁ’l i su rat é‘?@ td 5 CqHk ng‘@togﬂpttﬁg

present invention G0 pre era y con

preci se shapadofv sk §Obssﬂmaltcbp|%em®@ cdrrespidmiﬂo%edifeswad metécrwfd’rﬁbk
prepared in_accordance with the present invention should preferably
preci sely WHP*{W?HW#’%W&B@“% 1St he substrate and be positioned as
close, jpurface to surface, to the substrate as possible. Referring to
Figure 5, there is illustrated an exenpl ary shadow nask 500

posi tioned on tHencuthst steadowl oask B witha itewspasiktdsDutooisf Tidis pasitidred

h f th ticul bsirate, 400 and 502
nor ever 1 RdlaneEiingih B MG R g B erReral BURIAlE Ao shadow

required. W@sﬁﬁ?ﬂ%é@%cé%l&@brﬂ%wéudaﬁ@'tédﬁnﬁ‘dﬂys%ﬁﬂlﬁ'ﬁlm\‘ th any
nunber of deposition techniques as 5set forth herein. If,

descri bed abanatjorn my%sﬁlrzaﬂelmﬁmrm@sauf&@rdmt@momf agoldpgimhahitiaugh

devi ce, .then_t shado |I1 C |ve
T acoctnt & el Tunig SRR R B BGieecrrtshL Sup QbR RGThat

shadow mas kupitos s ditth 8 wHicH 8reabbnsisteht @ﬁﬁ%ﬁﬁ%l@d dé]:%sﬁi%ﬁ r'h@? bealtilees,
for the conductive traces/interconnects. Once the shadow

mask 500 witduding ragtedici fineddiglradiie glnm;hlg@kgb@lagﬁr@ﬁ@asaw@qtlgﬁ@@d

upon its ”%%héq}@&ﬂ{:&grn% mensi onal substrate 400, the shadow maski ng
process is conplete and any suitable techniques for thin film

formation may be utilized, including sputter deposition of a gold
film Al though 15a gold f| Imis set forth in this exenplary
descri gPi on, it Aflesine dseositpa @re¢ris hameeeuperprmed %ﬂ@ﬁoﬂtf%n

N ALt i e e S
non- conductcowespohdimg to the cutouts 502 as well as on the shadow mask 500 itself, a
resulting substrate 400 with directly formed conductive traces/interconnections
600 is formed, as illustrated in Figure 6. The shadow mask 500 has directly
25 shadowed the three-dimensional substrate 400 in regions where conductive
traces/interconnections are not required. In the regions corresponding to the
cutouts 502, however, conductive traces/interconnect features 600 are formed

upon the surface of the substrate 400.

30 After the conductive traces/interconnect features 600 have been defined
in the manner described, in some exemplary embodiments laser ablation
processing may again be used. If the conductive traces/interconnect features

600 defined by a shadow mask 500 are not of a precision that may be obtained
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20After the deposition process has been performed to deposit an
appropriate thickness of gold filmonto the substrate 400 in regions
corresponding to the cutouts 502 as well as on the shadow nask 500

itself, ar t hst r.at 0 ' ' . '
traces/int e"?@g !?ﬁ&gg.bgax@ ﬁ6f§% (?%tﬁ}e%r %ﬁﬁcgls/é ?'%%lﬁé@rﬁtgfﬁq‘ieﬁf)%%gﬁ%é@o
The shadow maglbeSOimmasl” dr fatidritotinetadmmeth theeisehifagssh amaidrn N some
substrate 400 in regions where conductive traces/interconnections are

not requi r XeNMMaphampeginesiys ceHghelsisynimgnyay sesybindoirsoyemsots, in
" ! . _ :
e o SRHEHBYR 3¢ REHESEPBSE o RS Ean AR B0 GroAtTay Be"

t r aces/ i5nt domnen dytsHadatiwmeskifgGindathenbbangddfin sathilimanhersignaser
described, in sone exenplary enbodi ments | aser ablation processing
may again FPIRUAN. 1f the conductive traces/interconnect features 600
defined by a shadow mask 500 are not of a precision that may be
obtained wth |laser ablation, the defined conductive

t races/ i nt er conr&tiie tleamasks addimathodsdol hrakingeaiasks irf actdrdanckefithdde

t hrough t he e of laser ablatign. In sone exenplary enbodi is,
such tri mmimGSeRlNYRIAN MAK Heiged FBAY PUPSIHBySiERRIanCe MEBdIments
f eat i £} f

eat ur g Vq{a\(/e%éé?\edéébrﬁgﬁ v@ﬁifdf@%ncb%w&fa@@%ﬁﬁcrg@%y% 2 chRIpHR@nt

by shadow maski ng and t nged in s manner s aser
abl ati on. of an ophthalneic deriosswlaystand. ftehagzh Opinthatkicropvitesdessyistem is a

accordance with the present invention ,may he utjlized, on an ,
Slbetrate, RANtBH AT PATHAGH rmect ebSh ArebpbicsYdeg cPrREeRPE, a brief
reference tqaseristihsbf ah @xehipity Pvered ar eRiBd@nRNEofthciBng hs&eforthc
device or system One such ophthal m c device or systemis a powered

or el ectroriegeipont act | ens. Accordingly, for conpl eteness, a brief
descriﬁéion of an exenplary powered or electronic contact lens is set
forth rein. 15 An exenpl ary powered or el ectronic contact

l'ens conpri ses Weemﬁmpw@kmné@ctrgnmwm@ét lengltompeisbaiie t he
vision of patients with one or nore vision defects_or otherw se

perform a WNEEFEFAYHEMENH i@ FairRat pOR/Crienhaage the Nisiamelpafigntpwith one
utilized sigyphyret AsiGARBAEAs B O Wi h@fotl aRis¥li Eprihalmic function. In

addition, they may be utilized simply to enhance normal vision or provide a
20  wide variety of functionality. The electronic contact lens may comprise a
variable focus optic lens, an assembled front optic embedded into a contact
lens or just simply embedding electronics without a lens for any suitable
functionality. The exemplary electronic lens may be incorporated into any
number of contact lenses; however, for ease of explanation, the disclosure will
25 focus on an electronic contact lens to correct vision defects intended for single-

use daily disposability.

Referring now to Figure 7, there is illustrated a contact lens 700 that
comprises both optical and electronic components such that electrical and
30 mechanical interconnects are required. The contact lens 700 comprises an
optic zone 702 which may or may not be functional to provide vision correction
and/or enhancement, or alternately, it may simply serve as a substrate for the

embedded electronics for any suitable functionality. In the illustrated
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20 wide variety of functionality. The el ectronic contact |ens nmay
conprise a variable focus optic |lens, an assenbled front optic
enbedded into a contact lens or just sinply enbedding el ectronics

ol ectroni ¢ oL oy SREoS Kby LR, o dReL IR bR En S S sfibg 02 i

| enses; hovwetenided sucledss itdbrmas Rl SUMRtian 704 i odlivBigitie itk elastrbhicdafrecus
on an electronic caontact lens to correct vision defects intended for

si ngl e- usedttpshed. dilepisanisicomppnents eWeh ag SABICAIUCIY e 796 ankdpaligries
i |l ustrat , i i cal-and

Ll st ot el EOMAR ol AR F AP ATRGKaSR BYh0 oLl el o

i nt er codnedfenductive écpcesed.2 dibetricaiy mtércbrnscttie etestiyriic esmabneptsi 706

zone 702 whic y of may not be functional to provide vision
correction %P?E?%%ﬁf\%ﬁb‘é%ﬁ@j%- Iy thergxempigry smbadimantifisiraled.ve as

a substrat ecofn‘ahcfi\h@HgE@‘?’qQS%%@EM%@%?&Q&&%O@B fc?tlﬁleq;r%nét optic

functionality. Int I'lustrate exe ary e ment, t
pol yner / pl as¢dtooder td,rand bendipttive tramee? T202cormeskd serdadnsluctor die 706 to

forms a suhstrate 704 upon which the el ectronics e attached.
Hectron o ihashamcataenrats 2a: b Adtiasiie BYe" 768 uakbasiiad s 708
connect; pbotdynFReNRRI mtle}hoa@&cke&@f&r' Bieldr, R td%ﬁersé{hﬁﬁ‘t{lé‘ﬁ% 34
5Conductive traces 712 electrica y' |hnt erc%nngct the el ect r(?ni cOr
conponent s jqiotgthe twodagerstthay behdiized er fedesign nhay exlprgilize v single
enbodi nment li | | ustrated, conductive trace 712a connects sen conduct or
die 706 to tHe front optic electrode 714, and conductive trace 712b

connects sem conductor die 706 to the back optical electrode 716. An
adhesive layer 718 nmay be utilized to 10 connect the front and back

optics; however ,Thengorstusdive digiceaili@ dassrbed aboyeiane meeferably fabricajedt s
may be 14t ! ldtiﬁ%ﬂg%e Waeskdgr% %S% t%@l"n){iq%.é ldieégrit?ledg hgt%ln? lTﬁg%rcmduc’[ive
traces 712 correspond to the openings in the shadow mask. In order to have
precision conductive traces 712, the mask must have precision cutouts as well
as correspond to the three-dimensional surface or substrate. In other words,
the mask preferably mirrors the substrate or surface and the cutouts precisely
20 match the features such that additional processing steps are not required. In
other words, with a mask fabricated in accordance with the present invention,
no further processing should be required to “clean-up” the deposited feature
‘, pattern. For example, if a prior art mask were utilized, a laser ablation process
| may be required fo clean up the lines of the deposited feature pattern
25 (conductive interconnect traces), whereas with the present invention, the

precise nature of the mask allows cleaner and more precise lines.

Although shown and described is what is believed to be the most
practical and preferred embodiments, it is apparent that departures from
30  specific designs and methods described and shown will suggest themselves to
those skilled in the art and may be used without departing from the spirit and

scope of the invention. The present invention is not restricted to the particular
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The conductive traces 712 descri bed above are preferably fabricated
15 utilizing the mask and maski ng techni ques described herein. The
conductive traces 712 correspond to the openings in the shadow mask.
o ger L LY GRERELSL AT AN AN BEPSndiod I dBled S dodiR
preci sion cutouts as wWell as correspon Rree b ensi ona
surface or witthsll naddificdtionstthat m\avrfdliswnhineth&mbpprcﬁfﬂ@é abbgnded clilmst he
substrate or surface and the cutouts precisely 20match the features
such that additional processing steps are not required. In other
words, with a mask fabricated in accordance with the present
invention, no further processing should be required to "cl ean-up" the
deposited feature pattern. For exanple, if a prior art nmask were
utilized, a |laser ablation process may be required to clean up the

| ines of the deposited feature pattern 25(conductive interconnect
traces), whereas with the present invention, the precise nature of
the mask all ows cl eaner and nore precise |ines. Al t hough shown
and described is what is believed to be the nost practical and
preferred enbodi nents, it is apparent that departures from 30

speci fic designs and net hods descri bed and showmn wi Il suggest

thensel ves to those skilled in the art and may be used w t hout
departing fromthe spirit and scope of the invention. The present
invention is not restricted to the particular constructions

described and illustrated, but should be constructed to cohere with
~all nodifications that may fall within the scope of the appended
claims. WHAT IS CLAIMED I S: 1. A nethod for making one or

nor e shadow masks for use in conjunction with a non-planar substrate,
the nethod conprising the steps of: fabricating a nmandrel i ncluding
one or nore fornms machined therein, the one or nore forns
corresponding to the shape of a non-planar substrate to be masked;
form ng one or nore shadow mask bl anks in the one or nore forns in

t he
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mandrel ; renoving the one or nore shadow mask bl anks fromthe
mandrel ; and machi ning a predeterm ned pattern into the one
or nore shadow mask bl anks to formone or nore shadow nasks, the
predet erm n ' i.ng features substantially smaller than
the size of ﬁgqt)ltr?gégﬁmﬁ%rbg@shadow masks. 2. The nethod for
maki ng one or nore shadow masks according to Claim1l, wherein the
step of fabricating a mandrel conprises nmaking a substantially

cylindrical Tst ABEIRRE REVNAKYNG GHSLQAINPER $Ragqeyy Basks Tor gss inaerilvaction
faces,,: chini r < : Lhyst he front face.
3. The\’\llﬁrr{\;tgrll-lz)eslgl1 @gﬁé%ﬁgtg’n@%&r@?&@@ag omgﬁmtigs spgcrbgbr ding to Caim
2, wherein fewidating@® maedos impudingamepdranare foomsamachinbéd therent, thacee

conprises cuiting the one or re non-planar fornms via a.lathe.
4. Th@rr@?'ﬁo&rmé%_oﬁ@%f’ﬁﬂg'é‘ﬁéoggeﬁB?Eeé’ﬁéd&ﬂ'ﬁ@é‘ﬁéS_%%t@tﬁitﬂg’et@aéﬁ%ﬁ;m
2, whereln FBGNhG oA PHoR! BRI RAKAIANG in'the Bhel dt hof forlinfifie e

conprises cutting the one or nore non-planar forns via a turn m

5. Thenamdretid f or maki ng one or nore shadow masks according to Claim
2, wherein machini one or nore npn-planar, for inh the front face
conpri e culSTRYNOES GRE QA ShaY Rlaharlants Hemng aapdel g
transfer. machinin§a gré8ct@iiost bafteMBkid HheBife 6F mEPE ShaAGN FMLLIBSISAKSs
according to Claim2, wherein nmachining one or nore non-planar fornmns

i n t hdofermmoneareneeniiddors masks thg aradetenminad patternrioelugingrfaatures ms
via di_agond.pei nt _turnin . 7. The nethod for ki ng one or

ore” SORSBRR Rt Biiftng sizs ef therdne SUierE SRSRaN Al oue or mor e
~non-planar forns in the front face conprises cutting the one or nore

non-pl anar forns via electrical discharge nmachining. 8. _The
net hod for Aekilhg Ba&ogforprakinhadew mErshadevwr maaks aecadiigtoClaim 1,

wher ei 1 ] :

o ot e e b Mg PRl TS eTioER TR 8 SRR chiyRa?
met hodgtileturetlavirg sulsstatiangpeirshddownt angkscRdscssliang hmackinkigw®e or
wherein the el ectrodeposition process conprises electroplating nickel
into threN-Blanghfams indhed®m fagf.-ckness of 1ess than one
hundred-fifty m crons. 10. The method for maki ng one or nore
shadow masks according to Claim1l, wherein the step of renoving the
one or nore3shatdewnethekl fol ardking oneot heoreashddely rmapks asesdpaytei Clainh 2,
separ at iqr%g. t he one or nore shadow mask_bl anks fé_om he nmandr el . .

11. THOSIEINHBAChIBING MG AgMae Nen-RiaRar foRRgdi it ERET IS PIFasFUHIRG m

1, m?ﬁ@bﬂetdﬂ‘?n@e%r%[arn%myrhwyih lafe or nore shadow mask bl anks
fromthe mandrel conpfises chemcally renoving the mandrel.

12. The nmethod for making one or nore shadow nasks according to Claim
1, wherein #heTstapetvbdfachiakingpgore pr edet eshadoaompsis atcordingaotClaineze

or nmore shadow mask bl anks conprises | aser m cr?rrac i ning the ,
featu rein mﬁ%hlam@?q,pr more non-planar forms in the front face comprises cutting

the one or more non-planar forms via a turn mill.

5. The method for making one or more shadow masks according to Claim 2,
wherein machining one or more non-planar forms in the front face comprise cutting

the one or more non-planar forms via a rotary transfer.

6. The method for making one or more shadow masks according to Claim 2,
wherein machining one or more non-planar forms in the front face comprises cutting

the one or more non-planar forms via diamond point turning.
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13. The method for maki ng one or nore shadow masks according to Claim
12, wherein the features in the pattern may conprise a width of one
m cron. 14. The nmethod for making one or nore shadow nasks
according to Claim1l, wherein the step of machining a predeterm ned

[ h d k bl ank | ,
asor  abl at o 11e metnot toE i Ao el it (aoks carorineoLm 2

nmasks \ae&RifmdghihCbak By hoﬁéﬂﬁi’rﬁbl@néhﬁ)rﬁisqﬁ tRé fFREfHJY M Brises cutting
predeterm ned pattern in the one or nore shadow nmask bl anks conprises

utili Zha@netarmmets nen-phanag forms via electritsl distiwmrgetrhachiniog. maki ng one
or nore shadow masks according to Caim1, wherein the step of

machi ni ng a_pr ter ne attern in the one or nore shadow nma
bl anks conp isjg' ft% Rlﬂké%%ﬁ N Of MQyg Shadowmasiss ﬁﬁ?f%ﬁdé]g tIoo laim 1,

for m Rgh&RRAGW JtBS léf'F&l?fﬂKé onkf HT@r%dér%do%’mérsk%lé}%s iR tRE RSN hatd ¥

cylindrical structure conprising a first face and a second face, the
first famds seopnides ansdeticodapasitiest proceas.| y paral | el ; one or
nore attachnent rrechani sns cooperatively associated with the first

face of the _su tant I l.i. ndrical structur t he one or
L achment . foci bl BRIQSUPR S1aKITH POs SeanaTs SadaILmERES RsRIARG BlCigim B,

machi g# KKteirO@e; elé&?od osﬁm‘?{}?’r gs%{):ﬁ‘n fr@é%lé&r%ﬁd%ﬁg itk iktB&ns @rent

face the substantl rical structure one or nore
f or ms rhang filgnsaoreothigdresarof pesst than aret lolmdrgddiftyonicppramar substrate to
be masked. 18 The mandrel for form ng shadow mask bI anks

di t th ndrel co ses a net al
aterial” T TRe Tagthonier making e 6F MAPNAGOBHRASH ReSRURGRGIEM 1,
accor %H@eﬁﬂhg Aot embiiRg ¢hé ohBS RO R éH&FdoWFr%rsk%JIalﬂ&”f%mstﬁé mandrel

al u
comprlses physically separating the one or more shadow mask blanks from the

mandrel.

11. The method for making one or more shadow masks according to Claim 1,
wherein the step of removing the one or more shadow mask blanks from the mandrel

comprises chemically removing the mandrel.

12. The method for making one or more shadow masks according to Claim 1,
wherein the step of machining a predetermined pattern into the one or more shadow

mask blanks comprises laser micromachining the features in the pattern.

13. The method for making one or more shadow masks according to Claim

12, wherein the features in the pattern may comprise a width of one micron.

14. The method for making one or more shadow masks according to Claim 1,
wherein the step of machining a predetermined pattern in the one or more shadow

mask blanks comprises utilizing laser ablation.

15. The method for making cne or more shadow masks according to Ciaim
1, wherein the step of machining a predetermined pattern in the one or more shadow

mask blanks comprises utilizing chemical etching.
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16. The method for making one or more shadow masks according to Claim
1, wherein the step of machining a predetermined pattern in the one or more shadow

mask blanks comprises utilizing plasma etching.

17. A mandrel for forming shadow mask blanks, the mandrel comprising:

a substantially cylindricai structure comprising a first face and a second face,
the first and second faces being substantially parallel;

one or more attachment mechanisms cooperatively associated with the first
face of the substantially cylindrical structure, the one or more attachment
mechanisms being configured to secure the mandrel to a machining tool; and

one or more forms machined into the second face of the substantially
cylindrical structure, the one or more forms having a non-planar pattern matching a

non-planar substrate to be masked.

18. The mandrel for forming shadow mask blanks according to Claim 17,

wherein the mandrel comprises a metallic material.

19. The mandrel for forming shadow mask blanks according to Claim 18,

wherein the metallic material comprises aluminum.
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