1 METHOD OF PRODUCI NG A PANEL HAVI NG AN AREA W TH

LI GHT TRANSM SSI VI TY CROSS- REFERENCE TO RELATED

APPLI CATIONS [0001] This application clains the
benefit under 35 U. S.C. 119(e) of U S. provisiona
appl i cation nos. 60/810,380, filed June 2, 2006, and
60/ 852,592, filed Cctober 18, 2006, each of which is
incorporated herein in its entirety by reference. This
application is related to U. S. patent application

11/ 742,862, filed May 1, 2007. FlIELD OF THE DI SCLOSURE
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[ 0004] A common way to provide for such lighting is to
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BACKGROUND
[0003] Projecting a light through a housing or panel to provide information is

commonplace. Examples include but are not limited to computer keyboards that include
indication lights for functions such as “Caps Lock™ or “Num Lock”; computer monitors that
include an “on/off” light, automobiles that include lights to indicate whether heated seats are
on or off, or whether an air bag is on or off; televisions with indicator lights, and a whole host
of other consumer electronics.

[0004] A common way to provide for such lighting is to provide a projecting light
that is visible when the light is off, and brightly lit to indicate when it is on. A collection of

lights, or holes for lights, may be disruptive to the objectives of an industrial designer.

SUMMARY
[0005] Disclosed are methods for improving light transmission and laser drill
throughput by thinning a panel without substantially reducing the strength and durability of
the panel having through-hole vias (e.g., microscopic through holes).
[0006] One method of filling a via in a panel with an optically transmissive material
taught herein comprises forming a pocket in the panel where the pocket has a second

thickness. The second thickness is less than the first thickness of the panel. The method in



SUMVARY [ 0005] Di scl osed are nethods for inproving
light transm ssion and |l aser drill throughput by
thinning a panel w thout substantially reducing the
strength and durability of the panel having
t hrough-hol e vias (e.g., mcroscopic through holes).
[ 0006] One nethod of filling a via in a panel with an
optically transm ssive mat er%i al taught herein
conprises formng a pocket in the panel where the
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The description herein makes reference to the accompanying drawings

wherein like reference numerals refer to like parts throughout the several views, and wherein:
[0011] FIG. 1 is a schematic representation of a via geometry and the micrographs of
the array of vias taken from the back or drill surface in FIG. 1A and from the front or exit
surface in FIG. 1B;

[0012] FIG. 2 is a schematic representation of an application where the vias are

drilled through a panel having a standard thickness of about 400pum;



BRI EF DESCRI PTI ON OF THE DRAW NGS [0010] The
description herein nakes reference to the acconpanyi ng
drawi ngs wherein like reference nunerals refer to like
parts throughout the several views, and wherein:
[0011]FIG 1 is a schematic representation of a via
geonetry and the nicrograph% of the array of vias
taken fromthe back or drill” surface in FIG IA and
fromthe front or exit surface in FIG 1B; [0012] FI G
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[0016] FIG. 6 is a schematic representation of the sequence of method steps of a

panel having a thinned pocket area reinforced by a liquid reinforcing material.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0017] A thinned panel having through-hole vias (also called micro-vias herein due to

their relatively small size) made according to methods taught herein is shown in FIG. 1. The
panel can be thinned using standard machining or the panel can be provided having a section
including a reduced thickness. The panel may incorporate a micro-via pattern array 10 in a
panel surface as shown in FIG. 2. After a micro-via pattern array 10 is drilled in the panel 12,
a transparent or translucent material filler 32 may be applied to the drilled micro-vias. Then,
a material having transparent or translucent and strengthening properties can be applied to the
drilled micro-via substrate surface to reinforce the strength of the thinned panel as shown in
FIGS. 3 and 4. The reinforcing material 36 could either be a solid that is bonded to the
drilled surface or a liquid or viscous substance that cures to form a solid. The reinforcing
material may also be used to color, diffuse, or apply lens effects or other artistic lighting
effects in applications where lighted patterns are intended to be created with the micro-vias.
[0018] Referring to FIGS. 3-6 a method for reinforcing a thin panel 12 having via 10
with a light transmissive material and a product made from using the method is shown and
described below. The method and steps for structurally reinforcing a thin substrate having
via with light transmissive material is illustrated in FIGS. 5 and 6. A panel or substrate 12 is
provided. Panel 12 is a relatively thin continuous sheet of material such as anodized
aluminum. Panel 12 includes a first or drill surface 14 and an opposing second or exit surface
18 defining a panel thickness 20. When the panel or substrate is aluminum, the panel 12
should be about 400 micrometers (um) thick in order for the panel 12 to retain its structural
integrity after the via array 10 has been drilled in the panel drill surface 14. In an example of

the present invention, the aluminum panel 12 provided has a thin thickness 20a, that is a



panel having a thinned pocket area reinforced by a
solid reinforcing material; and [0016]FIG 6 is a
schemati c representati on of the sequence of nethod
steps of a panel having a thinned pocket area .
reinforced by a liquid reinforcing material. DETAILED
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[0020] I n one application of the nmethod shown in FIG
5, act (referred hereafter as S) 1 includes drilling
one or a plurality of mcro-vias or holes 24 through
the thinned panel 12. As shown in FIG 1, in one
aspect, the vias 24 are conical -shaped havi ng
sidewal s 26 and a first opgping 28 in panel drill
surface 14 and an opposing second opening 30 on pane
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7 resultant panel 12 can be used in all manner of
application. The disclosed nethod and resultant pane
is applicable in virtually all applications where a
vi sual |y continuous and uni nterrupted panel surface is
desired having the capability to produce illum nated
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for the user. [0031] For exanple, the panel 12 of FIGS.
result@ntpaniel4 2ican ba ubddein fallrmanier of theétlonTﬁéle ;d&aahisedﬁled@d abé

i ncorporated in.a con i0 housi n eV|
resultit 9aT e eI B BV Bl PeR LA Sheoa SR (ot Yhand
umnte{lj@%?eld ;ﬂaﬁe] SAPfaBs tdeglfedanahfg%sthé‘ Q?Pabﬁltyﬁ%‘rohlhde 114411&1thaﬁ’k1 messages,

orescent or 1 ncandesce [ight, or other
imagesiog bthengerdqmbdnachatdtueeristlglforémusmed fromthe vias forns

o051, 22 B el R gk 5P R g8 et e

panel WQtCQIQHE 1&&?;0%&&1 in%dﬁfvelﬁdnﬁl Rt n‘ﬁg' R PréBERly dbcussedidi@an be
thinned area. In this exanple, thinning the small area

mtegr@lf withe hpasies. Wheu e paoel 12 dupart efehensings ts sk liswith ag gD,

neorShe B ORI AR S LB

formsRaseerd AsiBled6 theMbweri N the structural integrity of
t he panel as a whol e _ is dependent on the density

[0032] he dr In pratheriespmplei the papglyan pe thinneddp @tSHlaHfaf?ah%lﬂi%a

oo LSS R T, S o e

area of ¢HeR@ el shouldidohredned the Strpctesd Bﬂrérygﬂcmﬂ’ﬁae genckbhvinting th&med for
nost pr actl cal and%tpr ef erred enbod 1llbgaﬁl it is

a reinfpreiBg &%’& -t hag sieef the fiHered; aeaRass { pamel léloor{’?f rpfjgtain the
structgjafsﬁllt gﬁéfﬁ@& HHRW is d@fibntdgﬁ dndhé Bésity off the drilled micro-via
i nten fo ¢ ver various nodi fications and equi val ent

array,311ccss;;mengﬂnobfahetr pmxghnnwhal |and/but119($hapet dfithe diléedsyias; ietc. and

o055 P S B RSy brsenty
consuierr&i“t%rﬂestﬁé MoktYprhdtical eﬁﬂrﬁrbﬁﬂe@ Em@o&iﬁ{éﬁfsalt ligytotRAadderstood that the
panel conprising the steps of: form ng_ an

methedrieaotdh bedithiteddo tite d;sm@@d embogineeniselns on the coptEaTyds antended to

e SR TP B8 S ARTRLynn e s

and sdéPe bf the invention and atdsdpp@nded Agigfs, sequentially drilling
a pattern of mcroscopic through holes in the reduced

t hi ckness area extending fromthe drilling surface
through to the exit surface to define the area of
light transm ssivity; and, thereafter,




substantially filling the through holes wth a |ight

transm ssive material, the filling material extendi ng
substantially fromthe drilling surface through to the
exit surface. 2. The nmethod of claim1l
wherein the material is a curable polyneric materia

whi ch solidifies upon curing 3. The

nmet hod of claim 1l wherein the step of filling in the

t hrough hol es al so i ncl udegijiis! | 1 ng the area of
reduced t hi ckness. 4. The nmethod of claim

1 wherein the through holes are substantially conical,

the driljled é%é'l% &J%&chlllc%g%gnac By Egﬂ;]{el a%srg skiSiry § na% gcﬁljlhﬂré ofa

dlaneter op At 61
connect ed ﬁaﬁeﬁillty&lp \Aﬁlﬁﬁ)aﬁbﬂﬁmﬁﬁdsmg the steps of: 5. The

nmet hod of claim 2 erein the nethod further conprises

the st prmaingapareagf roducebihickaessdn thg raneh theggdused drighkness
deﬁnfng a.l'ﬁrflﬁ% eka%& obéc%ﬁg a substrate ehx1 surfaceﬁad #ﬂeﬂ t5BE BREHIO fo a user;

rern ethrou are croscopic
as to beingadesnt, sethontialty dﬂllifmlget_ paﬁetn‘tff m)xakxsclop&(ythrough holes in

7. Th thod of claim4 ereji.n the first |arger .
the refiossidhisknesp afee Fg Bing At e lats tusface Hiroweh 6 thSexit surface to
deﬁné%'ﬁ?&df&gﬁ?&a&?ﬂl&ﬁg’ hﬁftﬁé%@aﬁe‘? the reduced thickness

area and e second I’er di aneter opening is forned
i n t he sebdtantwily fidloeg the ttafoagh holeuwithe dighetrarismgssive material, the

. visjhble surface,of t anel n in.use. .
filingtiiheral crldPutE S anialty o s G fe RETEE SRR e grit surface
di anmeter openings in the exit surface formthe
pattern, are individually substantially invisible to
the naked Byeamethod d¢laime 1 ttherein i rostetiglghe curable polymeric
9. The nmethod of claim?7

mateévﬂia %CIH °§ els)é%nfwgmm cal through holes conprises

C|rcular or spiral drilling the through holes
10. The nmethod of claim 1l further conprisi

appl yi Ag  alcneihed of slaimrherein thesiapst fRPEIM the ueu holes
trengthen th |
also cffuch HHGERe DB BRbR, T O el A or el o

material is applied over a portion of the filler
materi al .
| 4.  The method of claim 1 wherein the through holes are substantially
conical, the drilled through holes each having a first larger diameter opening and a second

smaller diameter opening connected by a tapered sidewall .

5. The method of claim 2 wherein the method further comprises the step of

curing the polymeric material by exposure to ultraviolet light.

6. The method of claim 1 wherein the through holes are microscopic so as

to be essentially invisible to the naked eye.

7. The method of claim 4 wherein the first larger diameter opening of
each drilled conical hole is formed in the drilled surface in the reduced thickness area and the
second smaller diameter opening is formed in the exit surface, the exit surface serving as a

visible surface of the panel when in use.



12. A nethod of producing an area of I|ight
transmssivity in a portion of a generally opaque
panel conpri sing: form ng a pocket cavity
in the panel, the pocket cavity defining a drilling
surface opposite a panel substrate exit surface
adapted to be visible to a 8ser; using a

| aser, sequentially drilling a plurality of

m croscopi ¢ through hol es extendi ng fron1the driIIing
surface through to the exit surface h hol e

havi ngga | alge meghodrpficlaim] v ?re’é‘ﬁg?l?q‘?ﬁg‘? Aqter qpgnings
in the B SATRc T oA ar%r;&&iwaqéﬁ%m&naal lv sftfle (3 ORI eye

exlt surtace connecte tapered sidewal |

and dﬂh&hcameaafhghtftralnlsmrsgwttye t hr ough holes with a I|i ght
transm ssive material, the filling material extendi ng
fromthe drilling surface through to the exit surface,

the plyrali trye Hetf{dd IrethiBecORsteRRRIN AP cBnicA@h¥kh holes
surface defining the area of light transmssivity; and

comprages ragr qraspirakdrilling thelthroygh helesavi ty pocket with a
light transm ssive reinforcing naterial.

10.  The method of claim 1 further comprising:

applying a reinforcing material to the panel adjacent the reduced area

thickness to strengthen the panel.

11.  The method of claim 10 wherein the reinforcing material is applied

over a portion of the filler material.

12. A method of producing an area of light transmissivity in a portion of a
generally opaque panel comprising:

forming a pocket cavity in the panel, the pocket cavity defining a drilling
surface opposite a panel substrate exit surface adapted to be visible to a user;

using a laser, sequentially drilling a plurality of microscopic through holes
extending from the drilling surface through to the exit surface, each through hole having a
larger diameter first opening in the drilling surface and a second opening having a smaller
diameter in the exit surface connected by a tapered sidewall;

substantially filling the through holes with a light transmissive material, the
filling material extending from the drilling surface through to the exit surface, the plurality of
filled second openings in the exit surface defining the area of light transmissivity; and

at least partially filling the cavity pocket with a light transmissive reinforcing

material.



