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STRUCTURALLY THI NNI NG MATERI ALS DRI LLED WTH VI A
WE2WTERNS CROSS- REFERENCE TO RELATED APPLI CATPCONBS2007/012481
[0001] This application clains the benefit under 35
US. C 119(e) of U S. provisional application nos.
60/ 810, 380, filed June 2, 2006, and 60/852,592, filed
Cct ober 18, 2006, each of which is incorporated
herein in its entirety by reference Thi s application
is related to a concurrentlly-filed and
comonl y-assigned U. S. patent application entitled
"PROCESS FOR OPTI CALLY TRANSPARENT VI A FILLING " Atty.
Doc. No. ESI-16O B. FIELD OF THE DI SCLOSURE [ 0002]
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i ndi cator lights, and a whole host of other ~ consumer

B. el ectronics. [0004] A connnn way to provide for such
lighting is to provide a projecting light that is

vi si bl e when the Ilghé i S off’ and bri?htly lit to

indicate when it i : lights, or
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[0003] Projecting a light through a housing 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 substrate or panel without substantially reducing the strength and
durability of the substrate having through-hole vias.



durability of the substrate having through-hole vias.
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the back or drill surface in FIG 1A and fromthe
front or exit surface in FIG 1B; [0011]] FIG 2 is a
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[0011] FIG. 2 is a schematic representation of an application where the vias are

drilled through a substrate having a standard thickness of about 400um;

[0012] FIG. 3 is a schematic representation of an application where the vias are

drilled through a substrate having a thinner thickness of about 100um;

[0013] FIG. 4 is a schematic representation of an application where the vias are

drilled inside a thinned pocket area of a substrate;

[0014] FIG. § is a schematic representation of the sequence of method steps of a

substrate having a thinned pocket area reinforced by a solid reinforcing material; and

[0015] FIG. 6 is a schematic representation of the sequence of method steps of a

substrate having a thinned pocket area reinforced by a liquid reinforcing material.
DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION



[0014] FIG 5 is a schematic representation of the
sequence of nethod steps of a substrate having a
wo bionnes7pocket area reinforced by a solid rei PiEDUSINT012481
material; and [0015] FIG 6 is a schematic
representation of the sequence of nethod steps of a
substrate having a thinned pocket area reinforced by a
liquid reinforcing material. DETAILED DESCRI PTI ON G:
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PCT/ US2007/ 012481 3 [0016] A thinned substrate or
anel having through-hole vias (also called mcro-vias
[00k@dr e n hthinnsdisyistraterqs pangl hayipe Wraueh-heleadys (alse galled micro-vias

her@ﬁ QAQE £ their FelatiVRlyAAR sﬁz@}J&Q&e Re5Ring th ﬁ‘leﬂh)gmugm hefdif3s shown in
The substrate can be thinned using standard

Fl%c Hhn syRstraie cembe tinsed Pgt\@sterad@rcb@acmmea PEibe Sehstrpig gambe

pro$idéd ha¥ing Nsdctich ﬁh@luaml'g%d'bldiﬁgd thidka&d3E The subiRate Hﬂ%ﬁﬁ@&ﬁ)rate a
Incorporaﬁ mcro-via pattern arra 10 I'n a

micRT PR A5aY 0 5bs SPSEHE TR s tennon FIkf (20 Afler a micro-via
patterCartay\i0ds driliddt i the sabstaye mamnsibateht @dranﬁluedme matcnal filler 32
I ans are uceqt mat er

t
may B B 845 e EREPRR Gl iRV Mt pEganstuent
and'léhengthaunmprepﬁraés daa\be applicd amthe driled minroviacsubstratesuirface to

reirg’{)}igf P’{g&ﬁ’?ﬂ%# gﬂhg hifdd ‘agﬁﬂsﬁﬂa{%%s %ﬁlmp% ﬁEE' § gnd 4 ﬁehr%{nrf]orcmg

ro-via substrate surface to Telnforce
matgrialadégonidsiitherthe a sofid that ishobdedrtathe diilled swrfaveiona @8 or Biscous

sub?tQQcc‘*hathn%s E@fomw %rsghéi‘ gThe'%fn?(é’EﬂF materGP %9 afSh bl Sged he cSlor,

solid that is | ed surtace or
diffuseg oF 2pply leps @t‘i%@sor o§195 artigiclighting effeqty @sappbcaﬁlenwhpre lighted

pat@fisiafb intbged 8ibe tRAfURAHTRE RidrdlviadBy al so be used to
olor, diffuse, or égalty | ens effects or_other

(0057l i st i RaferRg fHHGSy method fop srinforginehbinfybptgate 12 having via
10 Witl B lighk tradsrhisive atiil dndlagRedldt haddRork rueag et Méthdl s Fown and

eferrin -6 a_nethod for
des R oot e rethod i aisot For uct el A fgrelecs thisuiats Kgving
via letgl'ltght trBRMEsB/S In\fdﬁerlﬁts&ﬂlhs‘&’ateg ﬁﬂgﬂiﬂ) 5 Qdﬂl SI bAl wael (fr[FﬁlBBtrate 12 is

escri he e e ..
profi3bd Syl T X reldy AL R oSl Pup e R FBIoER Lk a1 pofized
aluminost. rSubstrdial2 mgludvs afirst otdrili sphface rmrammmebmdi atlexit
i ' ' L hstrate

surffge Iiés Jiéf%]?déﬁalt sglggl'zﬂesﬁ 1C$Fsg?(e) ?gplgallya ! err ﬁx[e Sl(x)bs|traye |ﬁalummum the
subgteate i hshoull belabeut 490 nmintogreteas (usn)dhickain qdcrcfmzéd substrate 12 to
retad Mt&eﬁ}al%pgﬂt& ah& thevih QF}H" 86 Ras CEIII Grifledh tl‘fi:@u#aén&aée (?fgl

surface 14 and an opposi ng secon exit sur
surfges 14 Ingn&xampls of he@respatdkysatian, sy, a'qu'pll@aﬁubiﬂ,atq/\)r?emoﬁﬁ@ has a
thinstHR&hdsa 26a, tifat & ARICRRERS of RS that W REdnelets UL fsH3&n in FIG. 3.
Alt%g%é\{c,,yg?v errfnzacr:l{a rrrrlquSrL Séulgsrgr)atetlglh%l\flnlg g t}g{:l((jneegs 200(§f atblgut 400
micrometers (um) is provided, a portion of the substrate 12 can be thinned on the drill surface
14 to a thinner thickness 20a as shown in FIG. 4.
[0018] In an application where an aluminum substrate 12 having a thickness of 400
micrometers (um) is provided, the method includes thinning a pocket area 22 on the drill
surface 14 to a thinner thickness 20a of about 100 micrometers (um). As shown in FIG. 4,
the thinned pocket area 22 can be machined using a bore or other machined device. The size

of the thinned pocket area 22 should be large enough to accommodate the desired via array



retain its structural integrity after the via array 10
has been drilled in the substrate drill surface 14.
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material. The exemplary UV curable filler material 32 is substantially clear when cured. As
best seen in FIG. 1, the filler material 32 is applied to the substrate second surface 18 over the
top of the second or smaller openings 30 of vias 24, filling the vias 24 as shown in FIG. 5.
The filler material 32 as shown is applied with a syringe-type device 34. Although the step of
filling the micro-vias is shown in FIG. 5, the method can proceed to S3 without filling the
micro-vias with filler material 32.

[0022] Referring to FIG. 5 in 83, a reinforcing material 36 is applied to the thin

substrate 12. The reinforcing material 36 having transparent or translucent properties is



[0020] Optionally, cleaning the drilled vias 24 to
renove any debris or deposits forned during the
wora@hitmsny process can be performed. It has beror/shmono12481
that a CO2 snow jet cleaning and isopropyl are
effective in cleaning the vias. Qther via cleaning
techni ques known by those skilled in the art may al so
be used. U trasonic cleaning using, for exanple,
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: transmlssmn o? cPl?le sound tprough substrate 12 thickness 20. As best seen in FIG. 1, the

filler material 32 is applied to the substrate second surface 18 over the top of the second or
smaller openings 30 of vias 24, filling the vias 24 as shown in FIG. 5. The filler material 32
as shown is applied with a syringe-type device 34. Although, the step of filling the micro-
vias is shown in FIG. 5, the method can proceed to S3 without filling the micro-vias with
filler material 3.2.

[0026] In S12 shown in FIG. 6, the disclosed method can include applying a liquid

filler material coating 32, such as a clear UV curable epoxy, into the vias 24. As shown in



reinforcing material 36 is then cured by exposing the
filler material 32 to UV light through the

wo e@nagsrent reinforcing material 36. When curkdf/Usive7/012481
filler material 32 is optically transparent
permtting passage of visible light through the filler
material 32, the reinforcing material 36, and
substrate 12 through vias 24. The curing of the W
clear filler material 32 bonds t he reinforcing
material 36 to the substrate 12. [0024] In another
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messages, images or other perceptible characteristics for the user.

[0030] For example, the substrate 12 of FIGS. 3 and 4 is in the form of a panel. The

panel 12 can be incorporated in a conventional housing as previously discussed or can be
integral with a housing. When the panel 12, as part of a housing, is back lit with an LED,
fluorescent or incandescent light, or other lighting device, the light emitted from the vias

forms a pattern visible to the viewer. '

[0031] In another example, the substrate can be thinned in a small area without

application of a reinforcing material to the thinned area. In this example, thinning the small



exanple, a thin material film rather than a curable
liquid filler material, can be applied to the drill
wewo7aem712 of the al umi num substrate 12, resuPCT/N§2007M012481

essentially unfilled vias. [0027] If a liquid curable
filler material 32 is applied to the mcro-vias 24,
the method proceeds to S13, where the filler materi al
32 is then cured by exposing the filler material 32
to UV light. Any excess or uncured filler material is
reaned fron1the substrate 12. If necessary, the

al so_include additional curing after the

a’%‘k@@% §"'=PrfPtP é’f“’%t‘%‘r’FdaH“ the strugtugal ehgength offthy substzatg obviatipg the
need if6d rRinfSOME MRAGRA. Thesize dfARPRInnkd ar@a pdssible Tth@iu‘BEt?dté"ﬁ order

ma'gfaagrf {%1'8 %lrgca g.[ }n(rﬁggu%;éfe g‘h E‘qlggas};qh %fffogrgieegl o lele denstty of the

driltedi it Rr-¢ia agaymlieemeagth%meanbshateanéte:ﬁw ghd@r thel shagest the drilled
via Eerlal that cures to forma solid material. Aliquid

?Fansparent reinforcing material, such a clear epoxy
[0032] ot herWhi¢ thkauathatichash¢eardesdribed Dvécgeectioh witht wiras presently
con§{<59|%? gc? (b;é ﬂ'netnn)% é@&t@ﬁ?%gsp%%ﬁg&mﬁqugﬁ&ﬂs it llg g) be ?qgerstood that the
methpd isnpttq W@nm@/ﬁodl@e dslosed pabodimenis bmapn dw cgatyaryds ingended to
coaefecd?m Hl%a.deaﬂm 2R efliPsiEnt Sthd +d%dar}an tsaawua&vw.aﬁn the spirit

used relnforcing materi a en cured
andsicoRg ‘tfébe Nentionigad pay #pgnded claimsi f or m st ruct ur al

integrity |like that of a substrate having a

conventional thickness. [0029] The use of vias 24 and

an optically-transparent reinforcing material 36

and/or filler material 32 produces a snooth and

conti nuous substrate surface to the naked eye that is

capabl e of displaying controlled i mages through the

vias frominterior illumnation. The resultant

substrate 12 can be used in all manner of application.

The di scl osed nethod and resultant substrate is

applicable in virtually all applications where a

visual ly continuous and wuninterrupted substrate

surface is desired having the capability to produce

illum nated nessages, inmages or other perceptible

characteristics for the user. [0030] For exanple, the

substrate 12 of FIGS. 3 and 4 is in the formof a

panel . The panel 12 can be incorporated in a

conventional housing as previously discussed or can be

integral with a housing. Wen the panel 12, as part of

a housing, is back lit with an LED, fluorescent or

i ncandescent light, or other |ighting device, the

light emtted fromthe vias forns a pattern visible

to the viewer. [0031] In another exanple, the

substrate can be thinned in a small area w thout



application of a reinforcing material to the thinned

area. In this exanple, thinning the small WO
wWQe@714282877 PCT/ US2007/ 012481 7 area of the Bub®sI0at/€12481

shoul d not reduce the structural strength of the

substrate, obviating the need for a reinforcing

material. The size of the thinned area possible in the

substrate in order maintain the structural integrity

of the substrate as a whole is dependent on the

density of the drilled mcr$-via array, the strength

of the substrate material, and/or the shape of the

drilled vias, etc. [0032] Wil e the nethod has been
Whdeis ¢laidh&tlisi N connection with what is presently

considered to st practi and. preferr

crbodi et s, A el g ABe it Rt it el gmissive
matefialnthe shistae ih¢clodihgd ficsd tidites; thentsied conipeisingent s but ,

th t
modi 11 cPTenE 2Rt LG SRERe e pER TR AR et e
secomtthickiachs heinplass thae thepfinsi thickaasst scope of the invention

pcr s B IPRTR R R bR 00T 1 A retnoc

-~ .of fillifingtheivéa with an eptizslly treremidsivie naatermpt i cal | y
transm ssive mnmaterial, the substrate including a

first thickness; the met hod conprising: formng a
pocket i% t h&hswisshadasdn cleire | pietein thp aptically frarssaiesive material is

curﬁlhé %lﬁﬂﬂﬁzsmcth&?ﬁjrﬁmrfsm ckness being |ess than the
fi-rst thickness; drilling at |east one via in the

pocket : SHABE f*lelqPF'ﬁ‘ﬂlYttr?éSWISQVWF'F"SWQ?E)?I'@&I“I‘%/VW
transm ssive material. 2. The nmethod as in claim|l

wherei n f he ive material is

cur abl e:3 andoﬁ'ﬁ %é"t% %Wﬁe‘?’“ﬁ%ﬁﬁ?‘?g?‘ B&: curing the

opti cal |fjlihg thepotices with aRdpadallgitrandniissivd matetialg t he vi a.

3. The method as in claim2, further conprising:

filling the pocket with an optically transm ssive

mat eri al4. 4. Theeneteddadn alkint B wheimth8 optivatlg trandnfiesive material is

so@Ptically transmssive material is

5. The method as in claim 3 wherein the first thickness is equal or greater

than 400 micrometers and the second thickness is equal to or less than 100 micrometers.

6. The method as in claim 1 wherein the via is conically shaped.

7. The method as in claim 6 wherein the via includes a first end having a
first diameter between 90 to 100 micrometers and a second end having a second diameter
between 30 to 40 micrometers.

8. The method as in claim 1 wherein the via is drilled by a laser.

9. A panel having a first thickness, the panel including a section having a

second thickneSs wherein the second thickness is less than the first thickness, the panel



solid. 5. The nmethod as in claim3 wherein the first

thickness is equal or greater than 400 mcroneters
wae@7tms7second thi ckness is equal to or |ess ptEDNSHOD012481

m croneters. 6. The nethod as in claiml wherein the

via is conically shaped. 7. The nethod as in claim®6

wherein the via includes a first end having a first

di anmeter between 90 to 100 m croneters and a second

end having a second dianeter between 30 to 40

mcrometers. 8. The method a8 in claim| wherein the

viais drilled by a laser. 9. A panel havi a first
includingdightsansiisivs spionifermeddn thyt %?Cﬁ@b‘?f tbﬁpmghewglgathe second
thla@egn@teﬁ@mm%&s.w eécab.m b&ﬁ%f&ﬁ@@ﬂ atl 1BAsE KMEAE filled WRA an

han the first thickness e panel WO 2007/142877

°Ptl5€lf7@§2569¥/“(91'2§18'13 9 including light transm ssive

section formed in that section of the panel having the

second hi ckpess, the l.i ran ssi.ve sectjon

bei ng fo{omed pape Iaééfk‘fla‘ éWL?/’F'é‘ th]; factien v i second
thickpessdaimsya packerstiic pstkeebéing Gléddy anldpticdilleranaimissiva snatefial.

claim9 wherein the section having the second

thi ckness forns a pocket, the pocket being filled by

an opti cHl.| y Thegmnselhas é ealainHl ehérein theldpticdlhyetrgamidsiva saterial

el s Befecip MRPARIe B8P “Tc L L o bl e pol yrer

12. The panel as in claim 10 wherein the pocket has a
thi cknesg, of "p&%heltag in 85111{ ﬁ?@hér@nﬂrihel&%kg?lﬁg QRIS of equal to
13. The panel as In claim1l wherei he via is

or legsrtharm| 00 migrommiers.nanel as in claim 13 wherein the via
includes a first dianmeter between 90 and 100
m cronmeters and a second di aneter, between 30 and 40
nmi cromet s, Thespaneiqs iclaig 1 hwhergin theyyigisicpnigaler ei n t he
light transm ssive section includes nultiple vias

organi zed intQ a pattern.
g 94.. "Iohe papla as ?n glaim 13 wherein the via includes a first diameter

between 90 and 100 micrometers and a second diameter between 30 and 40 micrometers.

15. The panel as in claim 14 wherein the light transmissive section

includes multiple vias organized into a pattern.



