A METHOD OF DEPTH ROUTI NG AN ELECTRONI C LAYUP AND APPARATUS FOR EFFECTI NG
SUCH A METHOD FI ELD OF THE | NVENTI ON The invention relates to a nethod of
dept h r ouwvongosssmbect roni ¢ | ayup and apparatus for effectrisogomswod7a

met hod. The invention is particularly directed towards depth routing the
el ectronic layup by way of sandbl astjng. BACKGROUND TO THE | NVENTI ON The
foll ow ng di scussion of the background to the invention is intended to
facilitate ( i , | i Qn. er, it should be
appr eci at ed&mﬂg?ﬁﬁi&ﬂpgﬁlﬁwﬁi %?ﬁmmggﬁw\%@dm ssion that
any of the malerimPPARETUSEOR MEFECTINGSRdH AMfTHpp part of the common
general know edge in any jurisdiction as at the priority date of the
application. Figure 1 shows a typical electronic |ayup. The electronic

| ayup conprises a copper |ayer bonded to an FR4 lam nate which is in turn
bonded to a dielectric formed on a copper or alum nium substrate. Various
t echni duBEDHAL FHERUNVEDUHON o manufacture circuits fromsuch layup. The
nost comon technique at the date of filing of this patent application is
depsh ot iBnidheolRshno diem@inode Bt epfrodth pg}p%n%%%i B EhijpUbhg | Vol ves
eroding parts of each |ayer other t e copper or um nr'um substrat e.
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The problem with CNC based nechani cal depth routing is that the resulting
er oded BACKEROUND ROV EHEINYENTIQMNNt ai n burrs. These burrs and/ or

irregularities in the surface reduce the geographical area of an electronic
The following discussion of the background to the invention is intended to

10  facilitate an understanding of the present invention. However, it should be
appreciated that the discussion is not an acknowledgment or admission that any
of the material referred to was published, known or part of the common general

knowledge in any jurisdiction as at the priority date of the application.

Figure 1 shows a typical electronic layup. The electronic layup comprises a
15  copper layer bonded to an FR4 laminate which is in turn bonded to a dielectric
formed on a copper or aluminium substrate. Various techniques have been
found to manufacture circuits from such layup. The most common technique at

the date of filing of this patent application is depth routing.

The technique of depth routing to create a circuit involves eroding parts of each
20 layer other than the copper or aluminium substrate. This can be achieved
through chemical means, but more commonly this is performed by way of a
Computer Numerical Control (“CNC”) machine. This latter process is often

referred to as mechanical depth routing or milling.

The problem with CNC-based mechanical depth routing is that the resulting
25 eroded surface is uneven and may contain burrs. These burrs and/or

irregularities in the surface reduce the geographical area of an electronic

component that can make contact with the underlying coppér or aluminium -

substrate. In some cases, the electronic component may not be able to make



conmponent that can nmake contact with the underlying copper or alum nium
substrate. In sone cases, the electronic conponent may not be able to
makeany owotzasbosgssh t he underlyi ng copper or al um ni umpsuBsRom@I060470 i N

whi ch case heat is dissipated through the dielectric. This is inportant as
it is this contact with the underlying copper or alum nium substrate that
all ows an el ectronic conponent to dissipate heat (a heat sink connected to
t he unc@TrM ngctwﬁbéhe aindarlying rooppes ob siumindunacubatrbie diirs svhpett cage t he

heat) . nt ontact between the el ectronic conponent
and the un e@\ {p%e&ﬁﬁ%zﬂﬁf‘oﬁ]ﬁ %\'F" Mium substrate, the greater the anount of
heat that can be dissipated. In addition, these burrs and/or irregularities
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Die-cutting is carried out to conformto t ormo
| ami natP@ininihat kayciopiher refinement, rin uivesinlvsnioaseopiione will result éh extly i ¢ | ayer

i ol cot e SHATBPouRh R nrotisSRBAR: am nare are arranged Sequentiaily
and al i_gned accurately with the die-cut portion and the indented portion
e current method of constructing a typical electronic layup as shown in Figure
1 is a complicated and expensive process. The steps undertaken using a
15 - mechanical depth rouﬁng or milling technique are briefly described as follows.
A double sided FR4 laminate is provided and an indentation is created in the
FR4 laminate by drilling and/or etching. This step of creating the FR4 laminate
with indentation involves about 28 process steps in a conventional printed
circuit board (“PCB”) process. Next, a dielectric layer is provided. The dielectric
20 layer is normally not die-cut. Die-cutting is carried out fo conform to the fit and
form of the FR4 laminate and the copper or aluminium substrate. After the
dielectric layer has been suitably die-cut, the copper or aluminium substrate, the
die-cut dielectric layer and the indented FR4 laminate are arranged sequentially '
and aligned accurately with the die-cut portion and the indented portion
25  coinciding centrally Qf the electronic layup. The different layers are then mass
laminated to form an integrated electronic layup as shown in Figure 1. The
above-described process provides a schematic overview of manufacturing an
electronic !ayup as shown in Figure 1. The pre-preparation steps, intermediate
steps as well as finishing steps in preparing the electronic tayup for shipment

30  are typical PCB manufacturing steps commonly known to a person skilled in the



coinciding centrally of the electronic layup. The different |ayers are then
mass lamnated to forman integrated electronic |ayup as shown in Figure 1.
The abovewdeserisgssd process provi des a schematic overvi egrsG20Bmuiact uri ng
an electronic |ayup as shown in Figure 1. The pre-preparation steps,
Internmedi ate steps as well as finishing steps in preparing the electronic

| ayup for shipnent are typical PCB manufacturing steps commonly known to a

per son skbhd efle ithereh@ardmaird arwetpresemiodiscussidi.ef suminbey, theseate
di scussion. In summary, there are about 37 process steps i nvolved in the
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with the current nmethod of constructing a typical electronic |ayup as
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i ndentation invol ving about 28 process steps in a conventjional PCB process
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care nust be taken to ensure that the indentation is free of resin whlle
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| ayup. electronic layup, each time the electronic layup is subjected to the lamination
process, it is prone to warping or distortion. Where warping or distortion occurs,
15 the problem of positioning an electronic component so as to ob;[ain the greatest
heat dissipation through the underlying copper or aluminium substrate arises.
In addition, during the lamination process, care must be taken to ensure that the
indentation is free of resin while ensuring that the resin is evenly distributed
over the areas to be Iamin'ated so as not to affect the reliability and yield of the

20 electronic layup.

The problems mentioned above can be minimized, if not eliminated, throuigh
using a standard insulated metal substrate commonly available and using a
mechanical depth routing technique to create an indentation on the same.

SUMMARY OF THE INVENTION

25  Throughout this document, unless otherwise indicated to the contrary, the terms
‘comprising”, “consisting of’, and the like, are to be construed as non-

exhaustive, or in other words, as meaning “including, but not limited to”.

In accordance with a first aspect of the invention, there is provided a method of

depth routing an electronic layup, the electronic layup comprising a dielectric



The probl ens nentioned above can be mnimzed, if not elimnated, through
using a standard insulated nmetal substrate commonly avail able and using a
mechani cavoadeg@idssiseut i ng t echni que to create an i ndent arcescagstober7eane.
SUMVARY OF THE | NVENTI ON Thr oughout this docunent, unless otherw se

indicated to the contrary, the terms*"conprising", "consisting of, and the
i ke, GRAR e o] austi i r ds, meani ng
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i nvent ilamindtée,rtbeimeihod\dodgutistngriitehstdpsof:dept h routi ng an el ectronic | ayup,
the el ectronic | ayup conprising a dielectricsandwi ched between a net al

|ayer and a giRid P RNERALRgWiSR oSnbIER hast RaRRFpoddenRidAdng P! | ST ng

t he steps of: positioning ened nask so that the mask Is interposed
bet ween t he melahdlayeayad = hehshibnbemzizleoriea sazdhlastofy mashindbtiesinask nachi ne,

the mask having at |east one aperture provided therein; and sandbl asting

t he el ectroﬁl%%@“ﬁ% Qﬁj@ﬂe'?‘r‘lr@ qpvidsﬁégem aé"ﬁgrture by way of the

sandbl asti ng nmachi ne wherein the force, size and type of abrasive applied
by t he sandidaasiblastingebkielectmomicdayiip ¢chrmught theeablbast loaenapartureaper and t he
di el ectric but nfotﬁ,| t he EES?I subst.rate. The nethod may al so i nclude the
step of secfRhQ PREDABESIBAINAE UYL and hardened mask in a jig while

mai ntai ning the relative position of the hardened mask to the el ectronic
| ayup. Whiwraln yhe tthecest sipe oinghoypei ohiabgasive drepliednby ines Bandilbatiikg t he

et al 1Boanne Ao Rl S A P peh aiot otisie RulReR YRy f Ort her

i ngbudenétaessbRge of :

The method may also include the step of securing the electronic layup and
hardened mask in a jig while maintaihing the relative position of the hardened
mask to the electronic layup. Ideally, the step of positioning the hardened mask
includes the sub-step of positioning the hardened mask no more than 0.5 mm

15 away from the metal layer.

To facilitate automation of the method, the method may further include the steps

of:
securing the jig to a feeder belt; and

controlling the movement of the jig relative to the sandblasting machine
20 by way of the feeder belt. ‘ ‘

Preferably, the step of sandblasting the electronic layup through the metal layer
and the dielectric involves the sub-step of directing a fluid stream containing
abrasive particles towards the electronic layup.

In accordance with a second aspect of the invention, there is provided a depth
25  routed electronic layup formed in accordance with the method of the first aspect

of the invention.

Preferably, the metal layer is copper. Similarly, it is preferable that the substrate

is either copper or aluminium.



securing the jig to a feeder belt; and controlling the novenent of the jig
relative to the sandbl asting machi ne by way of the feeder belt. Preferably,
t he step wbd 29@n8kdeasti ng the el ectronic |ayup through trerseralsob@yer and
the dielectric involves- the sub-step of directing a fluid stream contai ning
abrasive particles towards the el ectfonic |layup. In accordance with a

second |Rspesrdhcd NatH Y eRirioBspédtebe the Riventided tRerens hprodidegd el ect roni c
| ayup formed in accordance with the nmethod of the first aspect of the

i nvent isendblpsting masihjne faraiseeinahel gdodi & tbe divel asmsiatiof dre \nventions
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machi neoh@iniHg @brdkivd panieldzodwelrdd tre élecisdnia . of the invention, the
sandbl asti ng machi ne configured to produce an irect a fluid stream

oort R RSRR RS coBirTee SURRER oh e B TG FloRIhg s Br aBRENED o' Ve
parti clpgsticled: Wiiminium @sids fuses aflingihlum biide With deariimb coiunaoiuMhecor undum

The size of the abrasive particles ranges from5 mto 2800 ,Al.ghough, in
its préizsr petheapbrastyenpaticlesn@ngssdreiara ven & 898 &N t AENAWISINVE parti cl es

is 10 r @SS : ok dis 1o LREe range of
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0.098 % AQ%rkPa. The exception is in the case of high tenperature copper,

where it is preferred that the fluid streamis a streamof air having a
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cerani c no a tungsten car e’ nozzl e or oron carbise nozzl e. Were
cer am Haverarethegrefansedpresheresiangedé 3t 724 x 10° Pa + 0.098 x 10° Pa. The

exception is in the case of high temperature copper, where it is preferred that

the fluid stream is a stream of air having a pressure range of 0 to 4.7x 10° Pa.

The at least one nozzle may be a ceramic nozzle, a tungsten carbide nozzle or
15 a boron carbide nozzle. Where ceramic nozzles are used, the size of the

nozzle can be:
e 2.6 mm x conical outer x 50 mm length.
e 3 mm x conical outer x 50 mm length.
Where tungsten carbide nozzles are used, the size of the nozzle can be:
20 e 4 mmx12.5 mm x 41mm length.
e 6 mmx20 mm x 41mm length.
e 7.5mmx20 mm x 43 mm length.
Similarly, where a boron carbide nozzle is used, the size of the nozzle can be:
e 6.3 mmx21 mm x 82 mm length.
25 e 8 mmx21 mm x 82 mm length.

e 9 mmx 24 mm x 82 mm length.



nozzle can be: 2.6 mmx conical outer x 50 mmlength. 3 mm x coni cal
outer x 50 mm | ength. Were tungsten carbide nozzles are used, the size of
t he nozzlwocamw/dssses 4 nmx 12.5 mmx 4 1mmlength. 6 mpCcr/sgQoosmmos7d 1mm
length. 7.5 mmx 20 nm x 43 mﬂleg_%th. Simlarly, where a boron carbide
nozzle is used, the size of the noz?fre can be: 6.3 Mmx 2 1 mmx 82 mMm

| ength. 8 I h. 9 mMmx 24 mMm x 82 mmlength. 10 nmm x
24 mm X éfZWHTTbn)f?@n)égw%fgme% I%ﬁﬁbﬁnx 82 mm | ength. The speed of the fluid

stream produced can be between 5 mmn and 30 mm.n. Preferably, the speed
of the fleui d2gumeardpriodu@2mmiengibween 9 mmin and 11 mnmin. Preferably,
the abrasive particles have a hardness of between 7 and 9 Mdhs. BRI EF

DESCRI #Phé @Ne€l of ke ARG Phédudetesdn B8 betlbemeuwnpeindassd heethinby way of

exanple only, with reference to the acconpanying drawi ngs, in which: Figure
1 i s aPmfattim throsnasg efnthelfadd stieiam pesdusedde dedvaen Coymi arddr art ;

Fi gé,lrem;mi“,? a di agram showi ng an electronic |layup as used by a first

enbodi ment "of the present invention; Figure 3 is a diagram show ng the base
pl ate of the sandblast jig; Figure 4 is a further diagramshow ng the

pr ot ecPreferahilgribelabsasive eagigitonae ajhagdnessgimetyees 7zangd 8- showi ng t he
conplete kit of the sandblast jig with base

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described, by way of example only, with reference to

the accompanying drawings, in which:
10  Figure 1 is a diagram showing an electronic layup according to the prior art;

Figure 2 is a diagram showing an electronic layup as used by a first

embodiment of the present invention;
Figure 3 is a diagram showing the base plate of the sandblast jig; ,
Figure 4 is a further diagram showing the protective stencil of the sandblast jig;

15 Figure 5 is a diagram showing the complete kit of the sandblast jig with base

plate, protective stencil, tooling fixture plate and clampers;

Figure 6 is a diagram showing cross-sectional illustration of a metal-clad printed |
circuit board being clamped in a complete kit of the sandblast jig with

sandblasting nozzles; and

20 Figure 7 is a diagram showing the sanding-in process filter into the sandblasting
nozzles to eject pressure and erode to achieve certain depth on the metal-clad
printed circuit board through the protective stencil in a complete sandblast jig.

PREFERRED EMBODIMENTS OF THE INVENTION

Specific embodiments of the present invention are now described in detail. The
25 terminology used herein is for the purpose of describing patticular embodiments

only, and is not intended to limit the scope of the present invention.



pl ate, protective stencil, tooling fixture plate and clanpers; Figure 6 is
a di agram showi ng cross-sectional illustration of a netal-clad printed
circuit bwendodnssssg cl anped in a conplete kit of the samrdivisgabosjoog7wi t h
sandbl asting nozzles; and Figure 7 is a diagramshow ng the sanding-in
process filter into the sandbl asting~-nozzles to eject pressure and erode to
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descri be%ei detail, The tﬁ&m' nlfl Qaé used he{ei nis for the purpose of
descri BRAGCPAPAYIER he Wl RdAIQVIBRICYMPAENS not intended to linit the
scope of the present invention.ln accordance with a first enbodi ment of the

i nventi one tanezlectreniplawipde?l a met hod of mechani cal depth routing an
el ectronic | ayup. The operation of the nethod requires the use of the

fol kow ng_c (r?:gmaﬁ : tLonic layup 12; a sandbl asti ng nmachi ne 14;
a j:sg 16;.a(r% a ;gq?sg'{]gcrﬁlggﬁhgﬁéhcil 18; and a feeder belt 20. The

el ectronic layup 12 used in this enbodinent is shown in Figure 2. The
el ectronit lAdigup:1ENctonpri ses a copper |ayer 22 bonded to a dielectric 24.
The dielectric 24 is in turn bonded to a copper or alum nium substrate 26.

The whol e, elyagbictive stediPigtaniags then lamnated. It is believed by the
i nventor that the lam nation of the electronic layup 12 as a'single flat

sheet causes | ess Ing or distortion to the process described in the
prior art® al?cf@@aewmgg ggndbl asting machine 14 shown in Figure 6 is
preferably (but is not limted ‘

The electronic layup 12 used in this embodiment is shown in Figure 2. The

10  electronic layup 12 compriées a copper layer 22 bonded to a dielectric 24. The
dielectric 24 is in turn bonded to a copper or aluminium substrate 26. The whole
electronic layup 12 is then laminated. It is believed by the inventor that the
lamination of the electronic layup 12 as a single flat sheet causes less warpAing

or distortion to the process described in the prior art above.

15  The sandblasting machine 14 shown in Figure 6 is preferably (but is not limited
to) the TM-CT conveyor-type automatic blasting machine from Shang Po
Sandblasting which uses the PolyhedralKNOOP method of sandblasting. The
sandblasting machine 14 is configured to the mode of blasting for plane work
pieces. The conveyor speed of the sandblasting machine 14 is made adjustable

20 -accordingly to requirements.

In this embodiment, the sandblasting machine 14 has eight conical ceramic

nozzles 28. The size of the eight conical ceramic nozzles 28 is adjustable.

In Figure 6, the jig 16 has a base plate 30 (Figure 3) and a tooling fixture plate
32. The base plate 30 is adapted to securely receive the electronic layup 12.
25  The tooling fixture plate 32 is adapted to securely receive the protective stencil
18. The arrangement of the base plate 30 relative to the tooling fixture plate 32
is such that the protective stencil 18 is parallel to the electronic layup 12 and

spaced therefrom by no more than 0.5 mm.



to) the TM CT conveyor-type automatic bl asting machi ne from Shang Po
Sandbl asti ng whi ch uses the Pol yhedral KNOOP net hod of sandbl asting. The
sandbl astwogosmaskisde 14 is configured to the node of bl astrisecgods®oo4ph ane
wor k pi eces. The conveyor speed of the sandbl asting machine 14 is nmade
adj ust abl e accordingly to requi remets. In this enbodi ment, the

sandbl a%t &pglir8BRAT therd & A8TcRIi8IMSRMER b&Rical the TéEESe 2fencli si ze of
the eight conical ceramc nozzles 28 is adjustable. In Figure 6, the jig 16
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stencil 18. The arrangenment of the base plate 30 relative to the tooling
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the el egéa®f cthbayleptrdricdiayupgl2 beskeddy ast ergiaepeyathcosandibiasiing 16 is
cl anped by clanmpers 34 (see Figure 5) prior to the sandbl asting operation.
The pr ®P8Eatiofe stencil 18 is formed from hardened steel. In Figure 4,
portions or apertures of the protective stencil 18 have been cut out

repr esqmea fagdeh @it 20 ¢rs Sdcurimg Bleehbnigniscfdragaqurihg hesjig dd therdie. er oded by
t he sandbl asti ng operation. The feeder belt 20 has securin }Te,chani sns for
secur | HieIREe of the Teersrdiel 26riecariodablervitnia the enge bap B0Tp/ME. -
controllable within the range 5 to 30 mmn. The enbodi nent wll now be

degori bée émbodienerdniiexbwdie déscrivaidendied cuntext dhits wrtendedose. | ayup 12 is
securely received in the base plate 30 of the jig 16. Al nbst at the sane

tine, t . . . . o~ i i
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"Almost at the same_time, the protective stencil 18 is securely received within the

tooling fixture plate 32. The jig 16 is then clamped using the clampers 34.

With the jigA 16 clamped, the jig 16 is attached to the feeder belt 20. Attachment
15 is achieved by way of the securing mechanisms. Once so secured, the feeder
belt 20 is operated so as o control the movement of the jig 16 relative to the

sandblasting machine 14.

In Figure 7, with the feeder belt 20 (not shown) operational, each conical nozzle
28 of the sandblasting machine 14 is suppliedA with an aluminium oxide
20 abrasive. The aluminium oxide abrasive has a size of between 10 ym % 0.2 ym.
The abrasive is directed towards the jig 16 entrained in a fluid stream adjusted
to a pressure of 3.724 x 10° Pa * 0.098 x 10° Pa. The entrained particles are
further controlled to move at a speed of 10 m/min £ 1 m/min. Further control of

the nozzles 28 is effected to achieve the desired coverage of sandblasting.

25  In this manner, the entrained particles emitted by the sandblasting machine 14
are either stopped by the protective stencil 18 or allowed to pass through the
apertures provided therein. Those particles that are allowed to pass through the
apertures cause erosion on a layer 22, 24 (excepting the underlying copper or

aluminium substrate layer 26) of the electronic layup 12. Over time and as the



Wth the jig 16 clanped, the jig 16 is attached to the feeder belt 20.
Attachnment is achieved by way of the securing nechanisnms. Once so secured,
t he feedewoheddos®R3i s operated so as to control the noveoescefsobéeojig 16
relative to the sandbl asting nmachine_ 14. In Figure 7, with the feeder belt
20 (not shown) operational, each conical nozzle 28 of the sandbl asti ng
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t hr ough24 hsutaeestit eRveaHs aibkasied etepgihdol eifivelihe Bbdrigeegigpe drhe
under | yi ng copper or alum niumsubstrate | a%/] r 26) of the electronic |ayup

e " a
12. oveRluiipigmasubsisatend@odr, adse glamage e thecersteaiver sizocilie This
accord ] a LN r r@si Qn,of t-he vari.pus | ayers
22, 24@%‘3{1%%{%‘[egﬁnﬁ?@ﬁ{%ugﬂﬁq{eﬁgn[F?%l}rsg]eoarﬁ 1?] e(r%{]Y cé?élﬁﬁ?tg r;EH?o t hat of
t he pr odamiblastingt arewhinel 814 Hae oppused dgethef xtyre pbsitien syfs ONC-bastliat t he

al unmi ni um oxi de abrasive chosen has sufficient strength to, renove the
coper MEgaanissl danih rautess GHIEh are caRablB A TEROYMELINSHURHETVING CHARES| ve

st rengt : V. e | SRR h ki ,ﬁyffé%, or cause
damage ‘(?roéllg H-relﬁgﬁlotgue%étﬁi%\%@gf gﬂnéchPgh Tﬁbsm%eﬂﬁg@ﬁgwmnuf Ltg)?ﬂtreaelr%g only
need fowesnsithatibe sutfapeof theundéring ceppeivdraaitimigiumsiisiaia 26aaspposed t o

the X o8 0 b o P8R IR 8Bh 8t bISPAMbPYheH irdgthhbs2r © capabl e

In addition, with the use of the sandblasting technique, the total amount of
15 material and the thickness of the electronic layup 12 can be reduced. For
instance, in a conventional electronic layup shown in Figure 1, the materials
include a copper layer (having negligible thickness), a FR4 laminate (1.6 mm), a
dielectric layer (having negligible thickness) and an aluminium substrate (1
mm). With the present invention, the materials include a copper layer (having
20 negligible thickness), a dielectric layer (0.1 mm) and an aluminium substrate
(1.5 mm). This_ lesser materials leads to a reduction in material costs, and the
leaner overall structure of the electronic layup allows more units of the
electronic layups to be used in a given space, thereby making small form-factor

electronic devices possible.

25 It should be appreciated by the person skilled in the art that the above invention
is not limited to the embodiment described. In particular, the following
modifications and improvements may be made without departing from the

scope of the present invention

e The applicant has found that the abrasive used need not be aluminium
30 - oxide, but can be any similar particle such as fused aluminium oxide,

fused aluminium oxide with titanium, or corundum.



or alum nium substrate 26, thereby rendering the electronic |ayup faulty).
It also neans that the surface of the underlying copper or alum nium

subst r at ewd@omassisthe eroded | ayers 22, 24 is significarthhgcadmdaniod burs
and/ or other irregularities. In addition, with the use of the sandbl asting
techni que, the total anmount of mat etPal and the thickness of the electronic

| ayup 12 ganrihe Shpfuand okbrihbRiRare shBvh ARRVER! batkle elbechf e c | ayup

shown in Figure the materials in e a copper layer (having negligible
t hi ckness), abrasitelcanirange froml5 wén tor280@ i dteally, itice e prtiakei sige

negligi bl e t.hi Bkness) and an al um nium substrate ( 1 n”m). Wth the present
i nventi on, ﬂﬁé fdferials include a copper |ayer (having negligible

t hi ckness), a dielectric layer (0.1 mm) and an al um nium substrate ( 1.5
mm) . Thi se| Sigslaripather praissuteeaplsliedotoatheeahrasivermian remge ficah Ocd#Rg and t he
| eaner over gl | gucture of the electronic layup allows nore units of the
el ectronic Iafu@' %0 be used in a gi ven space, thereby nmaking small
formfactor electronic devices possible. It should be appreciated by the
person skul Bt inozzlbs agdad blyathet bandiidasting mvacitine@mayg beoforimed fredh t o t he
enbodi nent descrlbzgl. | n parti cul Eé the follow ng nodifications and

i mpr overent SSRAFIGEUNGRIEN GREIGRIPT BRIAY ¢3RS r om t he scope of the present

invention The applicant has found that the abrasive used need not be
al um ni un»oXndie dask cfaceramianyzsles) thar applidant lhassfoohd dhaf nsztdesabfim ni um
oxi de, fusec{hgww niumoxide with titaniym or corundum The applicant's

experiments YHBASPEREEAHMS G} he ¢FRdSi ze of the abrasive can range

from5 mMmto 2800 mMm Ideally, the nmean particle size is 10 mm Simlarly,
t héOpr essur e appld.ednmdDbheoribalaxiterex 58ymmaegegthf rom 0.3 MPa to 2 MrPa.

o 3 mm ID x conical outer x 50 mm length;

e In the case of tungsten carbide nozzles, the applicant has found that

nozzles of the following specifications can be used:
o 4mmIDx12.5 mm OD x 41 mm length;
15 o 6 mm ID x20 mm OD x 41 mm length;
o 7.5mm ID x 20 mm OD x 43 mm length.

e In the case of boron carbide nozzles, the applicant has found that

nozzles of the following specifications can be used:
o 6.3 mm IDx 21 mm OD x 82 mm length;
20 ‘ o 8 mmID x 21 mm OD x 82 mm length;
o 9mm ID x 24 mm OD x 82 mm length; —
o 10 mm ID x 24 mm OD x 82 mm length;
o 12mm ID x 24 mm OD x 82 mm length;

e The particles may be entrained in a stream of air having a pressure

25 range of between 0 to 4.7x10° Pa. The pressure range stated above is



The nozzl es used by the sandbl asting machi ne may be fornmed from ceramc,
tungsten carbi de or boron carbide. |In the case of ceram c nozzles, the

appl i cantwbasodisssssd t hat nozzl es of the foll owi ng speci piceaiGhassoean be
used: 0 2.6 mmID x conical outer x 50 mmlength; o 3 mmID x conical outer
X 50 mmlength; In the case of tungsten carbide nozzles, the applicant has

found that %?j{@{ﬁamai rél@ﬁﬁé&l @‘@ltﬂgﬁlc%%eWPg‘r&%%@Qém%%Pat%e leagﬁ'er g4 mMiD x

12.5 mm CD gth; o 7.5 mm
| D-x 20 nmm Ookvet3 mﬂlength In the case of boron carbide nozzles, the
applicant has found that nozzles of the follow ng specifications can be

used: o 6,3 2 ; : 2 X 82 mm
| ength; o gﬁﬁe:r%ﬁ&, }Pie gérﬁe% Qaﬁée% Ilt@&ngﬁ(%d% l%oﬁﬁn\’\}%g(g ﬁ%% X 82 mm
I engt h; o 12pproximately?40nmy/in, xwil? thengrefegted; spdde bpargt appresinatgiybe

entr ai ned i ream of air having a pressure range of between 0 to 4.7x1
05 Pa. The Bpé“gg'@ﬂ“e range stated above isof particular relevance to
situations where high tenperature copper is involved. Preferably, the

speed range Tok dgeRatia? ghe oftheedamelelasting machine miggrargetioet ¥ B8RS m n,
with the preferred speed being approximately 10 mi m n. he operation time
of the sandWNadhe fperalion Haenal theasajd plasting rmachige may be mahually

or automatically controlled.

e The electronic layup may take the form of a metal-core printed circuit
10 board, a copper-clad laminate or any other type of laminated board for

printed circuit manufacture.

e Ideally, the hardness of the particles ranges from 7 to 9 on the Mohs

hardness scale.

e An X-Y table may be used to facilitate erosion of the electronic layup by
15 way of the protective stencil.

e The operation of the whole system may be manually conirolled or -
automatically controlled. Ideally, the system is automatically controlled

and implemented by replacing the mechanical routing components of a

CNC machine with the sand-blasting apparatus of the sand blasting

20 machine. |

Furthermore, the features described in the above embodiments and the
additional features mentioned above may be combined to form yet additional

embodiments that fall within the scope of the present invention.



mn. The operation tinme of the sand bl asting machi ne may be manual ly or
automatically controlled. The electronic |layup may take the formof a

nmet al - corngopbeonisesésci rcuit board, a copper-clad | am nat ecerscagoosder type
of |am nated board for printed circuit manufacture. Ildeally, the hardness
of the particles ranges from7 to 9l%n the Mbhs hardness scale. An X-Y
tabl e WRY Aginysed to facilitate erosion of the electronic layup by way of
the protective stencil. The operation of the whole system may be manual ly

controlle r autormatjcally coptrolled. Ideally, the system.i

aut omat i cg'l ?Ay n&%thpggpf @p JOPFIW éi’f’erﬁ?‘ae(ﬁmé‘% r'%%‘l'pac{]hﬁg e{{?ﬁimr?é%ﬁ%pcal

routing Comaef@fsﬁ]g%l de Ld@&ﬁﬂ\ﬁlﬁhé‘&t%t\%énsaaﬂ%@' R§Et BAdARRAsE! US of the
sand bl asting chine. Furthernore, the features descfibed in the above

embodi ment s sahstrateevbiddiis themdanfieated te metitodomaprigioy éhevalepseofconmbi ned to
formyet additional -enbodinents that fall within the scope of the present

i nvention. V& G aigikitibnirfy ABERAM R mESIRES thathb Maskisthiepbesay ¢ | ayup, the
el ectronic layup conprising a dielectric sandwi ched between a netal |ayer

and a metal subsbelweenticmeta layarandaatileasicane nowzleref asandblastingi ng t he
steps of: a. positiqgning, a hardened kK so that .the | S 1 nterposed
bet ween the net almq‘%v%?’gtgﬁ&n%ﬁk ﬁ‘%‘ﬁ'}? gﬁ%@sﬁw%lagegﬁlreap@i% %&Whg machi ne,

t he mask havi ng ahdl east one aperture provided therein; and b. sandbl asting
the electronic layup through the at | east one aperture

b. sandblasting the electronic layup through the at least one aperture

10 by way of the sandblasting machine

wherein the force, size and type of abrasive applied by the sandblasting
machine are sufficient to erode the metal layer and the dielectric but not

the metal substrate.

2. A method of depth routing an electronic layup according to claim 1,
15 further including the step of securing the electronic layup and hardened
mask in a jig while maintaining the relative position of the hardened mask

td the electronic layup.

3. A method of depth routing an electronic layup according to claim 1 or
claim 2, wherein the step of positioning the hardened mask includes the
20 sub-step of positioning the hardened mask no more than 0.5 mm away

from the metal layer.

4. A method of depth routing an electronic layup according to claim 3,

further including the steps of:
a. securing the jig to a feeder belt; and

25 b. controlling the movement of the jig relative to the sandblasting

machine by way of the feeder belt.

5. A method of debth routing an electronic layup according to any preceding

claim, wherein the step of sandblasting the metal layer and the dielectric



by way of the sandbl asting nmachine wherein the force, size and type of
abrasi ve applied by the sandbl asting nmachine are sufficient to erode the
met al | awe0 2000hs3se di el ectric but not the netal substr eteisG2ooshowss hod of
depth routing an electronic layup according to claim1, further including
the step of securing the el ectroni clff'ayup and hardened mask in a jig while

el nt ai N ng s d kL 13 B3 b OftoBing e ekl Aeath ERaihig! BBrRivRCL T oni ¢

| ayup. 3. A pth routing an electronic |ayup according to claim
1 or cl ai m partidies wwarts éhe ekptrohicdaglip.i oni ng t he hardened nmask i ncl udes
the sub-step of positioning the hardened mask no nore than 0.5 nm away from

the et al ol aygeptdoufsd BibBRdnRfIaffidimEAUhidtoRTriReartls & ekt accor di ng

to claim 3, er Ing the steps of: securing the jig to a feeder
belt; and bclamnt.rolling the novement of the jig relative to the
sandbl asti ng machi ne by way of the feeder belt. 5. A nmethod of depth

rousing ap @L@éb’(hof&ﬁe %Yéb@roﬂf&%b%cbﬂji Yo RIARLE! MBeFiAithe digl ei n the

step of sandblasting the neta er and the dielectricinvol ves the
sub- st ep of lajaréstopgera fluid stream contai ni ng abrasive particles towards
the electronic layup. 6. A depth routed electronic |layup formed in

accor dancg, WA byl BRRhiCTERNabooRindSIBRIN 6 Oxceinef agharen | ayup

according to clalm®é, erein the netal |ayer is copper. 8. A depth routed
el ectroni c g metalcaubstiatgist ethelr sopper @ralghimint®, wher ei n
9. A sandblasting machine for use in the method of claim 1, the
10 - sandblasting machine configured to produce and direct a fluid stream

containing abrasive particles towards the electronic layup.

10.A sandblasting machine as claimed in claim 9, wherein the abrasive
particles comprise at least one of the following types of abrasive
particles: aluminium oxide; fused aluminium oxide with titanium;

15 corundum.

11.A sandblasting machine as claimed in claim 9 or claim 10, wherein the

size of the abrasive particles ranges from 5 ym to 2800 ym.

12.A sandblasting machine as claimed in claim 11, wherein the mean

particle size of the abrasive particles is 10 yum £ 0.2 ym.

20 13.A sandblasting machine as claimed in any one of claims 9 to 12, wherein
the préssure of the fluid stream is in the range 0.3 MPa to 2 MPa.

14. A sandblasting machine as claime‘d.in claim 13, wherein the pressure of
the fluid stream is in the range 3.724 x 10° Pa + 0.098 x 10° Pa.

15.A sandblasting machine as claimed in any one of claims 9 to 14, wherein
25 the fluid stream is a stream of air having a pressure range of 0 to 4.7x
10° Pa.



the netal substrate is either copper or alumnium 9. A sandbl asting
machi ne for use in the nmethod of claim1, the sandbl asting machi ne

conf i gur estot2009sestace and direct a fluid stream contai nipog/saRi@®Hoous0
particles towards the el ectronic Iaﬁp 10. A sandbl asting nachine as
claimed in claim9, wherein the abrasive particles conprise at |east one of

the fol |l oysNgshxdaastitiy m%bﬁme@s samhéd Irehy aherof s @igdes, Wivsresh al um ni um
oxide with titanium corun um 11. A sandbl astl ng machi ne as clained in

claim9 or dhephlerst onpeoarle is Recaspic @®zalde abrasive particles ranges from
5 mMmto 2800 mm 12. A sandbl asting machine as clainmed in claim11l, wherein

the nean parg b&h@oléstﬁfg flachlie abERFhEE iPaldiincl @ swhdrefOthanat 18agt ome  13. A
sandbl asting machine as clained in any one of clains 9 to 12, wherein the

pressure of NoFelefip @ A6gnMearpnisal oLtens SPangeleogth MPzle.o 2 MPa. 14. A
sandbl asting machine as clainmed in claim 13, wherein the pressure of the

flusd stregm kgndilasthiey rRiREMe3ad dainied O cl%am 15,0@%ersinl®le Hdeaditorte

sandbl asting machine as clainmed in any one of clains 9 to 14, wherein the
fluid streamozgleds &3 aummormalowé@méo ApriergidmozFignge of 0 to 4.7x 105
Pa. 16. A sandbl asting machine as clainmed in any one of clainms 9 to 15,

wher ei n t he fAsah@asstiMaehmel & tidinded &1 8AY ©nBf dl#ims-9 /18 wisadh ast i ng
machine as clainmed in claim 16, wherein the at | east one nozzle is a 2.6 mm

x coni cal olf@nt leasborennogristia aripgsten cegbideoFalet asti ng machi ne as cl ai ned
in claim1l6, wherein the at | east one nozzle is a 3 mmx conical outer x 50

gm I eggt haﬂwgémué&m‘g fRitiNeasd clhimeadhicRemaro,clidettiheratdagstomes of cl ai s
to erein
10 nozzle is a 4 mm x 12.5 mm x 41 mm length nozzle.

21.A sandblasting machine as claimed in claim '19, wherein the at least one

nozzle is a 6 mm x 20 mm x 41 mm léngth nozzle.

22.A sandblasting machine as claimed in claim 19, wherein the at least one .

nozzle is a 7.5 mm x 20 mm x 43 mm length nozzle.

15 23.A sandblasting machine as claimed in any one of claims 9 to 15, where

the at least one nozzle is a boron carbide nozzle.

24.A sandblasting machine as claimed in claim 23, wherein the at least one

nozzle is a 6.3 mm x 21 mm x 82 mm length nozzle.

25.A sandblastihg machine as claimed in claim 23, wherein the at least one

20 " nozzle is a 8 mm x 21 mm x 82 mm length nozzle.

26.A sandblasting machine as claimed in claim 23, wherein the at least one

nozzle is a 9 mm x 24 mm x 82 mm length nozzle.

27.A sandblasting machine as claimed in claim 23, wherein the at least one

nozzle is a 10 mm x 24 mm x 82 mm length nozzle.

25 28.A sandblasting machine as claimed in claim 23, wherein the at least one

nozzle is a 12 mm x 24 mm x 82 mm length nozzle.



the at |east one nozzle is a tungsten carbide nozzle. 20.A sandbl asting
machine as clainmed in claim19, wherein the at | east one nozzle is a 4 mm x
12. 5 nm xw@ 28090%8368Nngt h nozzle. 2 1. A sandbl asti ng machipag/sa2o00sl0assned i n
claim 19, wherein the at |east one nozzie is a 6 mMmx 20 mmx 4 1 mm | ength
nozzle. 22. A sandbl asti ng machi ne d9-clained in claim19, wherein the at

| east On%gﬁﬂzszdnﬁﬁia%tiﬁg?n%mﬁé %54 0aif8inhhyBRd 6Nahind1928 128, whdreéin

sandbl asting machine as claimed in any oné of claims 9 to 15, where the at

| east one nihezbpeed of ther Buidc atreame prasiiced . is2hetivasin§bmdgin wdndBhi ne as
claimed in claim 23, wherein the at |east one nozzle is a 6.3 nmx 2 1 mm x
82 nnllengtﬂvﬁ%}zle. 25. A sandbl asting machine as clainmed in claim?23,
wherein the at |east one nozzle is a 8 Mmx 2 1 nmx 82 nn1|quth nozzl e.
26. A sandifl. Asteindfylastioginnachige ebailaimediin daian 29.28hengieihs spaaseofdhel east one
nozzle is a;9 ,mn x 24 X 82 | engt h,_nozzl.e. sandbl asti ng nmachi ne
as <l ai nmed T'Wdcﬁ’fiﬁamﬁ TW@H%P%\?{’%@ ghlm'a?{‘dg‘r?e'%zrgﬁﬁl eis al0 nmx 24 mm
X 82 mmlength nozzle. 28. A sandbl asting machine as clained in claim283,
wher ei n tHeAzandblastingmeactine las dlaimediin any oneal elgins 840/, MewieiA

wher oi n-thorepaiaonp neEoipt bRl E Pl SRbrleR s R0 i o and 30

m mn. 30. A sandbl asting machine as clainmed in claim?29, wherein the speed
of the fluid stream produced is between 9 minmn and 11 mMmn. 3 1. A

sandbl asti ng machine as clainmed in any one of clains 9 to 30, wherein the
abrasive particles have a hardness of between 7 and 9 Mhs.



