A METHOD OF DEPTH ROUTI NG AN ELECTRONI C LAYUP AND APPARATUS FOR
EFFECTI NG SUCH A METHOD FI ELD OF THE I NVENTION 5 The invention
relates to a nethod of depth routing an electronic |ayup and
apparatus for effecting such a method. The invention is particularly
directed towards depth routing the electronic |ayup by way of

sandbl asti ng. BACKGROUND TO THE | NVENTI ON The f ol | ow ng di scussi on of
t he background to the invention is intended to 10 facilitate an
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that any of the material referred to was publis or part of
t he comon general know edge in any jurisdiction as at the priority
date of the application. Figure 1 shows a typical electronic |ayup.
The el ectronic Iaxlu conprises a 15 copper |ayer bonded to an FR4

| ami nat e FARLRIOK & %N\LEMTIQNIded to a dielectric forned on a copper
or alum nium substrate. Various techniques have been found to

nmanuf gct uthe ipivesiiont selbte@MosHChetRUBE dEP® FBRSihg CAHMRIQR ohRC RIYLE Ut
his patent application I's depth routing. The
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can be achi eved t hrough” chem ca but” nore conmmonly this is

perfornme Ao ‘ rical Control ("CNC') machine.
This | at %ﬁ%@%@é@!“?&%ﬁ%ﬁmd to as nechani cal depth routing
or mlling. The problemw th CNC-based nechani cal depth routing is
that the INesllowving discussiere ®f sthef barkareunshéy déhe dneniiep isoimteridedbior r s.
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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 routihg to create a circuit involves eroding parts of each
20 Iayer 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



-2- any contact with the underlying copper or alumnium substrate -
in which case heat is dissipated through the dielectric. This is
inportant as it is this contact with the underlying copper or

al um nium substrate that allows an el ectronic conponent to dissipate
heat (a heat sink 5 connected to the underlying copper or alum nium
substrate actually dissipating the hé%t). The greater the anount of

cont act tm’cwm:emacttfvatreir@cmrd@ﬂyMQ%ﬁﬁ@ﬂ@ﬂéluﬂﬂﬂiuhﬁﬁjwf\@%LW\ REhiGPeRRy or
al um ni um suybstrate F‘mugﬁeat er e ampbunt of heat that can be

di ssi pat I‘Sn IsgiaRier d ddiglgctie. and/or irregularities in the
surface make chem cal plating less efficient and effective.
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di el ect r incargmpeimgraserertin $iebt @ibsipatbire- cut, the copper or al uni ni um
substrate, the die-cut dielectric layer and the indented FR4 |am nate
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formpan in hown ure.
R descr@%ﬁ%ﬁ?g%@égghﬂ @Iﬂ%@?ﬁ%&ﬁ‘%@hﬁ Are h(}%tﬁ/vg% n&ed a Bllows.
manuf act &rﬂ@!@olarslcwdeERﬂdammdteawprmwham alnnnHe;gcat‘@'n is crHaged in the
pre-prep th nt er i,ate s S _Aas | | ng steps
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§' & N Bl
there ar §|r0u1 board ("PCB") process. Next, a dieleciric layer is provided. The dielectric
20 layer is normally not die-cut. Die-cutting is carried out to 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 pf 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 layup for shipment

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



about 37 process steps involved in the manufacture of the electronic
| ayup. There are di sadvantages associated with the current nmethod of
constructing a typical electronic |ayup as descri bed above. Firstly,
the step of creating the FRA 5 lam nate with indentation involving
about 28 process steps in a conventional PCB process incurs
substantial tine and costs. Die-cuttBng of the dielectric layer to

conform ta dheafdl %e@%ﬁw{?gafinttng &E@%‘énlt @@oﬂé%@n.amdsﬁéﬂgﬁﬁgﬁﬁé eg

al um ni um substrat e; subsequent arranging an t he
di e- cut pbottiBHnprotessheeps aivebediit tHeayanufantire bétheralecitand lpgup.i on of
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not to afhegt alch@isai@intddes adsebfited fithaké lciiénBRetRROGMERISNBtng a
tol erance of the electronic |ayup. Addi ng to this conplication_is
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resin while ensuring that the resin is evenly distribut over. the
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mnimzed, if not elimnated, thr oufgh using a standard insulated
net al subdiepliveanchenminesringvialaramtesofihe elpsiragicdayitthani cal depth
routing technique to create an indentation on the same. SUMVARY- OF
THE | NVEAGHGY 26 tAibraungbiization his sthdd duntast laminatess odtdehwiayer iafdiheat ed

to the contrary, the te "conprising", "consisti r nd.t he
ke ar BRCEOHE RS crthdag S8 enaterys ° ot Bierteth Reeraiitaton,
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heat dissipation through the underlying copper or aluminium substrate arises.

In addition, during the lamination process, care must be taken to ensure that thé

indentation is free of resin while ensuring that the resin is evenly distributed

over the areas to be lamin‘ated so as not fo affect the reliability and yield of the
20 el.ectronic layup. "

The problems mentioned above can be minimized, if not eﬁmihated, 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, orin 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



-4- sandwi ched between a netal |ayer and a netal substrate which is
then | am nated, the nethod conprising the steps of: posi tioning
a hardened nmask so that the mask is interposed between the netal

| ayer and at | east one nozzle of a sandbl asting nmachi ne, the mask
Shavi ng at | east one aperture provided therein; and sandbl asting the

el ectronic | ayup through the at | east one aperture by way, of the
sandbl asﬁ%’@“’%ﬁ@ﬁ‘i retween RemGtal 1derf ¥ & ”g‘?tﬁb SHHﬁr%9pWX@P @olﬂ?ﬁq ve
appl i ed i i ! : ifficient to erode the netal
| ayer angﬁph@%igﬁgﬁ%d gﬂpﬁﬁ%?b?ﬂ%ﬁﬁgﬁgf‘al substrate. The net hod

may al so include. the step of securing t electronic |la and

oy dened sk HoRtaN g (i Paed A sbindg e miip BeGosBEPVASR e ¢ ne
har dened nmask migtal lBgecdreCtionst@esayiiRle dfdesdddblasting nidcdme the mask
positioning the hardened mask includes the sub-step of positioning

the hardened A& Ieast enerpatorePiMded hewgls A8m t he netal | ayer.
To facilitate automation of the nethod, the nethod may further
i ncl ude t he stsapdblagiing dwuelasoticelayiiy through fibeddriedrd| ane aperture by

controlling the ment .qf the ji,g relative to the sandbl asting
machi ne -20by W@:‘{ﬁ? ﬁ@ﬂ@%ﬁ@g rﬁé?'ﬁnePr eferably, the step of

sandbl asting the el ectronic layup through the netal |ayer and the

di el ect r i¥herafoRAe dofche Skagh 286 epyPef OtliabEasiVen @pRlied Uivd the rsegdplasting
contai ni qﬂaaﬁﬁ%%'ré’ SuRRidnk ¢ ee?cc?é’\{?é %etélhl%y&l ?ﬁ& 108Gl @MERut not ltlgb
accordance wth a second aspect of the invention, there is provided a
dept K025 metat subsiaésst roni c | ayup formed in accordance with the method
of the first aspect of the invention. :

The method may also include the step of securing the electronic layup and
hardened mask in a jig while maintaiﬁing the relative position of the hardened
mask to the electronic tayup. 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'thie 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. .



-5- In accordance with a third aspect of the invention, there is
provi ded a sandbl asti ng machine for use in the nethod of the first
aspect of the invention, the sandblasting machi ne configured to
produce and direct a fluid stream containing abrasive particles
towards the electronic |ayup. 5The abrasive particles conprise at

| east one of the fol]ow ng pes, of rasive particles: 1.niu

oxi de; fﬁ%e%‘:ogf CHi W%moﬁi @h‘&wgﬁﬂe?ti ?ﬁﬁﬁ%nwv%f@}%nd@ﬁfe ﬁZﬂ)r‘éingHOE t he
abr asi ve spaditlastrgsmaaiige sorf useninShpmétho@ 80 thepfinst Abpdeughhe inventien,
preferred arragglemant, the nean_particle sjze of the abrasive

par ti cl edhg sangblaRing, mackine; gontigirgd ¢l9s rodluge @ik diregt @ dtidesiheary

fall in thetaidngan@bive paridds bdadiMie. cibampyeayyp e preferred
pressure range 1s 3.724 x 105 Pa 0.098 x 105 Pa. The exception is in

t he case-of high : erature copper, where. it J r ef.erred, . the

1o aS st nogAtradd SARER A RREG Al Bt kb dobaRhErgRss Pt BHREE"Y,

105 Pa. partithss: atunhigiast oxiie, f06&F bRimMmiybexide adthaitasiumgzatumdum. The

t ungst en _carqt}j gaozzl e or. 15 a boran carbide nozzle. \A\%&e ceramc
sed,

nozzl es &F& ARV PEickES ERgeR P & KEnopeB00 pimg UG &)

outer x pR:EFEH @RGhBemer, B ?ﬁe‘éﬁ@iaﬁﬁ!te Ok F the SSta8We! 2GS isWen®
tungsten carbi de nozzles are used, the size of the nozzle can be: 20

4 mmx 1262mn.x 41lmmlength. 6 mMmx20 mMm x 4lmmlength. 7.5 nmx
20 mMmx 43 mmlength. Simlarly, where a boron carbide nozzle is
usedj}ot h&@hsipresafretdiehadizikl etrean mey fall in the range3o3xVPa fon2 MBL mMm

: :28: E: PR I K& L IR 2 82T BRIL 3,724 x 107 o+ Dds £40FPLX 1H2 M

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 sizé of the nozzle can be:
20 e 4 mmx12.5 mm x 41mm length.
e 6 mm x 20 mm x 41mm length.
e 7.5 mm x20 mm x 43 mm length.
Similarly, where a boron carbide nozzle is used, the size of the nozzle can be:
e 6.3 mmx21 mmx 82 mm length. |
25 e 8mmx21mm x82mm length.

e 9 mm x 24 mm x 82 mm length.



-6- 10 nm x24 mm x82 mm length. 12 nm x24 nm x 82 nmm | engt h: The
speed of the fluid stream produced can be between 5 mMmn and 30
mmn. Preferably, the speed of the fluid stream produced is between
9 mmnand 11 5 mMmmn. Preferably, the abrasive particles have a
hardness of between 7 and 9 Mbhs. BRKLEF DESCRI PTI ON OF THE DRAW NGS
The invention will now be scribed, by way of exanple only, with
ref erence t% W\B‘néé‘c%‘ln'ﬁﬁh§g§@"8rlwthgs, in which: 10-Figure 1 is a
di agram showi ng an el ectronic |ayup according to the prior art;
Figure 2 i3 al2mgxa shoxBAgmanemdtectronic | ayup as used by a first
enbodi nent of the present invention; Figure 3 is a diagram show ng

the baserpéapge@bs %H%@Iuﬁ@@ﬁ@érﬁlﬁirod?&c%d &b Bethvdeh RmiMI AR 3¢ naafi@m

showi ng the protective stencil of the sandblast jig; 15 Figure 5 is a
di agr am Breiaiahty, the speepoéthe fiid sdranmhprosapebisabetweeg Symibage 11
pl at eg pﬁ%ﬁcti ve stencil, tooling fixture plate and danpers; Figure
6 is a diagram show ng cross-sectional illustration of a netal-cl ad
printed circuit board being clanped in a conplete kit_of t

sandbl asEr§P@EP: ﬁ%,@@%WEap@ﬁlq&@s"ﬁ%ﬁﬁ &ardnesa 05 Beisslr eand pgﬁ%{“%i agr am
showi ng the sanding-in process filter into the sandbl asti ng nozzl es
to ej ect BRIEEPESCRIRTIONOGE THE BRAWINGSert ai n depth on the

netal -clad printed circuit board through the protective stencil in a

conpl et eTransRingsh will dowHREEESRIREEd EM@yNENKkanfdte dhiE, WdVERERShte to

Speci fic _enbodi nents of the present 1nvention are now described in
detail . heeagmpanmingsireyinogsBaviiehein is for the purpose of
describing particular enbodi ments only, and is not intended to limt
t he $eopEigofe  iea pliszemt sHomienan efectronic 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, tooiing fixture plate and clampers;

Figure 6 is a diagram showing cross-sectional i!!uétration 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 particular embodiments

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



-7- In accordance with a first enbodinent of the invention, there is
provi ded a nmet hod of nechani cal depth routing an el ectronic |ayup.
The operation of the nethod requires the use of the follow ng
conmponent s: an electronic layup 12; 5 a sandbl asting nmachi ne
14; ajig 16; and a protecti/ve stencil 18; and a feeder belt

20. The electronic layup 12 . used in this, enbodipent,is shown.in
Frgur e 2 HrgoiGne ol Bt 1T b LI ot T RBiddya
bonded t aneéthdd eF esddhaicedt deftheroditieg eatdlécirctic a/upn Therdpehdtivshedt the a
copper or ak‘um ni um substraég@%. The whole electronic layup 12 is

then | aniffed requresdhedpe el e 1BYPWIRR COMPERE®E: t hat the | ami nation of
the electronic layup 12 as a single flat sheet causes |ess warping or

di stortion ¢ oahlteghoatdsgumlédcri bed in the prior art above. 15 The
sandbl asti ng machine 14 shown in Figure 6 is preferably (but is not

limted to), the @ﬁ‘ -44/pe automati c blasting nmachine from
Shang P.o S.angblag%%% :égﬁﬁgs%%l t he Pol yhedr al KNOOP net hod of

sandbl asti ng. The sangbl asting machine 14 is configured to the node
of blasting f8d9pI0aRB%wor k pi eces. The conveyor speed of the

sandbl asting nmachine 14 is nade adjustable 20 accordingly to

requi r enents. alpnotehiige siwhoitlii®eartd, t he sandbl asting nachi ne 14 has

ei ght conical ceram c nozzles 28. The size of the eight conical

ceram ¢ nozzl g3eLfripzii@@ ustable. In Figure 6, the jig 16 has a base
plate 30 (Figure 3) and a tooling fixture plate 32. The base plate 30

i s adapt tg securely receive the.electronic .layup 12. .25 The

tooti g fitey e aaE T TR sk BirpERoBBH 5 Yidhi G FiBRee 27 The

pr ot ot i eectbaidayud 82 chheraes angspentayef 22 hwnbas eo pl ditectie 24T ve

to the topli i, xture plat is such that the protective stencil

18 1o palHedic k'S Retelbiideshiba Fagss or sy sthn eP e ROHAEE no

mor et haridbtdn@Mayup 8t2 is then laminated. It is believed by the inventor that the
lamination of the electronic layup 12 as a single flat sheet causes less wa'rp_ing

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
sandblaéting machine 14 is configured to the mode of blaéting 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 ensure that there is no relative novenent between the protective
stencil 18 and the electronic layup 12 during the sandbl asting
operation, the jig 16 is clanped by danpers 34 (see Figure 5) prior
to the sandbl asting operation. The protective stencil 18 is forned
from hardened steel. In Figure 4, poBtions or 5 apertures of the

Phe ol oot PoioCY dihliers Tger pans day@erbBBLTE heateleir sBrFRge”

oper ati oandTihe dlee®tic phtp 29 dmmgsm@usamimmbamaaﬁorf Othesjgrc U6l iBg
the jig 16 thereto The s‘meed of the feeder belt 20 is con%rollable

wi thi n”t REMRERGY Fameesoshiseeious STmece bgi SPERPIERITY ot B

described in the context of its intended use. The electronic layup 12
i s secur d@hy preteeiiveestencil 1&és hased fifoat ba@@nefl stded. fnifggure. 4, Montisis cut

the sane ti protective stencil, 18 | s sec received, within
the ¢ 301 PRGTERdr BRphrertys Sl Tp e beor ik it XrpBSChURh g ehe
danpers 3feasVbt thd Reedtiogicl i@ba’@eiésnédﬂ&ol bg ck6déd byt thac bestiiastinge
feeder belt 20. Attachnment 15 is achieved by way of the securing

nmechani sRBS™@ABe so secured, the feeder belt 20 is operated so as to
control the novenent of the jig 16 relative to the sandbl asting
machi ne The feaddt it éomaSABedurmgaﬂbdebébt s@@ur{ngothesjigvifi) thereto.

Cppt | ed TPERER LR THAALB %%f@@%b&é‘.e TR

abrasive_has a size of between 10 pm m The abrasive is

di reédPed h@\ﬁmwnmﬁ@tWlil@oweéﬁ@mbﬁém th@ %prft@moa itg{aadRheftisted to a
pressure of 3.724 x 105 Pa 0.098 x 105 Pa. The entrained particles
are furthiae ebam’aitanm lagdp t1@ 1Bmeeum1y eecxep&ddindhelﬂ:smmm 3QLofhe jig 16.

Furt her .¢ontr.ol t he .nozzl es cted to h| eve t.h e |red
cover age O%%Hiﬁ saredilgre: O%?ﬁtg/eﬁg 18 PRECR wgcgggddﬁﬁﬁ Ce
emtted bolihheExsangkiasyi rrgerjfgcma [@ehérﬂctamealushejthataxmp@@ksmﬁ t he
protective stencil 18 or allowed to pass through the apertures

provi dedfifeig! é§ 16TE‘I8 afhte' c}%, ?éllst Q?éch%g%ghé 5 rﬁo%lt%sﬁﬁfé&ﬁrﬁéﬂth

t he aperture use e ayer Xce ptln
undedfyi rsagafdm@@irbsowaaIQﬁr&hensamrmgomeciaamsmay@n@@o secmrﬁé Hledeedeni c

| ayup 12 sz%rlstd g?at@p%oa S .. gontr(% thgﬁéveefﬁ?ern nggh‘FB fr@(ﬁ% t(p t 20

nove in accor dan eterm ne erosion of
vari ous kaydhlssi2g, machiod 'mhe el ectronic I ayup 12 then form an
identical pattern to that of the protective stencil 18.

In Figure 7, with the feeder belt 20 (not shown) operational, each conical nozzle
28 of the sandblasting machine 14 is suppliedy with an aluminium oxidé
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 qontrolled 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



~ The advantage of the above systemis that the al um ni um oxide
abrasive 5 chosen has sufficient strength to renove the copper |ayer
22 and the dielectric 24, but does not have the abrasive strength to
remove t he underlying copper or alum niumsubstrate 26 or cause
damage to the protective stencil 18.-SFhis means that manufacturers

only need S - 0Sjt i f the sandbl ast.i.n ' as
opposed t&ERE 25y Bedpti8nibt ANelis kLo B AR e ihosp BEs e
routers (pdttesh, iaeearcﬁ@ablf ﬁn@barﬂcmmwérg A2hedwidee leyeotonicoppsy 121then

al um ni un]g substrat e ﬁ g g}eﬁler ng the el ﬁét ronic |ayup
faulty). PIMASECRIE] Baj{tﬁﬁﬁto '?%Oé {gogye gkactidber | yi ng copper or

al um ni um substrate 26 near the eroded layers 22, 24 is significantly
cl ear of De sdyadibge of Her abovegysteni tis dbat Ithe addintnivn, oxide Rbrésivaise

of the sandhl.astin chni he t amount- _of ' ri d

t he tﬁsi ck esgﬁgr}ast%éﬁcze?rﬂc t&gﬁfhcttol %w%%%e@gﬁp%r ‘WEH%@@B&%%P“%%C"@@

i nst anc?a 24, rbulm dgemenhdumwﬂdelﬁjre@w ﬁmamgtha@/wnsb@\gre u:ﬁcﬁ]el?iygtgr@pber bh§R4
materi al s i ncl.ude ayer avi n e i bl e thicknes a
"o nat e TG SthsTaRaE6. b Feusey eI Chalh i WEGEFUDFEEh; BkTits)
and an al yahné Uﬂﬁbﬁuhgﬁu@&@rér% Ry n\ééahfdoﬂg Bhe%%‘tx-g”]éﬁélﬁdn@rbf ke
materials include a cop | ayer “(havi ng | e thickness), a

di el ect r i ¥@NdR{AsEing chmﬂ? HhPsaOPaPsad o JhﬁsW&ﬁ rp@tsétomofs Gh§-based s

| essey, I

| cancy” ovoearisy dERoLr? (REHE: bate BRIdihodhy BRELTIeARD colPer
t he el ectororlumirligm gpbstrateli2s, mlswdby nem;iegngéhe steatronict lagure tapliye ki algp
smal | for

appr eci arBa-p R oSSR i BEERI RIS ¥ Al nE ST B eat  on
is not | itheteeddddolaydre 22y2dds sentficdetbceledvest. duns padior otheairregutarities.
follow ng nodifications and i nprovenents nay be made w t hout

depar ti ngnf s@midhenscore b éi’”‘ﬁwe%%cﬁﬂésﬁn@v%hh@@le the othhen@Rat isgant
has found that the abrasi ve used need not be al um nhi um 300xi de, but

can be armawlﬁi pae thar thidkness fhihgselpoisesic dayin diduaepxied eeducgde for
al um ni UrthPé ave S%Qohbér‘?tmn'émel&ﬁmﬁﬁrl‘a\?%’%ownll FﬁTF@@Fﬂ% hAGalS

experiments own that the particlfe size o e ‘abrasive can
range frdnelBde amopperigger mvmgdmng@[e thiekneresinagdi4 lagtieatei(26 me)19

pm - qileBh g5 YaailS RIASRIY BidBRELF dnkiOah NLARTAR! UbsTRYe (RO
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 parﬁcle such as fused aluminium oxide,

fused aluminium oxide with titanium, or corundum.



The nozzl es used by the sandbl asting machi ne may be forned from
ceram c, tungsten carbide or boron carbide. In the case of ceramc
nozzl es, the applicant has found that nozzles of the follow ng
specifications can be used: 100 2.6 nmID x conical outer x 50 mm

l ength; 3 mmID x conical outer x 5004,vm |l ength; In the case of

tungsten carbi.de nozzl e t he.applicant has fou t hat,. nozzl es_ gf the
fof Powi ng_sheciTF ARIcaRCS SxcHaBhseRRVE shefn' fal the Balidiosfs’ar P

mm CD x 41 ndpeagidicad Rhgt from bR (20800 P IdeAl, M rhenyblrticle size
7.5 M ID x 20 mm OD x 43 mmlength. In the case of boron carbide

nozzl es, the é%ﬂ)@iﬂéhnt has found that nozzles of the foll ow ng
speci fications can be. used: 6.3 nMm I Dx 21 mm OD x 82

mm | engt h;  20c@idilany, [the yrexburaratblied ©2tharadrasigd Fiay @ngen ftdh . 24Ram CD
X 82 Iengtt%' 8m‘n|Dx24m’nODx82m’nlength; 12 fmm I D x 24

OD-x 82 rrm?gr@ fi- The particles may be entrained in a
stream of air having a pressure 25range of between 0 to 4. 7x105 Pa.
The pressure rlamegeostied adediligvthel sandblasting machine may be formed from

ceramic, tungsten carbide or boron carbide.

e In the case of ceramic nozzles, the applicant has found that nozzles of
the following specifications can be used:

10 o 2.6 mm ID x conical outer x 50 mm length;
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 4 mm ID x 12.5 mm OD x 41 mm length;
15 o 6 mm IDx20 mm OD x 41 mm length;
o 7.5mmID 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 6.3mm IDx21 mm OD x 82 mm length;
20 ‘ o 8mmIDx21mm OD x 82 mm length;
o 9mmIDx 24 mm OD x 82 mm length; .
o 10mmID x_24 mm OD x 82 mm length;
o 12mmID 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



-11- of particular relevance to situations where high tenperature
copper is involved. Preferably, the speed range of the nozzle is
between 5 mimn to approximately 30 mirnin, with the preferred speed
bei ng approximately 510 mimn. The operation tinme of the sand

bl asti ng nmachine may range fromb5 tog 125 mn. The operation tine of

t he sand bl astjng machine may be panual |y or automati ca%l | y ,
control l ed. ©f ParHeulal gleyaifiecta §§Vdﬁ‘5‘0ﬁﬁyx?%fﬁeh'9ﬂéemrefﬁ @e gopper 1S
met al -core priypgegycircuit 10board, a copper-clad |am nate or any

ot her type of |am nated board for printed circuit manufacture.

| deal |y, the hardness of the particles ranges from7 to 9 on the Mhs
har dness scal Yefe*’ag@’ the e -W'ﬂ%&b@z Wﬁy”g@%s@dg}?w\’qﬁgcgl Fp'g‘frb%
erosion of t h@p;ﬁbﬂﬁia'tﬂxi% D iaith defdrted bFem Plhet apaosirensty| .
The operation of the ol e system may be manual ly controlled or

aut omati cal | y!@BWDHbl | ed. Ideally, the systemis automatically
controlled and i npl enented by ireplacing the nechanical routing

conponent s «of Tiae GPEFati@s fivideowhi Rahti lssting -rdctite ngyappgs &boss ¢ 26he
sand bl asting 20machi ne. Furt herfrrtf%r e, tgﬁfeatur es, descrhbed in the
above embodi nBit &l NEnRParAlio, tiane; poiRgI SAdRaTNY Ranrking fed BBV be
conbi ned to feranwyebti@ddidohabmd.enbodi ments that fall within the

scope of the present invention. - W Caim 1. A nethod of depth

12
routing an electronic |ayup, the.electronic layup conprisi .
di el ectric 'saﬁ&%vie b&“i&%@%w r@fea 9 §§E} Oéﬁdmgtaﬁréggei pﬁﬁ%@tﬁg}%ﬁqg
whi choi s thenbdard) aaopger-tihg [ariad o amyrotbentypehs lattmgediboard for
printed circuit manufacture.

o ‘ldeally, the hardness of the particles ranges from 7 fo 9 on the Mohs

hardness scale.

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

e The operation of the whole system may be manually confrolled or -
automatically confrolled. 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.



5a. positioning a hardened nmask so that the mask is interposed
between the nmetal |ayer and at |east one nozzle of a sandbl asting
machi ne, the mask having at |east one aperture provided therein; and
b. sandblasting the electronic |ayup through the at |east one
aperture 10 by way of the sandbl asti ngizyachi ne wherein the force,
size and type of abrasive applied by the sandbl asting nmachi ne are
sufficient g effifge the netal |ayer and the dielectric but not the
nmetal substrate; and the surface of the resulting depth routed netal

substrate is bst ant,i al | ven and free fromburrs and/ or .
Fregutaritiedth Mg of SBEHR (B R elicPBbR: lvio patnlsr onie iR
substrate and atcdrepsdingredielcetio SamdwiciosoBRMen 2. mé&aeiyapdnafa dentih
routing an el ectranic l\%%ﬁ according to claim1l1l, wherein the

i ncreased geogr apiiséEfe dethemamiies thasmgthed sanpHsingihe plers tfe
at | east one electronic conponent to the netal substrate. 203. A
met hod of depth roatippitemire @obrdemed naskug tat dredinask tsdnterposedl or

2, wherein the surface.,of the netal substrate is co-planar. 4. .
method of depth rout 1TRER" STEEF e Py G SAeLOPGTREE " &g dpaEing m
1 to 3, further includatignétbe stk dviRestUeasi® sl etlues broviied thassi
and hardened mask in aC{i g while maintaining the relative position of
t he 25hardened nmask t8'% he el ectronic |ayup. 5. A nethod of depth

routing an electronic |ayup according to any preceding claim wherein
the step of positi dnisamdblastihgitesledironis kayiupdhudgh thérat leagBonesaperitrep

of positioning the h e sk e than 0.5 mmaway fromthe
netal | gé/er. 6. A m%%gfﬁgpﬁﬁ?%@gﬁé%@%ﬁm& ectronic | ayup
according to claim5, further including the steps of: 5a. securing
the jig to a feeBereBethe forspy 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; and the surface of the resulting depth routed metal
substrate is substantially even and free from burrs and/or irregularities to
15 increase geographical contact between the metal substrate and at least

one electronic component.

2. A method of depth routing an electronic layup according to claim 1,
wherein the increased geographical contact increases, heat dissipation

from the at least one electronic component to the metal substrate.

20 3. A method of depth routing an electronic layup according to claim 1 or 2,

wherein the surface of the metal substrate is co-planar.

4. A method of depth routing an electronic layup according to any of claim 1
to 3, further including the step of securing the electronic layup and
hardened mask in a jig while maintaining the relative position of the

25 hardened mask to the electronic layup.

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

claim, wherein the step of positioning the hardened mask includes the



b. controlling the novenent of the jig relative to the sandbl asting
machi ne by way of the feeder belt. 7. A nethod of depth routing an
el ectronic | ayup according to any preceding claim wherein the step
of sandbl asting the nmetal |ayer and the dielectric 10i nvol ves the
sub-step of directing a fluid stream comg.ai ni ng abrasive particles
towards the electronic layup. 8. A nethod of depth routing an

el ectronic | ayups@ﬁQ@pdéf%éiﬁbr%qﬂH@_ KarBREG MadkNBo MBS OPRhirh Chvisy

conprise at | east one of the follow ng types of abrasive particles:

al um ni um oxi de; fromdgbe matahByieum oxi de with 15titani um corundum 9 A
met hod of depth routing an electronic |ayup according to claim?7 or
clai m 8 whereig) Aheetioteobideplie r@ltings av esip@rdnic|igpuy aBe&8ling” @nckiBns,
to 2800 pm 10. A net hod of depth routing an electronic |ayup.
according to cl afUmner instigkng kerstedeOfrean particle size of the
abrasive particles is 10 pm 0.2 pm 11. A nethod of depth routing an-
el ectronbc | ayup a@cosatiunigg thee panio @feedef beltaams 7 to 10, wherein the
pressure of the fluid streamis in the range 0.3 MPa to 2 MPa. 2512. A

net hod of depth routiqhtdNingltBE MARhfert 8V HHR RECMIRENS thdsE|aBthg:
wherein the pressure of the fluid streamis ’in the range 3.724 x 105

Pa 0.098 x 105 Pa. maghing dyAvaeeitibe fegdeddptth routing an el ectronic
| ayup according to any one of clainms 7 to 12, wherein the fluid

streamis a stheamathodiof dbgihirogtieg am ekstrogicrlapgeacdorling o 4ny yred@ding
Pa. claim, wherein the step of sandblasting the metal layer and the dielectric
10 involves the sub-step of directing a fluid stream containing abrasive

particles towards the electronic layup.

8. A method of depth routing an electronic layup according to claim 7
wherein the abrasive particles comprise at least one of the following
types of abrasive particles: aluminium oxide; fused aluminium oxide with

15 fitanium; corundum.

9. A method of depth routing an electronic layup according to claim 7 or
claim 8 wherein the size of the abrasive particles ranges from 5 ym to
' 2800 um. '

10.A method of depth routing an electronic layup according to claim 9,

20 wherein the mean particle size of the abrasive particles is 10 ym + 0.2

um. -

11.A method of depth routing an electronic layup according to any one of
claims 7 to 10, wherein the pressure of the fluid stream is in the range
0.3 MPa to 2 MPa.

25 12.A method of depth routing an electronic layup according to claim 11,
wherein the pressure of the fluid stream is in the range 3.724 x 10° Pa %
0.098 x 10° Pa.



14. A net hod of depth routing an electronic |ayup according to any one
of 5clains 7 to 13, wherein the speed of the fluid stream produced is
between 5 mimn and 30 mMmn. 15 A nethod of depth routing an

el ectronic |layup according to claim 14, wherein the speed of the
fluid stream produced is between 9 mnmm.and 11 mmn. 1016. A net hod
of depth routing an electronic |layup according to any one of clains 7

to 15, wherei qgg)_n\g,églp,[)g%fvc% rr§,lijt§{ge§n !é?é@roﬂich%Pg?%g:gofginé)% YREdNé of

and 9 Mbhs. 17. A depth rout el ectronic layup I n ;accordance
Wi th the nmet hod déinsny ©of 12] aiherdinttbe Fuid B3t®@am dept bireant efdair having a

el ectronic | ayup ' [ ¢ Wherein the netal layer is
copper. 19.A dep?%gg%ﬁéﬁgee%ggﬁ %r?ir;r(]cﬂgl gﬁlp according to claim 17 or
claim 18, wherein the nmetal substrate is either copper or alum nium

20. A sandbl astlng) MelER € deHH rgulingoan &lasionisel@yip acsarding Hoanbongrif
of 20claym 1 to daiddhe &ANGD!\BSLLN0 HCHERE GO QM\’oe%tr%QréPb@#%e&édai%d

direct a fluid streamcontaining abrasive particles towards
el ectroni c | ayupbet@eéemSgamiblast 3thigp/michi ne as cl ai med-in claim20,
wherein the abrasive particles conprise at | east one of the foll ow ng

types of abragisvg meathbticdiegepth! roiting WM extcienici H§@s aboring wncRxhdes,
with titaniunm 25corundum ] ] )
wherein the speed of the fluid stream produced is between 9 m/min and

11 m/min.

10 16.A method of depth routing an electronic layup according to any one of
claims 7 to 15, wherein the abrasive particles have a hardness of
between 7 and 9 Mohs.

17.A depth routed electronic layup formed in accordance with the method of

any of claim 1 to 3.

15 18.A depth routed electronic layup according to claim 17, wherein the metal

layer is copper.

19.A depth routed electronic layup according to claim 17 or claim 18,

13

wherein the metal substrate is either copper or aluminium.

20.A sandblasting machine configured to be used in the method of any of
20 claim 1 to 3, the sandblasting machine configured to produce and direct

a fluid stream containing abrasive particles towards the electronic layup.

21.A sandblasting machine as claimed in claim 20, wherein the abrasive
particles comprise at least one of the following types of abrasive
particles: aluminium oxide; fused aluminium oxide with titanium;

25 corundum.

22.A sandblasting machine as claimed in claim 20 or claim 21, wherein the

size of the abrasive pérticles ranges from 5 ym to 2800 um.



-15- 23. A sandbl asting nmachine as clainmed in claim22, wherein the
mean particle size of the abrasive particles is 10pm 0.2 gm 24. A
sandbl asti ng machine as clainmed in any one of clains 20 to 23,
wherein the pressure of the fluid streamis in the range 0.3 MPa to 2
5MPa. 25. A sandbl asting nmachine as claimed in claim?24, wherein the
pressure of the fluid streamis in the range 3.724 x 105 Pa 0.098 x

105 Pa. ZG-ﬁ.ﬁaQﬁ*eRif l}i:n InPRARENSs aGaificd TEEIdiM 2BY iRl tHel HdHh

20 to 25, wherein t _ streamis a streamof air having a
pressure range opaidiclesizodf g abossiRapardvies is Ahgbl 462 pg. nachi ne as
claimed in any one of clains 20 to 26, wherein the at |east one

nozzle is a cerani samtizdting R8chingansaselns BRg e odscisingl pBdoi 23,
claim?27, wherein the at | east one nozzle is a 2.6 nm x coni cal outer

x 50 nm | engt h néheredn thespoesgues plidtiongfremie Hs e the rengs Pt Mip to 2
claim 275 whereijphe at | east one nozzle is a 3 nmx conical outer X
50 mm Il ength nozzle. 30. A sandbl asting machine as clained in any one

of clainms 20 t 6, rein the at |least one nozzle is a tungsten
Car bi de nozz! &5-A sandbREsting mebfink a5 EBMed MralRy 74- ubSufalidiisaire of
clai m 30, wher eiihetiifd sfredB@Sin tHBSaREN9Z72U & 105 Ra 4 00D8x 38° Pamm X 41
mm | ength nozzle. 32. A sandbl asting nachine as clained in claim 30,

wherein the abyq gast, MNRAGZALENHS & GidTed ROaRY dhetbr MRESH Mo 25,

nozzl e.
wherein the fluid stream is a stream of air having a pressure range of 0 to

10 4.7x 10° Pa.

27.A sandblasting machine as claimed in any one of claims 20 to 26,

wherein the at least one nozzle is a ceramic nozzle.

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

nozzle is a 2.6 mm x conical outer x 50 mm length nozzle.

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

nozzle is a 3 mm x conical outer x 50 mm length nozzle.

30.A sandblasting machine as claimed in any one of claims 20 to 26,

wherein the at least one nozzle is a tungsten carbide nozzle.

31.A sandblasting machine as claimed in claim 30, wherein the at least one
20 nozzle is a 4 mm x 12.5 mm x 41 mm length nozzle.

32.A sandblasting machine as claimed in claim 30, wherein the at least one

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

33. A sandblasting machine as claimed in claim 30, wherein the at least one

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

25 34.A sandblasting machine as claimed in any one of claims 20 to 26, where

the at least one nozzle is a boron carbide nozzle.



33. A sandbl asting nmachine as claimed in claim30, wherein the at

| east one nozzle is a 7.5 mMmx 20 mm x 43 nm |l ength nozzle. -16-

35. A sandbl asting machine as clainmed in claim 34, wherein the at

| east one nozzle is a 6.3 Nmx 21 mMm x 82 mmlength nozzle. 36.A
sandbl asti ng machine as clainmed in claim-34, wherein the at | east one
nozzle is a 8 mMmmx 21 mmx 82 mmlength nozzle. 537. A sandbl asting

machine as cl ygRdhAbekH) hindh&y §hihdd1® %%ilrﬂa%,%hh%ﬁu e /A!18adt DB

9 mMmm x 24 nm x 82 mmlength nozzle. 38. A san sting machi ne as
claimed in clai m3zle igaeeSimmhal mmixdssmnnoleagtioredze.is a 10 nm x 24
mm x 82 mm | ength nozzl e. 39. A sandbl asti ng machi ne as

claimed in cl @eMIhndwactity machReals tiginsdd PNRaikDBs, Afhé&reirbtha didedinonds
nmx 82 mm | ength nozzle. 40.A sandbl asting nachine as clained in any

one of claims 20M%FBiS 2 GAEP & H MREX SeBA I8RIHHOZEIYI d st ream
produced is between 5 mMmn and 30 nm m n. 41. A sandbl asti ng
machi ne as cl d@7rmidandblekdngméthineter daimddie dpieed4 oivhérean thefdtdeast one

stream produced is _between 9 in a 11 mMmn. 42. A sandbl asti ng
machi ne as cl ai ng %;35}@%&(']%{%8? é.gcﬁlé“fé‘dei‘@"]hmzz erein the

abrasive particles have a hardness of between 7 and 9 Mhs.
38.A sandblasting machine as claimed in claim 34, wherein the at least one

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

39. A sandblasting machine as claimed in claim 34, wherein the at least one

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

40.A sandblasting machine as claimed in any one of claims 20 fo 39,
wherein the speed of the fluid stream produced is between 5 m/min and
30 m/min.

41.A sandblasting machine as claimed in claim 40, wherein the speed of the

15 fluid stream produced is between 9 m/min and 11 m/min.

42.A sandblasting machine as claimed in any one of claims 20 to 41,
wherein the abrasive particles have a hardness of between 7 and 9
Mohs. |

20



