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CAVITY IN A SUBSTRATE FOR RECEI VING AN ELECTRONI C COMPONENT 5 Background
of the Invention This invention relates to a nmethod of form ng anq oﬂm [ﬁg
or cavity in a substrate. The substrate is preferably of the type

can include an electronic conponent or integrated circuit. An exanple of
such a substrate is a printed circuit io board (PCB). As circuit density
of el ectroYRUI&SWPponents, particularly integrated circrdnsgi/odsas i ncreased,
there has been a corresponding increbse in the problens associated with
connecting themto connections and conductors on printed circuit boards
(PCB). This problemis particularly severe when there are a |arge nunber 15

of interconnects, (for exanple in the case of mcro-processor devices).
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require cunbersone eq%%gmd; 'MplFﬁfé'{ﬁBNﬁ‘Pebﬁl\S%bFéﬁf ciency in the
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As circuit density of electronic components, particularly integrated circuits,
has increased, there has been a corresponding increase in the problems
- associated with connecting them to connections and conductors on printed circuit
boards (PCB). This problem is particularly severe when there are a large number
15 of interconnects, (for example in the case of micro-processor devices).

Prior Art

Known soldering and wire bonding techniques are expensive and require
cumbersome equipment in order to achieve efficiency in the fabrication process.
20 Additionally there may be a requirement to heat the solder twice; firStIy on
preparation of the PCB and agéin when mounting components on the PCB

The technique of forming an opening in a substrate for an electronic
component is well known, see for example US 3,480,836, which discloses pre-
punching holes in a substrate, after which conductor leads having tabs which

25 . project over the cavity are attached. This technique has been further developed,
for example in US 4,927,491 in which the substrate is a flexible tape.

JP 10098081 discloses using a carbon gas laser to cut a perimeter trench

- for an opening in a substrate having a copper foil laminated on both sides, the
remaining substrate material being removed in a second step. The copper foil is

30  then patterned by lithography and etching to form leads to retain a component.




. 30 then patterned by l|ithography and etching to formleads to retain a
conponent. 2 7 OCT 2004 WO 01/65595 PCT/I1BOL/ 00555 2 Summary of the

| nvention The present invention arose in order to provide snall ez 2004
i nterconnect dinensions on a PCB, thereby rendering it capable gu&gl ng
produced thinner and elimnating the need for synthetic plastics | eaded
chip carriers ;PLCCS). The present invention can also be used to

manuf act ur eVeAMBarriers with beneficial properties RAHEOHWES cost .
According to a first aspect of the przesent invention there is provided a
met hod as specified in clains 1. - 8. According to a second aspect of the

invention SaAinfarySf HOMvERsbr Substrate as specified in claim9. According
to a further aspect io the invention provides a device as specified in

clai m 10. EnbodiThenirasent inv&iohnvaatih 8Riettd prongdehsici istbhedt by way of
exanple only. wth regﬁfe ce to the acconpanying schematic Figures in

whi ch: Bri efMSE810PT B A ST EL thareRy repdklingdicapable pbairg Rrogduesskthianer atgr armat i ¢
view of an elirhiaatingethé nedd fonsyaiiaic plddtics 1IBaded PipBaiers (PIRECHMREL s on a
substrat ur.es ZE?ﬂa%g‘ b are diagrammatic sectional_ and &Ian views of a

; Ei . :
si ngl e gonﬁ'&%ﬁ'ﬁt'nvﬁﬂ 5 e used ip Manyfactuss e cartiersithPanatcialppar at us of

Figure 1; piogertiesaddlotver 8stare pl an vi ews showi ng exanpl es of
i nterconnects; and 20 Figure 4 shows a nethod of formng a contact through

a via hol e. Det diccedinpds affirgpasmatt of thEprdsahtinvathieminegeie wsoviiaadi nent s Fi gure
1 is-an ove VA apus_10.for form i nferconnects on a
substrate 1'3‘%?%5-‘% péziéegf} ﬂgéﬁ%af h§1€%}85d"?¥ tf’z?sS@Fori(ﬂjgsPl%tﬁég%@"?rﬁ'PBugh a
suitabl e 2befedaproyided @amubsiyates spedifeduis elainr @fAdeotdingatbfa fuitheraspdd. | n t he
present \#MoRgfRRtorfhrolifies 286ficd W/ilinga RPdh /A 50 - 200 Watts and a beam

di aneter of 4
' Embodiments of the invention will now be described, by way of example

only, with reference to the accompanying schematic Figures in which:

Brief Description of the Drawings

15 Figure 1 shows a diagrammatic view of an embodiment of an apparatus for
forming interconnects on a substrate;

Figures 2a and 2b are diagrammatic sectional and plan views of a single
component mounted on the substrate produced using the apparatus of Figure 1;

Figures 3a to 3¢ are plan views showing examples of interconnects; and

20 Figure 4 shows a method of forming a contact through a via hole.

Detailed Description of Certain Advantageous Embodiments

Figure 1 is an overall view of an apparatus 10 for forming interconnects on a
substrate 12. The apparatus 10 includes a laser 14, focussed through a suitable
25 ' lens system 16, which in use, reflects off mirror 18. In the present embodiment a
CO; laser having a power of 50 - 500 Watts and a beam diameter of 480 microns
is used. However, higher powers and larger diameters are desirable for increasing
throughput. An Excimer laser or YAG laser can be used as an alternative.

So as to be able to fully appreciate the apparatus it is necessary to consider
30 the apparatus in association with other equipment. These include means for



is used. However, higher powers and |arger dianmeters are desirable for

i ncreasing throughput. An Exciner |aser or YAG |l aser can be used as an
alternative. So as to be able to fully appreciate the apparatus it is
necessary to consider 30 the apparatus in association wth othef/ 0CT 2004
equi pnent. These include neans for 2 7 OCT 2004 WO 01/ 65595 PCT/ |1 BOL/ 00555
3 delivering the substrate, such as a flat bed table 24. Means for

sel ectivel YWOPEI¥Ni ng regions froma first |ayer of nakCHBaloOsSFhis may

i nclude a photo imager (not shown) &nd an etch bath (not shown). Means for
removi ng volunmes of the substrate nmay be a | aser 14 or an ion beam etching

devi ce (not ] or renoving the
mat er i al( fr%e;inﬁtgwtgg%%%ggteghm%eﬁ%}%%éﬁgé%%&%ﬁ%od S?F?Wath capabl e of
et chi ng an ©@Mmayingiregienscioamal adirsh fayer dfrmeaterialn Thie mjayrindiudera phatd inndger appar at us
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are contro {n%fjsl@wn?aﬁ@&ﬁ Eﬁérggthb%S% %owﬂf.gﬁgﬁ%ﬁre&\gghg%ﬂ%% of 113 s ut pu

of the laser 14 is'contro Cro-processor [ as
cont r ol | i ngsubstratgumayeecrilaagr 1drorandorbeany ptebing dhvcd tobshawh) oracr o- pr ocessor

20 ori ent abiesmATbichE’ (ﬁ&h@ﬂﬁ). ggé(e% lfapre%ngg%rh%tegiﬁc%% fBSebgREr 14 via the

lens system 16. A different cavity | ormed either by pulsing a
| ar ger nunb¥¥fage. maiheszmopifiedeich datneapghlevheicking en eleatricaleondgctohe dur ati on

of each pulffesew Brjdclioh With A8 a?ﬁér%l/usogre E@M}oﬁ&ﬁ@r £ 8idiGr Akl cated, the

nunber and size of cavities In e array can varied to produce
di fferent pITBERFEPS (Bt sSheWdrmodate different devices. Substrate 12, shown
in greater detail in Fiqure 2, is in the formof a |am nated sheet or tape.

Two | ayers 21 aFQWEreutPy opthedases 14 iscoptiolad by mickompracessor 24 phevel ay

al um ni w) , copbroiig 8 paisk ldawdtibh ans éhérbf/ of Me %epwméra%oe@gsﬁt@abllg 20
substrate 1S

PP e BRIS: B ey H b hfgbustae her Lo adees 15 | -
fl exible, afysterm ig. has been v
A different depth cavity can be formed either by pulsing a larger number of
pulses from the energy source or increasing the duration of each pulse. Similarly |
15 an array of cavities can be fabricated, the number and size of cavities in the array
. can be varied to produce different products or accommodate different devices.

Substrate 12, shown in greater detail in Figure 2, is in the forrh of a
laminated sheet or tape. Two layérs 21a and 21b of metallic material, such as
copper (or aluminium), sandwich a flexible substrate 12 comprises an etchable

20  polymer such as polyethylene (tri-thalmate) (PET). As substrate 12 is flexible it is
delivered on rolls or drums 22a. As substrate 12 is flexible, after it has been
connected with components the substrate, including components, can be wound
onto another roll 22b.

In the present embodiment the thickness of the substrate is 190 microns,

25 although thicknesses between 100 microns and 600 microns have been employed.
Ideally if a silicon chip is to be inserted, it will be ground down from the back to
give a similar thickness to that of the substrate. Alternatively, a substrate thickness
is chosen according to the thickness of the semiconductor chip.

A non-metallic base material such as PET substrate 12 is clad with a metal

30 material on at least one of its surfaces by laminating a sheet of the metal material,

using an adhesive bonding agent or by catalysing the base material and plating a
layer of metal which coats the base material in uniform thickness.




connected with conponents the substrate, including conponents, can be wound
onto another roll 22b. In the present enbodi nent the thickness of the
substrate is 190 m crons, 25 although thicknesses between 100 mczzrhh%tﬁ
600 m crons have been enployed. ldeally if a silicon chipis to

inserted, it will be ground down fromthe back to give a simlar thickness
to that of the substrate. Alternatively, a substrate thickness 1is chosen
accordi ng t¥OPWESBhi ckness of the sem conductor chip. PCHBAUMESal|ic base
material such as PET substrate 12 isclad with a metal 30 material on at

| east one of its surfaces by lam nating a sheet of the netal material,

usi ng an adhesi \@ba@étaim%a\?hq;i%ghtr&uucmiﬁ%ﬁtm%ﬁ& dr EwBsE ﬁms?r][agglm and
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t hi ckness. Depubgifatepepds\ipbe reaisdobhipisachisrad sty castisgthetsubsteald 2 nay be

i ntroduced with & pRatotesfst. Vi YREY I8 agad ab Qr@haihfcoéﬁbgi tﬁin_ru‘?\%rnkéd?é‘yirﬁ% bstrate

needs to be treated. This is ‘achieved by firstly cCoating the substrate
with a phot Yruséiotherigpwn taehnigeesappl i ed as a curtain coat by thin uniform
sprayi ng or usjing ather known techniques. 5 Conductor tracks,

i nt er conhects a ”g}‘gorbt@r?ﬁ?'d'&e@f’?'&"tsa@ qin bAngingrites areligR@NetA- bot h
surfaces. Tilaged ®ndothaiiirfatss. Thie s 4 Foulhé Eﬁeﬁ(ih'WdtédWirihgéde?'r@é@ﬁﬁé.ng- Usi ng
t he photo i mage and etch procedure, a circuit pattern is formed on the
metal clad surf dtsingahe pheto fmdumt anaitetch drbeedurs, @ dircuippattett 13 fomsedadnt achment

| ocati ons i rr ond .pad. di,. S| ons d locations of aio-
seni conduc '[5%? Mc%%(l)a@gsrlf ft S‘?‘%’BH% %@ﬁ/ﬁ?{ét J%S é:'rFngrga?'Fw&}srﬁ ChRgMcavity defined
on the substatiane52mticha@amespoad td boridyiaer dimonsiorissandqucatibes sfiale of t he ‘

i mons: he BrkRebaP et BB Do R BT Gy SR 8% ¢ | oca o

cor r espondi sugsiaie dnd gopdteddd intdreonmiectsui t pattern.

On the side of the material opposing the circuit pattern, at an area
corresponding to the dimensions of the semiconductor component to be mounted,
there are located corresponding bonding pads of the circuit pattern.

15 Once a region from the upper material has been removed, laser ablation
removes the underlying polymer layer defining the substrate. Although mention
has been made of PET as the polymer used in the substrate, a variety of other
materials are suitable for use. For example, liquid crystal polymers (LCPs),

| polyamide, PEN / polyethylene napa thalmate, poly vinyl chloride and Mylar

20 (Trademark) can be incorporated into or from the substrate. Another suitable
material for fabricating chip carriers is Thermount (Trademark) - available from
Dupont — a random strand aramid reinforced laminate material, although this
material has poor edge profiling properties it is a very easy material to ablate.

Laser ablation occurs at extremely high rates, typically between 300 to 800
25 pulses per second. Micro-processor 20 varies the rate and duration of pulses from
laser 14. This combination permits the vaporisation rate to be controlled and
administered for the specific properties of the substrate material. The result is that
ablation occurs at a precise X and Y location over a known areatoa
predetermined depth for a given array of M rows of cavities by N columns of
30 cavities, defined over a specific area.

Events in the production process are modular. The substrate is firstly
coated, then photo-imaged. Etching and stripping then occur. Laser ablation of
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perforned. MArigext step is plasma and/or wet chemical cleaning using for

exanpl e a potassium ﬁ)@r nmanganate solution. After this cleaning step, netal
i s deposited onDUABY Hiedawesiablation sipp.gnatadal @blateddmemtheavitcedmt act s) j ust

formed. @ hl@déﬁosﬂ%hloﬁ\ée@ahyoﬂtmu&t@fb @hbwue&%ﬁé)§aetds9£u BRBV&P! ution. 5
This is an Iectr el ess process, %9 el ectropl ati n%ecoul d be used as

an al t er nayripg herpjasmg g orzaW?tﬂP"@H’@sséﬁP wevasdt E‘SMF”% ingjaplatadne
appl i cat i onis polyimi@nfEint@aln@intRUIfGENS T8 aidMbRiota al&itRhaMaSrfickt ldyge tin, gold
or silver basei)
e deposited on the substrate surface or surfaces prior to the laser ablation
step. The sacrificial layer can be photoresist for example. After ablation this layer
15 can be easily removed by plasma and/or wet cleaning, and any redeposited

material is removed at the same time.

The PCBs are then cut to shape and finished. This contouring step can be
achieved by CNC routing, die punching, or YAG laser contouring

Electrodes are pre-defined by the etching process. A series of digitated
20  connectors, spaced one from another and arranged to be in register with contacts
~ of the component or die to be inserted into the cavity or die are formed by a metal

etch process before laser ablation of the dielectric. As an alternative, the
electrodes can be laser etched in the metal layer at the base of the cavity after the
dielectric material has been ablated. Alternatively, modifications to a pre-etched

25  pattern in this layer can be made with the laser after the cavity has been formed
(for example by removing tabs to free the end of an elongate structure).

The perforated substrate with contacts defined oh one surface acts as a
shelved recess for receiving electronic components (50). The simplest
embodiment is an embodiment with one or two contacts, suitable for receiving, for

30 example, capacitors (Figure 3a). Transistors require a third contact to be formed
and a sketch of such is shown in Figure 3b. More complex devices, such as
integrated circuits (ICs), Read Only Memory (ROM), Random Access Memory



materials. During the | aser ablation step, material ablated fromthe cavity
can 10 redeposit on other parts of the substrate. Such deposits are fﬁﬁfkly
renmoved during the plasma and/ or wet cleaning step. However, if t 0
mat eri al being ablated is polyimde renoval can be difficult. To aid
removal , an optional sacrificial |ayer can be deposited on the substrate
surface or surfaces prior to the |laser ablation step. The sacrificial

| ayer can D¥OP¥S1%r esi st for exanple, After ablation tPEHBPEYES 15 can be
easi |y removed by plasma and/or wet: £l eaning, and any redeposited materi al
is renoved at the sanme tine. The PCBs are then cut to shape and fini shed.
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third cont applidagione forned and a sketch of such is shown in Figure 3b.
More conpl ex devices, such as integrated circuits (1Cs), Read Only Menory
(ROM, Random ABegistatidard eyctPeté¢hddGegidAOsh MahGLHEEDIS Trucial/ HBRdVEPA655 ( RAM
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may be offset so as to provide for a suitable mechanical recess, capable of
receiving and holding electrical components.

15 Components can be bonded to the electrodes projecting adjacent the cavity
by for example ultrasonic bonding and/or pressure bonding. Alternatively shrink-
wrap films can be adapted to urge a component against the electrodes, or an
adhesive tape or tab may be used.

The inVe‘ntion may be used to create an array of cavities. An advantage of
20 this arrangement is that a plurality of devices may be produced on a single
substrate.

The substrate may be flexible, and capable of being wound or folded so as
to ease transportation by reducing its bulk. For example, either prior to and/or
after fabrication, the substrate may be stored on a spool.

25 Components may be introduced into previously formed cavities by any
known technique, such as for example a pick-and-place machine, by air jet
(vacuum) or by hand. An arrangement whereby a reduced air pressure is created
at one surface is particularly convenient. The pressufe difference draws electronic
components into each cavity, so that the component (such as a semiconductor

30 chip or die) may be bonded to the substrate.




Figure 3c. The elongate netal bond |eads or tabs which formthe electrical
contacts performa dual function. Firstly, they act as electrical pathways
to/from5 conponents. Secondly, they retain conponents at |east d rimﬁﬂe
fabrication process, due to their nmechanical properties. For exa#}]l e

devi ces can be conpression nmounted, where insertion of the device causes
the projecting tabs to fold, creating resilient clip structures which keep
t he devi ce woopsssse. It has been found that silver comtemonmsssact tabs are
particularly advantageous in this io7application. Registration of each
etched region, on each surface is crucial. However, it wll be appreciated
that a certain 1ol erance i ermtted.and die lacations may be
of fset so as to%ﬁﬁ%éﬁagﬁ%‘fe"ﬁ%lﬁi‘{sﬁ%f%'%ﬂ‘éecﬂ%ﬁfa?f?@8*&5‘?8@%851'8 of
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the electro §tr&5°j ecting adjacent the cavity by for exanple ultrasonic
bondi ng and/or pressure bonding. Alternatively shrink- wap filns can be
adapted to urge %W i a0 sive tape or
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bul k. For ediaffitkaessiHomwerempby bsing thegmeReot inverftioar becabse a poitiompf t he substrate
may be stor g@r’m i : Q1.0 previously
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pi ck- and- pl hveerthamhagbeas prayipugieachiqvableuun) or by hand. An arrangenent
whereby a reduced air pressure is created at one surface is particularly
conveni éht. TheMgneddfgrent bipes of dpgtdca) andalearania ¢asmpanentserpdASICEd i nt o each

cavity, so jhtdake §Jlﬁtrﬁ@rﬁb@ﬁﬁi§'for EM.hTHb%e%cﬁRﬁi@Q&G%%éﬁaCitors, inductors,

transistors, integrated circuits, tuners, wave-guides, piezoelectric devices, coils

and/or heat-sinks. Additionally, or alternatively, each opening or cavity may be
adapted to receive an electro-optical device, such as a liquid crystal device or a

15 light.emitting diode. In this latter case conductive tracks may be defined on a
surface, using a transparent material such as Indium Tin Oxide (ITO).

In the above embodiments, the opening formed by laser ablation has
extended all the way through the substrate. As an alternative a blank opening or
cavity may be fabricated by stopping the ablation before all the substrate is

20 removed. This technique is useful for making cavities in multilayer PCBs.

Multilayer PCBs have prepreg dielectric layers, typically 70 microns thick,
interleaved with conductive metal layers. The laser ablation process can be used
to remove such material to expose bond pads in a subsurface metal layer. A flip
chip die with solder bumps can then be placed on top of the bond pads, so that

25 when the assembly is heated the solder flows and bonds the chip in place. An
advantage of this technique is that the subsurface layers of the multilayer PCB can
be used for signal input and output to the chip, which shorténs the signal
conductor length and reduces propagation delays.

In addition to the formation of openings or cavities for mounting
30 semiconductor or other devices, it is also possible to ablate via holes through the
PCB at the same time. In a preferred embodiment, shown in Figure 4, an elongate
flap or tab of metal (30) is left at the bottom of the via hole (31). This flap or tab is



30 chip or die) may be bonded to the substrate. 2 7 OCT 2004 WO 01/ 65595
PCT/1B01/ 00555 7 If the present invention is used to nmake chip carrier
circuitry, individual chip carriers my be die cut, routed, or squ E{?Hla
relatively large sheet or tape of the substrate. A particularly 0CT 20
advant ageous feature of the invention is that it facilitates a 5 flatter
chip carrier profile than is normally achievable. Typically thickness of a
chip carri¥e%e&S%abricated in accordance with the i nvBEEBBM0FS 17 micron
greater than the die thickness. HowBver, by using the present invention,
because a portion of substrate is renoved to accept the conponent, the
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emtting diode. In this |latter case conductive trac ned on a
surface, usthmygh Cpfﬁfaﬁtglmi\oehﬂw waval plading steps: laSigurad thﬂsp.rrﬂte@ada@s 2eTO . In

the above %mléiﬁﬁélﬁ%mﬁthﬁ @B SningdredviiY33)aR fe %Bﬁ%%% n extended

all the vvaythrﬂ? e substrate. Asanaternatlve openi ng or
cavity may Refofmedt by laseipliationoppiberse. Thisdeehniqugrindealene al | the substrate

is 20 r efTDV&ﬂanfﬁbé&Jstlﬁ@&WeﬁH&dl peBSRiftadiate, W dHbnfrd¥ o t&fies forTul ti | ayer
PCBs. Miltila have prepreg dielectric |ayers, typically 70 mcrons

t hick, 9 nt’é??'é%@ CWQ"Fld%‘G?ﬁ?tﬂf? Noteukinithe SW‘WéFes The | aser abl ation

process can be ve S rial expose bond pads in a
subsurface met a%ﬁﬁ%ﬂ%‘r'n the %%Vﬁ "‘g’ﬂaﬂ‘eaf eJﬁS@ﬁa@aﬁ' CHEHOUYLA t hen be
pl aced on tmatenfedinhetaliayed camidd by siee ubstrate, it is possible to use a separate

metal sheet with corresponding holes cut therein as a mask positioned adjacent

the substrate as an alternative.

15 In the above examples, the laser ablation step exposed elongate contacts
- which projected into the resulting cavity. Such elongate metal members need not
be electrical contacts, however — they can form mechanical structures such as for
example for pressure switches.

The invention has been described by way of examples only and variation
20 may be made to the embodiments described, for example by using equivalents not
specifically disclosed.

Finally, the document from which this application claims priority, especially
the Figures, is incorporated herein by reference.




25 when the assenbly is heated the solder flows and bonds the chip in
pl ace. An advantage of this technique is that the subsurface |ayers of the
mul tilayer PCB can be used for signal input and output to the chip, which
shortens the signal conductor |ength and reduces propagation deleyﬁ mm
addition to the formati on of openings_or cavities for nounting 3@ et
sem conduct or or other devices, it isPalso possible to ablate via holes
through the PCB at the sane tinme. In a preferred enbodi nent, shown in
Figure 4, an elongate flap or tabggégggal (30) is left at the bottom of
the via hole (31). This flap or ta 7 OCT 2004 WO 01/ 65595
PCT/IBOl/00555 8 longer than the depth of the via hole, and can optionally
have an en% ed to forma serr.ated ed ) or a barb or spike. This
flap dr tab BEHIECIIPGEATIER @estienic GomRRN Bttm@ﬁanae@rw @3vies BaYId fovar ds
the V, | & adl. f the
'ap GSiecRlo QUSRI IR Wit Sondlca36i (1@, 210] O, frstetf BEGIn) 0
cr| npeides, characiedzaxt by ¢he stepk ofit t he ot her side of the PCB, forming a
t hrough contact w thout the usual plating steps. In Figure 4 the serrated
edges are shomn engagi ng with a second opening or cavity (33) in the

substrate, whicd) éﬂiétmg%rf iRfSFBENMCting T daBlI ¢ blﬁfhlpén H Sy Paesméf Bf fT’le

t echni que may al’'so be advant ageous 1 n conventi onal manuf act ur e, when
openi ngs damirated idigle¢tsic supstrateday s¢lagtlvalsetamowng p@etmnse@‘the eonductivet i n

t he substr Al t hou i t the Qn_occurs
t hrough a fa z?fl*@r% %%qczﬂndlsé PP@‘&el? 9%%]@0{5‘8@&' ﬁ?iﬁil‘?a?ﬂ%ssi bl e
to use a Sl@ﬁi?d’ﬁhg anhtetbomi@tingWondueme eﬁ@eulﬂérdjgcth@ ﬁspeﬁ‘b'htdﬂ%re' n as a

mask positioned ad%acent the substrate as an alternative. 15 In the above

exanpl es, RefENGIGE Of adpesaleeiadsolme phhredielactigaukstietamatedal; whi ch
proj ect ed into the resulting cavity. Such el ongate netal nenbers need not
be el ectrical contacts, however - they can form mechanical structures such

as for b) removing conductive foil from the first side (21a) of the laminated
dielectric substrate within the perimeter of the preselected volume to expose the
dielectric substrate material within said perimeter;

c) removing the volume of the dielectric substrate material within said
perimeter to create a void in the dielectric substrate material without destroying
the part of the interconnecting conductive circuit projecting into the perimeter of
the void;

d) inserting into the void, an electronic component (50) having a thickness
not greater than the preselected thickness of the laminated dielectric substrate
and having at least one contact (51) corresponding in position to the part of said
interconnecting conductive circuit that projects into the perimeter of the void so
that when fully inserted, the contact (51) on the electronic component registers
with and contacts said projecting part of the interconnecting conductive circuit;
and




exanpl e for pressure switches. The invention has been described by way of
exanpl es only and variation 20 may be nade to the enbodi nents descri bed,
for exanple by using equivalents not specifically disclosed. Fiqqiwﬂng$e
docunment fromwhich this application clainms priority, especially the
Figures, is incorporated herein by rﬁference. 2 7 OCT 2004 9 CLAIMS 1. A
nmet hod of making an el ectroni c conpo Ont i nterconnecting device having a
dielectric substrate (12) lam nated with a conductive foil (21 a, 21 b) on

first and secong) béhﬁ‘?ﬁgi’te SREAHELESRSE (*?4)Bﬁ?hé%%g?rggfc&cﬁ%%gﬁ&ﬁtainﬂ% n

i nt erconnect i ng ‘conduc circurt on't secon am nat ed
di el ect ri cprojenting paet diyths étentannekiing eandiciiye incuit tmboldlf theledectmmieict | ve

foil (21 b) on the.second side qf the |am nated di.electric substrate (12)
to | eave %B‘i’?ﬁrﬁdn Y‘?fgé)rfg?ﬁa@&qq%3@5??6%&"?%‘@”%’ rcuit projecting in
part into the perineter of a preselected volunme of the dielectric

substrate material; b) renoving conductive foil fromthe first side (21 a)
of thd | amPnaetwd ofirehkiog rncelecibenic apepanent imtercenpestingedeviceracediding

per necan 4Rt ARG T ok By BB oct ot o mater ol

wthin said perinmeter to create a void in the dielectric substrate
material w thout destroying the part of the interconnecting conductive
ci rcudt préjraethasefimaling 188 gleetreric semponentiaterspaneatingi drsdea aeepriingo t he

or e P2 PhpfH e R isithe Saitindy clffedtud SLEPERR 2RV ThERabe g o

| eastlasgre(1dpnt act (51) corresponding in position to the part of said
i nterconnecting conductive circuit that projects into the perineter of the
void so

4. A method of making an electronic component interconnecting device according
to any preceding claim characterized in that the thickness of the substrate (12) is less
than 200 microns.

5. A method of making an electronic component interconnecting device according
to any preceding claim characterized in that step a) creates a plurality of conductive
tabs which, after step ¢) project into the perimeter of the void.

6. A method of making an electronic component interconnecting device according
to any preceding claim characterized in that the perimeters of the void and electronic
component (50) register.

7. A method of making an electronic component interconnecting device according
to any preceding claim characterized in that the projecting part of the interconnecting

circuit is used as a pressure switch.

8. A method of making an electronic component interconnection device according
to any preceding claim characterized in that the laminated dielectric substrate (12) is
flexible.




that when fully inserted, the contact (51) on the el ectronic conponent
registers wth and contacts said projecting part of the interconnecting
conductive circuit; and 2 7 OCT 2004 10 e) bondi ng together the contact
(51) on the electronic component and the projecting part of theZ7 0CT 200

i nterconnecting conductive circuit to hold the electronic conponent in the
void of the dielectric substrate matetial. 2. A nethod of maki ng an

el ectroni c conponent interconnecting device according to claiml
characterized in that step c) is carried out by a laser (14). 3. A nethod
of making an el ectroni c conponent interconnecting device according to

cl ai "2 chAmaethediacedrding tdianhy phecddimg olairmdodinekiagta multdayestR@Be (12) is

d t the | 14). 4, d of Ki t ' t
't or elraEtereg B dad sebandivedor (51 B o presecami s df ol echERkBIcr S ed | n
that bbeorhbs afiffiér 1ajer SRbsuled It mifilaye? shiidfreH8meEd MAUARg the . A
nmet hod of making an el ectroni c conponent “i nterconnecti ng devi ce atcordi ng

t o angtepsef daserdinglaaflimabimdiednta theewid to coratacstheexppsed eatbesidedpl ural ity of
conductive.. tabs which, .after_step ¢) .project into the perineter of the
VOi d.c%?a'%tw%??f@&‘”&bmfﬂ% %Wpéﬁ?‘é%ﬁeeéﬁfe "®onponent i nterconnecting devi ce
according to any preceding claimcharacterized in that the perineters of
the void and el ectronic conmponent (50) register. 7. A nethod of naking an

el ect 16ni cAdaethedaiimaking aosiecttania goaponeat intaroormnegjiontdevineyagnosdiadi ng
claimc terized i h roj ecti ard of. the.interconpecting
circu oté}ﬂé&%g'ggln@sg%'ﬂ}f%&%Fba&ﬁ??rg)ﬁdc@.tn% ﬁ&tfﬁ%ﬁa'&é}mf}%‘gﬁaﬁ&&%ct ronic
conpob@mps itt effeciobdiRiihg.on devi ce according to any preceding claim
characterized in that the lam nated dielectric substrate (12) is flexible.

11.  An electronic interconnecting device comprising a laminated dielectric substrate

(12) having a first and a second side and being comprised of a polymer material

laminated with a conductive foil (21a, 21b) on both the first and second sides,

characterized in that:

a) a circuit is formed in the foil (21b) on the second side of the laminated
substrate (12) having at least one interconnecting conductive foil part projecting
into the perimeter of a void in the dielectric material at a prescribed location
within the perimeter;

b) an electronic component (50) having a thickness not greater than the
thickness of the substrate is positioned in the void of the laminated substrate (12)
and has at least one contact on its surface that corresponds in position to the
said interconnecting conductive foil part and registers with and contacts the at
least one interconnecting conductive foil part; and

c) the contact on the component and the at least one interconnecting conductive
foil part of the interconnecting device are bonded together to hold the component

in the void.



2 7 OCT 2004 11 9. A nethod according to any preceding claimfor nmaking a
mul tilayer PCB characterized in that the conductive foil (21 b) on the
second side of the substrate (12) becones an inner |ayer enbedctqudTn@P[ihe
nmul til ayer structure, the nmethod including the steps of inserting a flip
chip die into the void to contact the_exposed enbedded conductive foil,
and bonding the flip chip die theret d2 10. A nethod of mnaki ng an el ectronic
conmponent i nterconnection device according to any preceding claimfurther

char apj eri ?\%deg\ia&rt%melinté%nh&{ﬂ'\gHéﬁcgia%cbmdtﬁe j&laﬁﬁﬁj m&efi?eoefnf ect
bondi ng. 11. An electronic 1n connect ng Vi C€ conprising a |I'am nated

di el ebat itbe shibletesstaf th¢ $Qpsthatei (18) & 1663 Hiana20D miensond si de and bei ng
conprised of a polyner nmaterial lamnated with a conductive foil (21 a, 21

b) on both the first and second sides, characterized in that: a) a circuit

is forgred inp élBlétrér% intérebnBicity H8Gice %%88@(1)@ 3c19im 4 1or12emRphGdrzsbstrat e

(12) having at |east one interconnecting ductive ?(;%irl part projecting
i nt o yha phaalityef énterdonaectingl condudtivedoit parts prajeatingeint@theaperimetee f thebed

| ocation. wthi he rimeter; b).an electronic conponent (50) having a
t hi ckfIddn mﬁd'ﬁ{éé:gﬂcemg&ﬁ%aiﬂé’r% ledjasations W‘h@“ghﬁnB?F@F t's positioned in
the void of the Iam nated substrate (12) and has at | east one contact on

its surface that corresponds in position to the said interconnecting
condut i ve Ahglectienic inerconsgtiingdevieg akcendingtorglaion 1 h2oafl3 | east one

i nter 1ng. C ctive foil .part, and. c) the contact on. conponent
and (B e eliga8 i BREHTE o s ot ARt ecBRtisru R Pediters Wah e
i nt erpeyimeter ofthed@idce are bonded together to hold the conponent in the
void. 2 7 OCT 2004 12

15.  An electronic interconnecting device according to any one of claims 11 to 14

characterized in that the laminated dielectric substrate (12) is one of a tape and sheet.

16.  An electronic interconnecting device according to any one of claims 11 to 15
characterized in that the substrate contains a plurality of voids with circuitry formed in

. the foil associated with each void and within each void is mounted an electronic
component.

17. An electronic interconnecting device according to any one of claims 11 to 16
characterized in that the device takes the form of a multilayer PCB and in that the foil on
the said second side is a subsurface layer.

18. A method of making an electronic component interconnection device having a
dielectric substrate (12) laminated with a conductive foil (21a, 21b) forming electrical
conductors on opposite sides of the substrate, and means for connecting these
conductors through the thickness of the substrate, characterized by the steps of:




12. An el ectronic interconnecting device according to any claim11
characterized in that the thickness of the substrate (12) is |less than 200
m crons. 13 An electronic interconnecting device according to ckgiﬂhébyor
12 characterized by a plurality of interconnecting conductive i ts
projecting into the perinmeter of the _void in the dielectric material at a
prescribed |l ocations within the periﬂ@ter. 14 An el ectronic interconnecting
device according to claim11l, 12 or 13 <characterized in that the perineter
of the electronic conmponent registers with the perineter of the void. 15.
An el ectronic interconnecting device according to any one of clains 11 to

14 char aga)a;]éle@td/eilywraimm? bertlonsi ofdhe dodd edtivetfoil onsué:iwid@beu(elsz is one of
a tape and sheet. 16. el ectronic i nterconnecti evj ce accordjing to any
o of oI dPmTatedileglio R HBIe I5RYE [SARITS Sl COURRY BIRICOBIANES. o

plurality @b 48} Aavilthdréd ERYhtdbei el tharl fﬁ%.tﬁf&khe?sgéﬂﬁietast@%tfmetAE each

void and wthin eacﬁ@vm d is nounted an erectronl C conponent.

el ect r oni ctheerftesr endhoétita tab piejectieg ato dhel padmieteraofya preselettex] volomeldf to 16
char act eri%]edd.i n that tg_e device takes the formof a nultilayer PCB and in
that the ffdigericRubsHAe g@i%f?d side is a subsurface |ayer. 18. A nethod
of maki ng an el ectroni c conponent interconnection device having a

dielectric substrate (12) lamnated with a conductive foil (21 a, 21 b)
form ng el Roemavdng cerdittive doit from thppadber sideiofiée laiminatedglielectirist e, and

means for conn ing. these conductors through the thickness, of .the, .
subst r ar e, SEREAL WARIL R Ty Tole 6 BSprroRSRl vokimsda FXResE i dblibtric el
renovi ng paudstreins nidterfidlcobleient Witkinfszid pefimes; si de of the | ani nated
dielectric substrate to | eave renaining an el ongated interconnecting tab

(30) having a free end and being | onger than the thickness of the

substrat e, j J I r, [.pf a

oresel oot 3 STV EptFef B folliat BF 1 BB CHubilldte o Rt Wilih Sai
perimeter to create a void in the dielectric substrate material without destroying
the elongated interconnecting tab (30) projecting into the perimeter of the void,;

d) moving the free end of the tab (30) through the void to the first-mentioned side
of the laminated dielectric substrate; and

e) connecting the tab to the conductive foil on the first-mentioned side of the
laminated dielectric substrate.

19. A method of making an electronic component interconnection device according
to claim 18 characterized in that step c) is carried out by a laser (14).

20. A method of making an electronic component interconnection device according
to claim 18 or 19 characterized in that the laminated dielectric substrate (12) is moved
past the laser(14).

21. A method of making an electronic component interconnection device according
to claim 18 wherein the laser (14) is a CO; laser.




b) renoving conductive foil fromthe other side of the lam nated dielectric
substrate within the perineter of the presel ected volune to expose the
dielectric substrate material conpletely within said perineter; c)
renoving entirely the volume of the dielectric substrate matergal(f{uzilsi n
said perineter to create a void in the dielectric substrate materi al

w t hout destroying the elongated i ntlér connect i ng tab (30) projecting into
the perineter of the void d) noving the free end of the tab (30) through

the voyd tQ ﬁo§i o'fﬁ{ %’%Eiﬂro% éjgorpg{)n M8nte ?]%Brﬂ%tcﬁgn ﬂ’e@ c‘égalrc]:%{)ﬁdéng

substrate; an COI’II’] e co lve

fir sttonsaim 20 eHasacterized |hhbat dtepial i eatridd @ueasingaarsmbrkt rate. 19. A net hod
of making an el ectroni c conponent interconnection device according to
claim 18 characterized in that step c) is carried out by a |laser (14). 20.

A netdmd o I ij cordi ng
o ol B m 18 O o G o o BRI ot o
( 12) hosanyommlof gaists 18¢o0 PAdoba(deterizedllin thanibettieleofricraiatenigl €42)ds act r oni ¢

i nt erconnecti on device according to claim 18 wherein the |aser
(14) F?@ | aser. 2 7 OCT 2004 14 22. A nmethod of making an el ectronic
conponent | nt erconnecti on device according to claim20 characterized in

that step a) is carried out using artwork. 23. A nmethod of naking an

el ect2%4ni A metpod oh making:as eleatonicocordponer natecmrmattgon devigeyacensding cl a| 13
18 tq 22 char r|zd|n hat the di.el ectr.i i

24, AOHMIACRIMEaRE o ek RRke STt Sitebria o lPlRLb L rhedtion Br Sac BEe ™
aCCOftﬂL%ﬁlveﬁéhoﬂ?MdFUrﬁm%QbB%O pﬂoFedtuhgrmttﬁélpéaﬁmester otk wiep ¢) is fol l owed
by deposition of one of tin ver and gold on the tab (30) projecting

into the perineter of the void. 25. A nethod of making an el ectronic

conmpogient A HAhGE 3P ﬁ%léil?dqaﬁlee@c(ﬂ%n?ccg&rﬁg&ﬁ&\t interconnection device according

to claim 7 characterized in that the deposition covers all exposed portions of the
laminated dielectric substrate (12).

26.  An electronic interconnecting device comprising a laminated dielectric substrate
(12) having a first and a second side and being comprised of a polymer material
laminated with a conductive foil (21a, 21b) defining electrical conductors on both the
first and second sides, and means for connecting these conductors through the
thickness of the substrate, characterized in that:

a) selected portions of the conductive foil on one side of the substrate are
removed to leave an elongated conductive tab (30), the tab having a free end
and being longer than the thickness of the substrate;

b) a void is created in the substrate; and

¢) the free end of the tab (30) passes through the void to the opposite side of the
substrate and is connected to the conductive foil on that opposite side.




to claim?7 characterized in that the deposition covers all exposed portions
of the lamnated dielectric substrate (12). 26. An electronic

i nterconnecting device conprising a |am nated dielectric substrate (12)
having a first and a second side and being conprised of a polyner ﬂ@hﬁgﬂ?

| am nated with a conductive foil (21a 21b) defining el ectrical S
on both the first and second sides, §nd nmeans for connecting these
conductors through the thickness of the substrate, characterized in that:
a) selected portions of the conductive foil on one side of the substrate
are renoved to | eave an el ongated conductive tab (30), the tab having a

free Znd Aneidutionis t@ﬂp@ﬁeﬁthnﬂerédmécﬂbﬁlﬁ@eﬁ:% acotding saiblaima6e; b) a void
is created in the substrate; and c) the free end of the tab (30) passes

t hr ougresieriged in that efl @xppprd Pediosis &f the laripates dislectiicsubsirate ationnect ed t o
the condugtive foil on that opposite side. 2 7 OCT 2004 15 27. An

el ectroni ¢ conponent interconnection device according to claim 26
characterized in that all exposed portions of the |am nated dielectric
substrate are coated.




