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The presen |nven lon relates to a nmethod for use in the manufactu f

circuit boards. 5 Various kinds of circuit board are nowadays very w dely
used in the nost diverse applications, ranging fromsinple applications to
extrenely conpl ex, |arge-scale applications. Previously, circuit boards
wer e oneMdtHedlirsMadtfabfieig offCirhidt Bomdsone side of an 10 insul ating
baseboard there was a copper |ayer used for connections, which was etched
in a suitable manner to form conductive and non-conductive areas. The
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i nsul ati ng board, 15 because technology is contlnuously devel oping in the
direction of miniaturization and situating conmponents in the small est

possi [ e Vapadaskimsls ef oinauit badrdiane hewnda}mfvensawudeiy,usﬂd mght- emisndqmese Thus,

both sides of the circuit baqar q be epr0|ted Many. d Ifere t naterlals,
Wi th var gpplicatieahanngiag froanempiarpplicAloRy WetTeaay Ly B?’E)‘B@P‘t SC3§ are used
as the basgknaterlal of circuit boards. One generally used material is a
board madBPYPHAPY ass-fibre and epoxy resin, which is often generally
referred to by the nane FR4. The properties of the board are good and al so
include fire-resistant substances, allowing the fire resistance required in
denandi n@rd:\ac@diy,mmmitdaobs:lsmdsmmmdea5trHajuess #r thatyendeonasidé ofcani t boar ds,

t hrough which an el ectyical connectiogn is ended to be en to e other
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bei ng pl aced t he C|rc t board r he
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Nowadays, circuit boards have a copper layer on both sides of an insulating board,
15 because technology is continuously developing in the direction of miniaturization and
situating components in the smallest possible space is economical in terms of

manufacturing technique. Thus, both sides of the circuit board can be exploited.

Many different materials, with varying mechanical, chemical, and electrical properties,
20 are used as the base material of circuit boards. One generally used material is a board
made from glass-fibre and epoxy resin, which is often generally referred to by the
name FR4. The properties of the board are good and also include fire-resistant
substances, allowing the fire resistance required in demanding locations to be
achieved.
25
Holes are made in circuit boards, through which an electrical connection is intended
to be taken to the other side of the board. In certain circumstances, the ‘foot’ of the
component being placed on the circuit board can be attached by soldering to the
copper layer on both sides of the board, when a connection is also made between the

30 layers.



Anot her i Qo perform so-called through-coppering, gpper bridge
is forme HP%ﬁ%ﬂ&fhe hol e, between the copper |ayers oﬁefﬁE%WQFﬁggs
surfaces of the circuit board. 5 A thiﬁd way is to insert into the hole a
tight-fitting copper sleeve, which, if“necessary, can be soldered onto the
copper layers. As already statgﬂgiﬁ%rc its can be, nade on %pe surface of a
circuit Bowthertyayels sRPAYOEREY-C AUBRsERPRCT B AP PER BEORRFS &%ﬁésr | ayer,
i.e. by leaving only,.that part_ of i ired for
the ci t cleir SRt i Bkt L EfpP S oRRp B shaVElo b dE s oL B
process and.it foard Present, perforned on autonmated production lines. The
copper | ayer renoved by etching is recovered fromthe acids after etching.
Machi ni ng can al so be perfornmed using a |l aser, in which case the excess

copper is vaporized fromthe face. ,The.circuit pattenni eat ed
I Ees o s toyinge sy heamsmnuce et SBolp S IS Ehr T ace

of the FR4.,Crqatl L1 his manner is, of course, an extrenely
i neffici &Mt bﬁ%@ﬁ%rﬁa%ggoﬁler%gjg%r La g%'s nore than 90 % of the copper |ayer,

whi ch has been nade on the surface of the FR4 using a conpl ex production
process, is renoved. 20 The present invention iﬁs i.nt ended i)o create a
met hod, s atteatin etamrdgl cioéuitaian thetrhadlesai ehessraecel ngratt hased PRGINRE aces of a

circuit board to each other, wel | as the cragati-on of Cl iy pattern
on the s@™P¥dhe BROER¥AL] PAL ?fat@s&?al?e@%f b’ee‘g’ ﬁ?%’rnﬁ%%&y atg?toé a;/rg 8ltciehrﬁt ainly,
and egonomi call v, ; r I ped TanOmetears advianilaeeslomgd benefits
of th Bpfggéﬁga‘ﬁ&é%?ggﬁyg%gigc |é%§§'in the nanﬁ%r described as
char act erjrslh@-detelbPpeac pTamt g aChedser, périfgunel dn sttonsitatpradatiiconl | y t he
progress of the process of the invention, mhen@%he 3Q con ugtiqﬁ | ayers on
the di ff direstTisudppeekyof rameveddyi aiclipgiurespvered HRBEIEACKE AHFHFHE 0 t he
' nvent! Or}\’/Iac ?r?ing can also be performed using a laser, in which case the excess copper is

vaporized from the surface. The circuit pattern is thus created in the said manner by

15 removing the unnecessary copper from the surface of the FR4.

Creating a circuit in this manner is, of course, an extremely inefficient method, as in
most cases more than 90 % of the copper layer, which has been made on the surface of
the FR4 using a complex production process, is removed.

20

The present invention is intended to create a method, which the aid of which the said
connecting of the two surfaces of a circuit board to each other, as well as the creation
of a circuit pattern on the surface of the circuit board, can be performed rapidly,
certainly, and economically.

25

The aforementioned and other advantages and benefits of the present invention are

achieved in the manner described as characteristic in the accompanying Claims.

Figure 1 shows schematically the progress of the process of the invention, when the

30 conducting layers on the different surfaces of a circuit board are connected according

to the invention; and



WO 2008/ &aﬁ%@%ﬁgégl 2008/ 050312 3 Figure 2 shows, for i{sﬁT@%rgsgé({?&ggcuse of

a | aser, intended to make a circuit pattern e of a
circuit board. The event according to Figure 1 is described first. 5 The
invention's basic principle is that, in order to create a qui ck nethod,

whi ch can.be easily integrated in the manyfacturi c -laser is
used to W@?tsg?‘b’@eé?’ﬁﬁ Bi”ﬁet dﬁﬁgfafag%rw eSr#E téﬁlé&gfj?(ggorgﬁge %i%gg‘gl%of t he
card. Th e Jbe, SaNE: basgr that is generally used to make holes
inthe c ?%%%b%?&%{}upgco vious that the overall intention 10 is to use a

| aser with a wavel ength suitable for the purpose. As stated, the holes in
the circuit board can be nade usipg abal&ﬁser that may further conprise a

| aser unifheopyentaacionglingto guer ¥ setesmtPefdiel engt hs, one of which is used for

penet ;’ﬁti ng the copper and the other for penetrating the insulator |ayer
bet we the 15 copper layers. According to the invention, particul ate

copper OFp. ; 2 SRR RbIRGs SRBAR S teceshté Qhuicrmithadawhihtaat , and,
in fact, ?%rﬂ?%rﬁﬁ ngb% ol ed.illehi s mat é)rri al is sui 'Elabl y fed into the hole,
the fed ibateasilyaintdgsated it ereadanufoauang pssess, Addseyisgsed to ¢amert togethgtidi t i on

of the 20 particulate material and the sinterjng of t ew batch hei ng
r epeat ed the copiy lavierean the didewas s ??ﬁh&cé@t éJhFﬁ%ge’F ’éﬁ{}ger S%‘Bﬁﬁaafﬁ’f‘? i gure

1 shows t.hat on, both sides,of t i I : E [ per
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I's pl ggeds pny@ ﬁ@sep%ﬁﬂpé’%radelgngtﬁsQRM@EoM@u‘i‘ﬂbdsei s used to bring a batch
of powder to the hole. In the next stage, the laser 2 sinters the powder in

the hol e and these stages are repeated as many tinmes as necessary. In this

case, the repetition takes place only once. In this way, .an elegtrical
conduct orf\s Sjaf@?‘e‘élﬁg’@l@éé‘ﬁ%ﬁr‘%‘meb%ﬁﬁé‘? Fé&?élFélsﬁg_a aser that may Ether

comptise a laser unit operating on two different wavelengths, one of which is used for
penetrating the copper and the other for penetrating the insulator layer between the

15 copper layers.

According to the invention, particulate copper or a material containing copper is used

for forming a contact, and, in fact, for filling a hole. This material is suitably fed into

the hole, the fed material is sintered into an essentially solid form, the addition of the
20 particulate material and the sintering of the new batch being repeated as many times as

necessary to create the required contact.

Figure 1 shows that on both sides of the insulator layer FR4 there is a copper layer
Cu. The hole is made through all the layers, when the circuit board is placed on a

25 baseboard 3. A powder nozzle 1 is used to bring a batch of powder to the hole. In the
next stage, the laser 2 sinters the powder in the hole and these stages are repeated as
many times as necessary. In this case, the repetition takes place only once. In this way,

an electrical conductor is created between the copper layers Cu.

30 The method according to the invention is quick and, as stated, can be easily integrated

into existing manufacturing systems.



WO 20089%‘?%%)%§/§§[%F12008/ 050312 4 The wavel ength of the Jﬁ@ﬁ@ﬂf‘i@ﬁ@ can be,

for exa m which is generally used when one ah Yl aser is
used to make hol es through both the copper and the insulator |ayer of a
circuit card. O course, other wavel engths too are avail able. Under nornal
conditiops, 10 600.n an be regarded. as_so t _of n- ricting
upper 5 HPHiAVEEPEHEC E"F%‘&Fﬁ aﬁ‘g)g’dfﬁf)\%?mgg’ %“'?‘a gﬁf‘d{ﬁg g%%ﬁq%ﬁ g%dt 0

achi eve | HegRH! 4 s 10 QM tBIn e K418 GPHRY bRAWHE Loppd? dhli@hKnown
manner, I%Lsoﬂeﬁag?i%{%g%g the ‘circuit board can be such tha?éthe hole to be
drilled gubngslaybr slughrduitdard.lRf cnesd, atlosr wanekmgtndobetrdawedplper Undgrer s. 1t
is then 10 obvious that sinteri n%w’ |1 t(?ke pl ace OP top of ,a,base, to

whi ch t heocopbemditgorse 16 PR Bmegn e|egarded aosReesort 3 RRUKSFECIIE WRFE to the
copper_ |l ayer of the secaond.surface M thout. pgn t] jt :
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of the p b4 {he B [}Qﬁ,gerpmthe bottom of the hole. 15 Cobviously, sone
sui t abl e@1 e%?nc%&nugt gg& sed tro dose the copper powder into the hole. As
such, there is no intention here to consider the operation of the feed
device, as easily nodifiable deyices

,, devel qped,for, ot her,appli.cati ons, can
be found If she kno®n mansesdhe situgtion o e @rpuitRpard fan E%%Cgléhf‘g‘%ﬁé“’?e to

fficiently.fast and th ' LLcient: t
o ensur DearysaarinarhPRehppt 9 hr gy PRAP thd hUE e LhELCII ImaCT LT At e
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t he e?ectrl cal conductlgity shoul d be at | east of the sane order as in the
30- ni cr oiiteedtwillalotadheer Iffthe holkereatenids toythreeropipey layeref tha sedeadsurfpece of

the insul ating | ayer of, ci rcyi t boards ver..., this di.nensi on can vary
accor di ngvithoutipenosating dnidediosamsauencdproblem willaos ppss instedd B nduct i vi t y
of the hol
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primary sintering substance, the corresponding properties can, of 30

course, be achieved using other netals, or netal alloys. Nowadays, however,

the usg dbvieadyasnae smtable desicnantdtde vdekio dast ahe eeppes perdpeitia ke

perm tt edHoIe. As such, there is no intention here to consider the operation of the feed device,
as easily modifiable devices, developed for other applications, can be found for this
putpose. It is important for the device to be sufficiently fast and the dosing of the
powder to be sufficiently accurate to ensure 2 good final result.

20
Ele.ctrical conductivity is of primary importance in the manufacture of circuit boards.
Thus in a sintered hole the electrical conductivity should be at least of the same order
as in the 30-micrometre-thick copper film that is generally used on the surface of the
insulating layer of circuit boards. However, this dimension can vary according to the

25 intended purpose, so that the electrical conductivity of the hole too must be adjusted

correspondingly.

Even though copper as a powder, or a powder with a sufficiently large copper
content, is the primary sintering substance, the corresponding properties can, of
30 course, be achieved using other metals, or metal alloys. Nowadays, however, the use

of lead as a metal is neither desirable, nor even perhaps permitted.



WO 2008/ 152193PCT/ F12008/ 050312 5 In the best case, the_s] d metal or
netal al W&Z(Wfﬂzﬂ():be slightly flexible, because under c’éﬂ‘/gizﬁgsgoﬁﬂ%?ti ons

the operation of circuit boards m ght an limted thickness variations in
the insulator layer. 5 According to Fi gﬁre 2 shows schematically a second

enbodi ment of the inyention., According,to the cond di t of the

i nvent i oA th%@%F@éi%ﬁéHﬁ“@éﬁ&‘ﬁ Qf\)?l?‘gl%‘ 'B’f)ufcﬁée s@’@bﬁ%&%"ﬁ?’l‘?&”@? rcuit
board is produced by si-nieni e Is" theHiAskat or,
for exanﬁ{%’gfr OAto t %Gﬁt‘laéfglggg)g ﬁ%% ﬁﬁg&ggg{oégdsg gxiléralgq?%&éf% rl)erfor med by

spreadi NG PRSNEInSHE Rahitef lafy&re board powdered copper, which is heated by a
| aser to sintering tenperature. The material is kept at this tenperature

| ong enough for the powder particles to fuse. The sintering copper slightly

melts the surface of the jnsul ator,. that the,c er eres f:irmy to
it. 15° FiAgQEPé‘L?g §%§V@rﬁgﬁ}’?‘F{%S‘g’F8@E‘§§Pyp? S8R Sﬁﬁ‘brpgﬁg‘ftﬁe‘%gg? éngngIﬁgﬁ'of t he
powder to the sintering. Thus a solder of particul ate copper, of the
desired wi dth and shape, is spread onto the surface of the insulator FR4,
froma nogedoedihg tStRdRcdnd ambbdinidhe of tlevinousti@nithe eleemical amdudtivigs gyo 2
follows the nozzle 1, sintering the spread copper powder onto.th«i surface
of the i mduhasuface sf deecirquit bured &5 prodiesd basintarngRRPREIPIWH dirsstiy o

f 4, and, th i nt d t, 4 ' i OF which th
| aser  bodAD Ais aldl (41 SRR PEIERES AR st RPREME Skl 11 "

heat | ' i Bgart
eat ! ng %ﬁﬁgﬁ@g%ﬁ-ﬁggg&w& el rfaYe SENRYORLIPSwHBIRE ebFFENwhitl i Rgatkie

pr ocess, ornmed using, for exanple, a pyroneter. 25 The
powder caby Phisdrad siinbiigy eentbeghtuat.IFheannterial isddpnazhbissemparktezdong spread in
a even |l ayer over the entire area, for_ exanple, usin ﬁlspatul . The unused
powder r esmmiugh her e o den patticksttadre. Ehﬁswmgo@%ﬁg tyrReltSiBGder can

al so be spregad jn place usin mask, especi al n manuf acturing | arger
series. | rgﬁ’é(’#%‘@dn at?ﬁéoﬁgﬁé}é’? C?%&eésaaﬁgrﬁégga%gwnﬁt he heating, the powder
can be fed fromseveral nozzles sinultaneously 30 while the | aser treatnent

takes place at another |ocation on the product. WO
2008/ 152 18igRET! fHoRdai+0 HRSa s Firecaeds frpimathetsprdading oftthe pdwider tethect ed i n

Lo e | rvetstinbrT b osoas e maith GORREF Gkt R LA G DR SOPERtl ng
RIS e L S
embodiment too. A laser 2 follows the nozzle 1, sintering the spread copper powder
onto the surface of the insulator, Stage IL The sintered part is marked with the
20 reference number 4 and the unsintered part, in the direction of which the laser beam
travels, with the reference number 5. The progress of the heating process can be

monitored by temperature measurement during the process, which can be performed

using, for example, a pyrometer.

25 The powder can be fed using a digitally-controlled nozzle, and can be spread in a even
layer over the entire area, for example, using a spatula. The unused powder remaining
after the treatment can then be reused. The powder can also be spread in place using a
mask, especially when manufacturing larger series. If the feed of the powder takes
longer than the heating, the powder can be fed from several nozzles simultaneously

30 while the laser treatment takes place at another location on the product.



5 The negg/ssagYshaser device consists of a | aser with apsprbeby@oy@vel ength
and power, and the beam of which can be controlled wth sufficient

accuracy. The size of the beam nust alsg be such that the cross-section of
t he conductor created will be sufficiently large to ensure a sufficient

el ectrica Vi Y : flci: w Lreui:t_not to
Cake up mipe el it inefled iPiglocklifahink BERE RN e kAR ShbEllibs

achi eved v {ilit tHegSRPbscl REITAR QG he ifveREida! THE précessod etadfusvid iR Bay dt h of

| ess than 100 p, mand preferably one as narrow as 25 pm shoul d be achi eved.
Thi s requivegs by scleasogdis lgseg do e yseal andyitofosberanhe flme aast poptes to he fupdor e

| aser. The variqus versjons of a Nd: YAG | aser. and a ¢di ode | aser can al so be
sui tabl e %ﬁlqtﬁ’énﬁtﬂ"gﬁ er PAEARENTS: VR P it%ﬁﬁ?)‘?vet%g‘? ftton are possibl e,
whil e neverthel ess remaining within the defining protection of the
acconpanying Clains. 7 Clains 1. Method for form ng the conductive parts of
circuit bUQE@Scesespestaddvyceaonbite Wih leatdchensiipphidviveldhgtvandpoweqst
partly conductive surfaces, separated by an insulator layer, and with

hol es, chardithedhdapeaf whichisan bg contraBechwithrsuffetient agturagy. The sszeprftier form

is fed info the hol es con- necting the.surfaces, .or on top of . nsul ator
| ayer of E??arr’ﬁ st 6%8?’8 such ghat &fvﬁ fs-sehil ?1{ 'g\eé:anéﬂé‘?tﬂfgc’ﬁa‘ie el B order to
create a Yk ¢ LisiEe SLIMHEEHE icd1 ?183&?\%) fleiit 0 d
sintering o ' qu eér)rglgggrﬂespeat gec}cﬂa{es u‘qucl%ﬁ ciaént nu é?ngggftﬂl%rregsrt oprac i eve
the del) r &g thk eftiiik @at tcoRduptrhydetspa@ntiag thctridihpdthecohduatst andi f
necessary, phases of nethod are repeated on the opposite side of the
circuit bburhting gap achieved with present technology. In practice, a conductor with a width

of less than 100 pm and preferably one as narrow as 25 um should be achieved. This

requires a reasonably good quality of beam, for example, a fibre laser. The various

versions of a Nd:YAG laser and a diode laser can also be suitable for the purpose.

15
Many variation of th invention are possible, while nevertheless remaining within the

defining protection of the accompanying Claims.



2. Method according to daim1l, characterized in that copper powder is 15
»used as the powder. 3. Method according to Claiml1l, characterized in that
powder with a copper content is used as the powder. 4. Method according to
Claim1l1, characterized in that a | aser, the wave- length of which is in the
range 532- 10 600 nm is used. 20 5. Method according to Claim1,
characterized in that a conductive netal, or netal alloy in particul ate
formis spread on the insulator surface of the circuit board, and the
particulate material is sintered as a desired pattern to adhere to the

I nsul ator surface, in order to create conductive conponent. 6. Method
according to Caim5, characterized in that the netal/ nmetal alloy 25in a
particul atGdafmes mi s spread on the insulator surface, essentially as a line
of the desired width. 7. Method according to Claimb5, characterized in that

the metal/y meividthahl for fofmigPeid bondative partsiof Gimuitatbandst espegial"mfar _over
essenti a the entjre area of. .t Gyl ; y in
the parts qs{rﬁu\%nﬁ)eﬂrdcgﬁb‘mq%{/iv{@ P@O (Jéets‘:élreigg,p ??f %éﬂgg}:g\ﬁ E% H%\% Sﬁgl rsltg gr ed

mat er i al s.rated by an insulator layer, and with holes, characterize ha

5 — a metal or metal alloy, in a powder form, is fed into the holes con-
necting the surfaces, or on top of insulator layer of circuit board,

— the powder is sintered using a laser in order to create a unified con-
ductive structure,

— if necessary, the addition and sintering of powder is repeated a suf-
10 ficient number of times to achieve the desired electrical conductivity
and circuit pattern, and

— if necessary, phases of method are repeated on the opposite side of
the circuit board. )

2. Method according to Claim 1, characterized in that copper powder is
15 used as the powder.

3.  Method according to Claim 1, characterized in that powder with a copper
content is used as the powder.

4. Method according to Claim 1, characterized in that a laser, the wave-
length of which is in the range 532 - 10 600 nm, is used.

20 5. Method according to Claim 1, characterized in that a conductive metal,
or metal alloy in particulate form is spread on the insulator surface of the cir-
cuit board, and the particulate material is sintered as a desired pattern to
adhere to the insulator surface, in order to create conductive component.

6. Method according to Claim 5, characterized in that the metal/ metal alloy
25 in a particulate form is spread on the insulator surface, essentially as a line
of the desired width.

7. Method according'to Claim 5, characterized in that the metal/ metal alloy
in a particulate form is spread to form a layer over essentially the entire area
of the circuit board and is sintered only in the parts in which conductivity is
desired, by removing the unsintered materials.



