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“Method of manufacturing multilayer electronic components”

The invention relates to a2 method of manufacturing a plurality of
multilayer electronic components, comprising the steps of:

@ Manufacturing a laminated sheet in which layers of ceramic tape are each
provided on one side with a pattern of electrodes, are stacked so that the
electrode patterns on consecutive layers are offset back and forth with respect to
one another, and are pressed together; )

(®) Cutting the laminated sheet into segments in which consecutive electrodes are
' alternately exposed at a different segment edge;
© Sintering the segments;
((:)] Providing electrical contacts which interconnect the electrodes exposed at given
segment edges |

"The mvennon also relates to electronic components manufactured using
this method. Such components may receive application as, for example, multilayer capacitors
Or actuators.

. The term "ceramic tape” (also called “green-ceramic tape®) refers to an
unsintered mixture of dielectric (eeranuc) particles and at least one binding agent (binder),
whmhmGammammmwmddndmamfonnahmp"mﬂ' When such a foil is
sintered, the binder contained therein is "burned out”.

A method as stated in the openmg peregmph is known from an article by
D. M. Trotter, Jr., in Scientific American, July 1988, pp 58-63 (in particular page 61), and
from United States Patent US 5,252,883. Commonly employed methods for performing the
cutting step (b) include scoring and breaking, chopping with a blade (dicing), or cutting with .
a saw (as in US 5,252,883), all of which have certain disadvantages, particularly with regard
to the quality of the resulting cut. For example: '

(1) Breaking the laminated sheet along a score line produces a relatively rough
edge. In addition, since breaking in this manner entails a characteristic hinging
of the laminated sheet about the score line, there is a possibility of damage due
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to lateral stretching of the laminated layers, Moreover, this method can only be
used to sever the laminated sheet along a straight line: cutting along a curved

path is not possible; _

VA .Chopping with a-blade can cause crushing of the relatively soft laminated sheet
perpendicular to its plane;

@) In the case of sawing, the characteristic back-and-forth blade motion can cause

tearing along the edge of the laminated sheet.
Moreover, intrinsic wear of the employed cutting tool (blade or saw) in cases (2) and (3)
causes progressive deterioration of the quality of the cut, and entails extra expense by
necessxtaung the penodlc replacement of worn blades

Itisanobjectofthemmuontopmvideamethodofcumngalanumed
sheet such as thatprodueed in step (a) hereabove, without causing s:gmﬁcant mechanical
defomanonofthesheet.lnaddman it is an object of the invention that such a method
should not entail significant mechanical wear of employed cutting tools. Moreover, it is an
object of the invention that such a method should allow cutung to be performed along a
curved path. :

' Mandoﬂmobjectsareachxevedinameﬂtodasspemﬁedinme
opaungpamgraph chamctensedmﬂlatﬂlecumngswp(b)mperfomedbyduecunga
fwnsedhmbamonmmephneofﬂ:ehnunatedsheetandbyeffecnngmhnvemmmof
the beam with respect to the sheet 50 as to trace the beam along a selected cutting path,
whereby the intercept of the beam and the sheet is cooled by a flow of non-flammable gas.

Theterm “non-flammable gas” is here intended to refer to any gas which
doesnot spontaneously ignite in air when subjected to the highest temperature prevailing at
the intercept of the laser beam and the laminated sheet. Such a gas may be pure, or it may in
fact be a mixture of different gases, or it may comprise a vapour. Since it fulfils a cooling
function, it preferably has a large heat capacity, though this is not a strict requirement. The
administered gas may at ambient temperature, or it may be warmer or cooler than its
surroundmgs, as desired. Examples of suitable gases in the context of the invention include
air, the inert gases, N, and CO,, among many others.

In the inventive method, heat generated by absorption of laser radiation in
the laminated sheet causes evapqmtiqn'of the binding agent (e.g. polyvinyl alcohol or latex)
employed in both the ceramic tape and the electrodes deposited thereon. In tests leading to
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the invention, it was observed that such evaporanon 1s generally accompamed by burning of
the sheet edge to somé extent which is highly undesrrable. However, by providing a flow of
coolant gas at the cutting point, the inventors have managed to achieve an excellent quality

cut without attendant burning of the laminated sheet.

An immediate advantage of the mventwe method is that it does not rely
on mechanical contact between the laminated sheet and a cuttmg tool 5o that there is no

stretchmg, erushmg or tearing of the sheet edge, and no attendant tool wear,

‘A pameularly sausfactory embodlment of the i mvenuve method is
characterised mthattheemployedlasensaearbon d:oxxde (CO,)laser Otherlasetswhleh
are suitable for apphcanon in the inventive method include, for example YAG and excimer
lasers. The choice of laser will depend inrer alia on the thickness of the laminated sheet and
on its pamcular material oonsutunon, since such paramem will place a lower limit on the
required radiative fluence for the euttmg proeedure. For the lammated sheet eomposmons
commion to commerexally available mululayer eapamtors and actuators (tluelmees of the order
of 0.5-2.5 mm), the inventors have obtained hngh-qualxty cuttmg performanee from a focused
Cozhserhmngawavelengthofloumandaradmhvepowerm memgeaoo-looow
The employed laser may be pulsed or continuous. -

_ Apreferennalembodmentofthemeﬂxod aeoordmg to the invention is

: chmetensedmﬂlatﬂteﬂnckneesofthelannnatedsheethsmthenngeo1-30mm,and

'thattheﬂueneeofthelaserbeamatitsfocushesmtherangeso-SOORWImm’ Within these
mnges, alateraleuttmg epeed of the order of 200 mmlsean eas:ly beobtamed.

Apartfromthemﬂuenoeofpammeterssuchasnsheatmpacttyand

" temperature, thepmeuealeoohngeffeetofﬂteeoolantgaswﬂlalsobedetermmedbyus

- 30

ﬂowrateandﬂowdenslty lntlusreepeet themventorshaveaohxevedgoodmtﬂtsusmg
ﬂow-ratesmtherangeo l-thtersperseeond(measuredatatemperatureonS‘Canda
pressure of 1 atmosphere), the flow bemgdlreetedalong thelaserbeamthmughanouleexnt

'havmgadmneteroftheorderof06mmandloeatedwnﬁlmafewmﬂhmetersofﬂxe
' lammatedsheet. '

" In a preferred embodiment of the mventwe method, the flow of coolant

gas is provided by a nozzle oompnsmg
- a hollow chamber;

. & gas exit aperture in a wall of the chamber;

- 'afomsmgienswhxchformspanofawallofthechamberandwhoseopnul
axis passes through the gas exit aperture, and
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- a gas inlet aperture, to supply the hollow chamber with gas,
whereby, during cutting, the laser beam is directed along the optical axis of the focusing
lens. Such a nozzle serves both to focus the laser beam and to direct the flow of coolant gas.
In a preferential embodiment of the nozzle, the chamber is tapered towards the gas exit
aperture, so as to provide a focused jet of coolant gas coincident with the emergent laser
beam. See Figure 6. |

The choice of dlelectnc material i in the ceramic tape will determine the
smtabllxty of the electronic component for various apphuuons If the component is to be
used as a multilayer actuator, then the dielectric material should comprise a piezoelectric
material such as BaTiO; or PbTiO, (having a perovskite structure), for example. On the
other hand, if the component is intended for use as a multilayer capacitor, then the dielectric
material may comprise Ce-doped BaTiO;, for mnple. The electrode pattem may be
provided using, for example, silver-palladwm ink or
Pd-PdO ink in combination with a screen printing procedure. To date, the inventive method
has successfully been empioyed on various laminated sheets comprising a wide range of
dielectric materials and binders. o )

- It should be explicitly noted that the layers of ceramic tape which
constitute the laminated sheet need not all be of the same thickness, or of the same material
constitution. Themneapplismtheelectmdepattems In addition, it is not necessary that
the thickness of the laminated sheet be completely uniform. '

| The invention and its attendant advantages will be further elucidated with

the aid of exemplary embodiments and the accompanying schematic drawings, not all of
uniform scale, whereby: | |

Figure 1 renders a perspective view ofpartofalammawd sheet which is
bemg cut using a ‘method according to the invention; -

F1gure2g1maplanv1ewoflayersofcerahﬁcta_pewhich have been
provided with a particular electrode pattern; -

Figure 3 shows a cut segment of a lammawd sheet whxch is being
provided with electrical contacts; .

Figure 4 depicts an electronic component in accordance with the
invention, which is suitable for surface-mounting on a printed circuit board;

Figure 5 shows an electronic component according to the inveation, which
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has been pmvxded thh wire leads
' Figure 6 dep:cts a gas nozzle sultable for use in the inventive method.

" Figtire 1 shows part of a laminated sheet 1 which is being cut using a
method in accordance with the present invention. The depicted schematic view is partly
perspecuveandparﬂy cross-sectional, and i is not to' scale. ‘The sheet 1 compnses rectangular
layers 3, 3’Ofso-calledgreen(¢e unnntered)caamxcmpe,whlchhavebeenpressedmma
stackedarrangement Eachlayer3xsprovxdedononefacethhanelectrodepattem5 which
mdusaselakestheformofarectangleextendmgasfarasag:venedgeofthelaya'3but
_stoppmg short of the opposite edge Each layer 3' is s:mxlatly provided with an electrode
pattern 5°. mlayers3and3’msnckedmaltunateamngmentmsuchawayﬂm,almg
angenedgeofthesheetl o:ﬂyﬂueelectmdesSareexposed whereas, alongtheopposwe
edgeofthesheetl onlytheelecﬂode’areexposed(iangurel th&aearerespecnvely

' thefrontandrearlongedgs)

'melayers3 3 maybemufacnu'ed from a so-called viscous slip
comprising a suspension of parhcles of dielectric matenal (e.g. doped or undoped BaTiO,) in
a liquid organic binder (such as a polyvmyl alcohol, e.g. Ho_echst PVA

' 20-98 or PVA 56-98). This slurry can be poured onto a paper sheet where, upon drying, it

fonnsaﬂatlayerofdryceramictape(typiultmchlessofmeorderof

10 um), whxchmlambemmovedfrommepapersheet. This ceramic tape can be cut into
portions of equal form and size (e.g. identical rectangles measuring 100 100mm?), and all
thuepomonscanbepmvxdedononefacemthmedemedelectmdepamm by screen-

- printing them in sllver-palladmm ink, for example (the thickness of the ink-layer being of the

order of 0.5-2 gm). Thepomons thusobmnedm thmbestacked on one another so that all
electrode patterns are "face up", but so that altemate sheets are rotated through an in-plane
angle of 180° with respect to one another; m thls manner, it is possxble to achieve a back-
and-forth offset of alternate electrode patterns If so desired, this stack can be finished off
wnh an additional layer of "plain" ceramic tape (i e. without an electrode pattern), as in the
case of layer 3" in Figure 1. Finally, the stack can be eompressed into a compact laminated
sheet (using a pressure typically of the order of 3000 bar). Generally, such a laminated sheet
1 will have a thickness of the order of 0.5-2.5 mm, wherein the individual layers 3, 3’ each
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have a thickness of the order of 4-20 um. _

| As depicted in Figure 1, the laminated sheet 1 is being cut in accordance
with the invention using a focused laser beam 7 (not to scale). This beam 7 is derived from a
continuous CO, laser, and is focused into a spot 9 having a diameter of approximately
50 pm. The laser has a wavelength of 10 um and a radiative power of 200 W, so that the
fluence in the spot 9 is approximately 100 kW/mm?. The arrows 11 schematically represent a
flow of coolant gas which is directed (from an undepicted nozzle) towards the spot 9 along
the direction of the laser beam 7. The empioyed gas is air at a temperature of 25 °C (room
temperature) and a flow rate of 0.5 liters per second.

The effect of the beam 7 is to locally raise the temperature of the sheet 1

to (or beyond) a point at which the organic binder in the layers 3, 3' and the electrodes 5, S’
evaporates, while the flow 11 of gas simultaneously prevents unwanted burning of the sheet
1. By tracing the spot along a (predetermined) cutting path 13, e.g. by translating the sheet 1
relative to the beam 7 in the direction A, it is possible to neatly cut the sheet 1 along a
straight or curved line. By repeating such cuts, the sheet 1 can be subdivided into small
segments (having typical lateral dimensions of the order of 1 X 0.5 - 4 X 5 mm?), which
can be used to make electronic components.

Embodiment 2

Figure 2 renders a plan view of two layers 23, 23’ of ceramic tape. These

| layers have respecuvelybeen provided with electrode patterns 25, 25°. As here.depicmd,

layer 23" is identical to layer 23, and has merely been rotated through an in-plane angle of
180° with respect to the latter. | |

A lanunated sheet can be manufactured by alternately stacking a plurality
of layers 23 and 23° face-up in a direction perpendicular to their planes, so that their edges
are flush Gust as in Figure 1). This stack can then be finished off with a layer of plain
ceramic tape (i.e. without electrode pattern), and pressed. If the stack thus obtained is cut
along the lines 213, then the resulting rectanguloidal segments (each with six faces) will have
four faces where only ceramic tape is visible, 2 first face where the electrodes 25 are
exposed, and an oppositely-located second face where the electrodes 25’ are exposed. The

. electrodes are therefore electrically insulated from the outside world, except at the first and

second faces.

]
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In practice, the layers of ceramic tape employed in electronic component

" manufacture will generally comprise a great plurality (many hundreds or thousands) of the

"unit cells" dep:cted in Fxgure 2,

The cut segments produced by the procedure in Embodiment 2 were
sintered for 2 hours at a temperature of approximately 1200 °C (step (c) of the inventive
method). Such a sintered segment 31 is depicted in cross-section in Figure 3, where it is
being provided with electrical comacts (step (d) of the inventive method) The depxc&ed view
is partly elevational and partly cross-sectional.

' One way of providing the reqmred electrical contacts is to dip the segment

* 31 into a metallisation bath 32 of, for example, silver-palladium ink. As shown in Figure 3,

all the electrodes 35 extend as far as the face 37 of the segment 31, but they stop short of the
face 37"; similarly, all the electrodes 35” extend as far as the face 37", but stop short of the
face 37. Once the segment 31 has been dipped in the bath 32, removed, and allowed to dry,
a conductive cap of silver-palladium metal will embrace the face 37, thereby interconnecting
the edges of the electrodes 35 exposed at that face. As here depicted, suchaeap39’has
already been provided upon the opposite face 37°.

If o desired, the metallic caps provided in this manner can be
subsequently thickened using an electroplating procedure, for example.

Aposs:blealmauvetothepmsamofmctalupsxstheelectroless
deposition of metal onto the faces 37, 37°, usmgsputwrdeposmon,forexample.Onee
again, the metal layers thus deposited can then be thickened by means of electroplating.

Figures 4 and 5 depict electronic components according to the invention.
Both Figures are partly elevational and partly cross-sectional. I

In Figure 4, an electronic component 40 such as that prodnced in
Embodiment 3 is being surface-mounted onto a printed circuit board (PCB) comprising an
insulating substrate 42 on which conductive lands 44, 44" have been provided. The
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conductive caps 49, 49° on the component 40 can be positioned on the respective lands 44,
44’ and can be fixed thereto using a layer of solder.

Figure 5 shows an electronic component 50 with conductive caps 59, 59°.
Metal wires 54, 54’ have been attached to the respective caps 59, 59°, using a soldering
procedure, for example. The body of the component is then covered in an electrically

- insulating jacket 60, comprising polymeric resin, for example. Such a2 component 50 is

suitable for hole-mounting on a PCB.

Figure 6 shows a preferential embodiment of a gas nozzle 611 suitable for
use in'the inventive method. In the depicted cross-sectional view, the nozzle 611 comprises a
tapered internal hollow chamber 613. mschmnber613hasagasexitapenure615atone
extremity, and:spmvxdedw:thafocumglen3617aunoppomeextrennty The optical axis
6190fthelms$l7passecﬂ\roughﬂiecenueofﬂieauapemmms By virtue of the
presence of sealing means 621 (e.g. ambbero-nng),ﬂnelenmd of the chamber 613 is
gas-tight. Also depicted is a gas nlet aperture €23. |

Whmcnmngalammmdaheet&ﬁmaeeordancethhmemvenuon,me
nozzle 611 is positioned just above (i.e. wndunafewmxlhmetersot)thesheetﬁﬁ,soﬂm
the focus of the lens 617 lies-upon or within the sheet 625, When a laser beam 627 is
directed into the nozzle 611 along the axis 619, it will cut the sheet 625 at the intercept of
the axis 619 and the sheet 625. At the same time, coolant gas (e.g. air) administered via the
inletapmremwillﬂnugeasafocused(high-pressure)ljet_fromtl_waperm:eﬁls,
substantially coincident with the emergent laser beam. |
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CLAIMS: —_—

M

1. | A method of manufacturing a piuraiit_y of m'ultilaye'r_-el'eétrbnic

components, comprising the steps of:
@ Manufacturing a laminated sheet in which layers of ceramic tape are each

providec!ononesidewithapattemofelecmdes,aremhd..somatﬂw
electrode patterns on consecutive layers are offset back and forth with respect to
~ one another, and arepmsed together;
o Cutting the lammated shest into segments in whxch consecutive electrodes are
_ almately aposed at a dxfferent segment edge,
©) _ ~ Sintering the segments,
@ Providing electrical contacts wmch mtemomect the electrodes exposed at given
| segment edges,
chamaensedmthatthecumngmp(b)npﬁomedbydmcnngafwmedhurbummm
lheplaneofthelammawdsheetmdbyeffecnngrelanvemouonofthebeamwxﬂlrespectb
ﬂlesheetsoastomemebmalongaselemd cuttingpath, whereby ﬂlemtereeptofme
beamandthesheetxscooledbyaﬂowofnon-ﬂammablegas

2, ' AmeﬂlodaccordmgtoClaxml charactensedmthatﬁteemployedlaser
is a carbon dioxide (CO,) laser. | '
3 Ammodaccordmnglaxmlorz chanctensedmﬂmﬂtemwmof

thelanﬁnatedsheetliesmﬂ:emgeﬂl 30mm, andﬂmttheﬂumeeofthelaserbamat
its focus lies in the range 50-500 KW/mm?.

4, A method according to any of the Claims 1-3, characterised in that the
non-flammable gas is air, and that its flow-rate lies in the range 0.1-1.0 liters per second
(masnredatatemperamreonS‘Candapmamofl atmosphere).

5. A multilayer capacitor manufactured using a method as claimed in any of
the Claims 1-4. :
6. A multilayer piezoelectric actuator manufactured using a method as

claimed in any of the Claims 1-4.
Sheet Has Been Replaced |

T



