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DESIGN OF HIGH DENSITY STRUCTURES WITH LASER ETCH STOP

Field of the Invention

The present invention relates to multi-layer circuit packages_

having laser drilled blind vias between internal circuitization

planes for the purpose of electrical interconnection.

. Background of the Invention

In the fébricatibn of mﬁlti-layer circuit boards and cards,.it
is necessary to form passagés such as vias and through holes
from one layér of the structure to a deeéer layer. Such passages
may be formed mechanically, chemically or by using lasers of
various wavelengths to vaporize or burn away the circuit board
material. Blind vias are passages that do not pass completely
ﬁhrough a board or card. After formation of a blind via, material,
such as a metal, may be deposited on the surfacg of.the via to
provide an eleétricél, power, or ground connection between the two
layers connected to the via. .In other words, the blind vias may be
formed for plating of joining metallurgy which provides the inter-

electrical connections within the multi—léyer structure.

Lasers are commonly used to drill blind vias through the
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insulatingjpolymerie dielectfic of multi-iayer'structures to metal
lands to establiSh interplanarnelectrical interconnection. These
multi-layer et:uctures usually include multiple layers of the same
polyneric dielectric material lamineted' to both sides of the
structure; the vias may .be forned on either side. In drilling such
blind vias, it is critical to thé operability of the multi- layer.
structure that registration between the laser and the internal
metal land be achieved. Occurrence of misregistration may result
in removal of dielectfic. material 'adjaeent to the land and
continuing to the internal metal planes leading to electrical

shorts upon subsequent plating.

Complicating the successfui formatien of such blind vias and
multi-layexr structures deseribed above is the fact thet successive
dielectric layers such as the core and jeining level dielectric
layer, are often formed.of the same dielectric material. While
employing the same dielectric material provides certain processing
advantages, e.g., being able to use the same'hole-meking techniques
for both'layers, for example excimer laser drilling, it introduces
a pronlem if nﬁsxegist;ation occurs. If misregistration occurs
during drilling of blind vias to the underlying lands, this
undesirable attack of the inner, core-level dielectric mey result.
If there is significant misregistration,'thellaser drilled blind

via will not stop at the circuitization layer within the package,
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but rather} the laser will ccntinua to drill thrcugh the structure
to the underlying meﬁal layer. Misregistration can be potentially
deletérioua to the integrity of the package since it caa lead to
electrical shorts batweén joining.metallurgy ahd the power plane

upon subsequent plating.

Summary of the Invention

The present invention sclves-tﬁe broblems existing in the
prior art by providing a desigh incorporating material and methods -
for fabricating '_-high ‘density structures, eliminating
misregistrafion concerna without sacrificing the electrical and

mechanical integrity of the structure.

Accordingly, the present invention provides a multi-iayer
_ alectronic circuit.package including at least one electrically'
conductive plane, a first organic polymeric-dielectric material
having a first_optical.absorbency to an ablating wavelength of
lasef light, and a second organic polymeric dielectric material
having a aecond.optical absorbency to the ablating wavelength of
" laser 1light, the first. and second optical abaorbencies ‘being
differeni froﬁ each other. A.first layer of cne of the organic
polymeric materials overlays at least one surface of at least one

electrically conductive plane and a second layer of a different
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organic polYmeric material with a-different optical absorbency to

the material in the first layer overlays the first layer.

Brief Descrip;ioh of the Drawings
- Figure la ;epresents a cross-sectional view of a typical prior
art multi—layer card assembly for fabrication of high speed, high

density packages.

Figure 1b rep:esehts_a cross sectional view bf the multi-layer
assembly of Figure 1la inéluding additional layers of dieiectric
material.laminated onfo the structure ﬁo which a hole forming and
" subsequent plating procedure have been performed with good

alignment.

Figure 2a represents a cross sectional view of a multi-layer
structure of Figure 1la to which a hole forming and subsequent

plating procedure have been performed with poor alignment.

' Figurezzb represents a multi-layer card assembly of Figure la
incorporatiﬁg aspects of the bresent invehtipn to which a
subsequent hole forming and subsequent plating procedure have been

performed with poor alignment.
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Figuré:Ba represents a simplified cross sectional view'df one

embodiment of the present invention.

Figure 3b represents a simplified cross sectional view of one
embodiment of the present invention for whieh layer 7 and 8 are

'subsequently laminated onto both sides of a metal layer.

Figures 4a and 4b represent .photographs of 2 different
materials, which. méy be used in embodiments of the present

invention, after undergoing a hole formation process.

Figures 5a, Sb; and 5c¢ represent cross sectional scanning
electron micrographs of materials, which may be used in embodiments
of the present invention, after being subjected to a hole formation

process.

Detailed Description of Various and Preferred Embodiments

A tYpical multisleyer high density structure as seen in Figure
la may _inElude 'a metallic layer .1 surrounded by a dielectric
material applied, e.g., by lamination, to  both sides of the
metallic layer. The metal layers may. conduct electricity
thfoughout the'card'to various components attached thereto. The

dielectric also serves to insulate the various components attached
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thereto. The dielectric sérves to insﬁiate the various conductive
léyers. After formation of a w}ia (hole) in layer 2, another
metallic layer 3 may be plated through that hole in the dielectric
material. o '

Figure 1b represents._the structure of Figure_ la with
additional layers of dieleétric material 1aminat¢d'to both sides 6f
"the_original structures. -In.Figure 1b, acceptable alignment of
drilled blind vias in layer 4 and the previously fofmed hole in

layer 2 is shown.

In the.typical mu1£i¥1ayér.high'density structure as séen in
Figure 1b, thg’two dielectric layers 2 and 4 are typically formed
of thé same material. Use of the same dielectric material to form
adjé.cent lay’ei:s has | certain advantages, .e..'g., structural and
pechanical, but can cause problems whén similar hole making
fechniques ~are practiced on the assembly. The problem's are
particularly pronounced if lasers are used to form the holes.
Without very preciSe, constant‘ﬁonitoring, there is no way to know
at what poini to shut off the laser when it-approachgs the boﬁnda:y

between the two diéiedtric”layers.

Due to the fact that the layérs are formed from' the same

dielectric material, the hole forming process can result in the
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removal of material from bqth layers. In other words, if the
dielectric material is uniform.in the lead direction it may be
treated as a single ply of a single material. If misregistration
occurs, common during theldrilling of blind vias to the underlying
lands, uhdesirablé attack of the inne;,'core-lével dielectric layer

can result.

As seen.in Figure 2a,_this miéregist:ation can lead to the
removal of the layer 2. The entire area is then plated with
another layer of metal resulting in metal being deposited- in
contact with the funderlying core of metal as in the area 6
indicated by the arroﬁ in Figure 2a. The subsequent plating over
the blind via and cdntact between the metal layers can result in an

electrical short.

The ﬁresent'invention, rather than using two layers oflthe
same dieiectric polymeric material, incorporates layered dielectric
polyniers of différent .op.tic"al absorbencieé; According to the
present invention, it.is essential only that the two polymers used
have-differént.optical properties. In fact, the polymers may be
essentially:identidal in ali other physical characteristics as long
 as they'are suitable for use in the preéent invention as dielectric

components of an electronic package.
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Shown very simply in Figure 3, the present invention includes

two adjacent dielectric layers 7 and 8 with absorbencies'a(nl, A)

for the layer 7 and a(n,, A) for the layer 8,_where'r1 is the

chromosphore concentration and A is the wavelength of the incident

radiation (e.g., laser). For the b:esent invention to work, a(n,,

) «(n,, ) as seen in Figure 3b. Layer 8 may directly abut both
sides of a ﬁetal layef, with layer 7 abutting layer 8 on the
outside. A laser or other method used to form holes in the

dielectric layers impacts upon layer 7 as shown by the arrow in

- Figure 3b.

In the exemple Shoﬁn in Figure 3b, a UV excimer laser is used
to form the b%ind vias. Due to theldieleetric}s_absorbency of a
predetermined wave length of light, upon the impact of the laser
the layer 7.is ablated or vaporized by the.leser. éiven the

structure of the present invention, the depth of holes drilled in

the dielectric material may be easily and precisely controlled.

. The layer 7, being sensitive to a particular wave length of 1ight,

will be removed upon the impingement of that light on the layer.
Yet, upon removal of the layer 7 in the'area impacted on by the

laser and the exposure of the layer 8 the removal of material will

‘cease since the material formlng layer 8 is relatlvely insensitive

to that particular wavelength.
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Teble:I includes examples from.two categories'of materials
which may be used to form alternating dielecﬁric layers aCCording
to preferred aspect of the present invention when using ad.excimer
laser operating at a wavelength of 308 nm. The list is only
illustrative; eny_number Qf dielectrie meterials with different
optical absorbencies may be used according to the present
invention. Type A and Type B refer to dielectrics A and B as shown

in Figure 3b.

TABLE I

- Type A . Type B
la. 1b. PTFE filled with an

PTFE(polytetrafluorocethylene)
or FEP (fluorinated ethylene
propylene copolymer) or PFA
(polytetrafluoroethylene-

absorbing dopant such as
polyimide .

perfluorovinylether) copolymer-'

or others of a variety of
TEFLON-type polymers

.2a. PTFE filled with amorphous

silica particles

3a. PMMA
(polymethylmethacrylate)

Using materials with

properties provides differing laser/material interaction.

differing

2b. PTFE filled with a
variety of absorbing particles

2b'. PTFE filled with a
variety of absorbing and
nonabsorbing particles .

3b. PTFE filled with any of a
variety of particles and
polyimide -

non-absorbing optical

For
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instance, the core-level dielectric may be selected from a group of

materials listed. as 'Typ_e A in Table 1I. These 'materials are

.examples of materials which do not absorb and therefore cannot be

drilled at excimer laser wavelengths such as, for example, 308nm.

The materials listed as Type A in Table I are suitable for use as
the. core-level or other layers of dielectric according to the
present invention if 'excimer laser drilling is selected to form the
holes in the dielectric laid down over top of 'the layer formed over

the material of Type A.

Absorbing particles ‘which may be used with the present
invention include, among others, polymers having suitable
chromophores, g.'g.,, those with conjugated bonding, and, therefore,
absorb well in the ultravio_let. Glass particles that are non-

absorbing at 308 nm inclnde, e.g., Min-u-sil (U.S. Silica) or

equivalent.

An alternate process or method such as the utilization of a
CO, laser or a mech'a_\nical- punch or drill may then be used to form

holes in the material of Type A. The list of Type A and B

. materials is meent to be illustrative a_nd' not exhaustive; any

material having an absorbency property different to that of the
material laid over top of it may be used. It is necessarily only

for the two mate'rials to have different absorbency properties.

ie -
This Sheet Has Been Rcﬁaced




EN991-111

If the inner layer 8 a's_'se'en in Figure 3 is formed of a

material labelled Type A in Table I, the outer layer 7 may be

formed of a material listed as Type B in Table I. Such material is

ablated at excimer laser wavelengths. By using this construction,
if less than acceptable alignment occurs during excimer laser
_driiling of blind vias through layer 7} no adverse electrical

impact on the structure will result.

The result of the use of such materials having diffe:ing
absorbency properties may be seen in Figure 2b. Unlike in lf‘igdre
2a, with the two diélectric_ iayers f_prméd of a similar material, in
Figure 2b, the removallof the layer 7 does not result in the
removal of the’inner layer 8. Therefore, the electrical shorting
which can occur in the embodiment shown Figure 2b is precluded lfrom

occurring.

Preferably, the materials uéed to form the two layers,
although not similar in absorbency of similar wavelengths of light,
have similar_ mééha_ni_cal, thern_tal , chemical, el‘eétrical .and other
such properties. For exémple; PTf‘E (layer 8) and polyimide-doped
- PTFE (layer 7) .or- quartz-filled PTFE (layer 8) and polyimide-doped
quartz~filled PTFE (layer 7) and polyimide—doped_ glass-filled PTFE
- (layer 7) may be used, where coﬁcenﬁratioris of the_ dop&nt polyimide

are low enough not to effect the above mentioned properties. Such

11
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concentrations of dopant are on the order of about 5% polyimide by
weight or less. In'addition to alleviating alignment concerns
during drilling of the outer dielectric layer, the use of materials
labeled as Type A in Table I for core fabrication will fecilitate
the deletion of metal (using excime;llasere for repair of short:

circuits at the surface of the core level shown in Figure 1la.

Table II preeents the different drilling rates for the_variods
Type A and Type B materials from Table I using an excimer laser
operating at 308nm at an energy per unit area per pulse (fluence)

at the surface of the dielectric of 12 Joules per square centimeter

(J/cm?) .
TABLE II
Material ' . Drilling Rate (microns/pulse)
Type A ' '
PTFE 0
PTFE filled with silica particles <0.5
Type B . '
0.5 wt% polyimide in PTFE 5.0
5.0 wt$ polyimide in PTFE 3.5
-PTFE filled with a variety 3.0.- 4.0

of absorbing particles with or
without addition of polyimide

Figure 4a represente photographs of the dielectric 2a in Table
I, PTFE filled with silica particles, after attempting to drill

12
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through two mils of the material Qith 100 pulses using an excimer
1aser_(308nm) at a fluence of 12 J/cm?’. As can be seen from the
photograph in Figure 4a, the material has only been only slightly

ablated, i.e., very shallow holes. Figure 4b shows a sample of

material 2b in Table I, PTFE filled with a variety of absorbing

| glass particles, after being drilled with only 16 pulses. As is
evident.from Figure 4b, relatively complete and clean holes have
been formed all the way through the material. Thus, Figures 4a and
4b demonstrate how these two materials coﬁld be used in one

embodiment of the present invention.

Further evidence of the differential efféct of various wave
lengths of light on the variéus materials is shown in Figure 5a
which represents a SEM micrograph'of material 2b from Table I
driiled under nqminal excimer laser processing_conditions. Figure
5b représents a phoﬁograph of: a similarly treated sample of
lﬁateriél 3b from Table I. Figure 5¢ shows a SEM micrograph of
material 2A of Table I drilled using a CO2 laser. The photographs
in Figure 5 represént further evidence of the usefulness of the

present invention.

The present invention also includes a method of forming a
multi-layer electronic circuit package. Preferably, at least one

layer of the multi-layer electronic circuit package includes an
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electrically cohductive plane. Ovei one, two, or all surfaces of
the conductive layer is deposited a first organic, polymeric
dielectric material. The first layer may be chosen, for éxample,
from the materials listed as Type A in Table I. The first organic
polymeric méterial preférabiy'has a first absorbency to an_ablating ’

wavelength of laser light.

- After the first 1layer of dielectric is 1laid down,
circuitizétion, including lands, may be deposited on the first
layer. . Upon-the first dielectric la&er and any éircuitizatipn may
be depositéd a second layer of a second organic, polymeric
dielectric material. .The second .organic' polymeric material
preferably has_g secoﬁd optical absorbency'differeﬁt than the first
optical absorbency of the first dielectric layer at the same laSei
ablating wavelength. Using a laser, a via may be forméd through
the second die;ectric layer to the éircuitization by ablating the
ﬁaterial forming the second layer at the laser abiating wavelength.
Conductive material may then be.deposited on the surfaces of the

via.

The dielectric materials may be deposited on the conductive
layer in any ofder, depending upon the procéss used to form vias or
other passages in the various layers. Means other than a laser may

. be used to form passages through the dielectric layers, such as a

14 |
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mechanicalipunch. Further, the process is not limited to any

specific wavelengths of laser light.
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Claims
‘1. A muiti-layer electronic circuit package, comprising:
at least one electrically conductive plane;
~a first organic polymeric dielectric naterial ha&ing a first
optical absorbency to an ablating wavelength of laser light; and
a second organic polymeric dielectric material having a second
optical absorbéncy to said ablating wavelength of 1aser'1ight, said
first and second optical-absorbencies diffaring'from each other;
wherein a first laycr of one of said organic polymeric
materials overlays at least one surface of said at least one
~electrically conductive plane and a second layer of a different
organic polymeric matorial with a different optical absorbency to

the material in said first layer overlays said first layer.

2. The multi—layer electronic circuit package according to
claim 1, wherein said first organic polymeric dielectric material
is selected from the group consisting of polytetrafluoroethylene
and polytetrafluoroethylene filled with quartz particles and said
second organic polymefic dielectric material is selected from the
group conSisting of- polytetrafluoroetnylene filled Qith an
absorbing dopant, polytetfafluoroethylené filled with absorbing

particles, and polytetrafluoroethylene filled with glass particles

and polyimide. | : L —
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3. The multi-layer electronic circuit package according co
claim 2, -wherein eaid dopant is polyimide in polytetrafluoro-
ethylene, TINUVIN in polymethylhethac:ylate, or pyrene in
- polymethylmethacrylate. | | |

4. The multi-layer electronic circuit package according to
claim 2, wherein said absorbing particles are selected from the
group consisting'of polymers having suitable chromophcre groups,

e.g., conjugated bonding.

5. The multi-layer electronic circuit package according to

: cleim 2, wherein said glass particles are Selected from the group

consisting of}'siiicas) e.g., Min-U-sil (from U.S. Silica) or

equivalent.

6. The multi-layer electronlc c1rcuit package according to

cla1m 1, whereln said flrst organic polymeric dielectric material
is polytetrafluoroethylene having an opt1ca1 absorbency to an
ablating waielength of laser 1light of 10,600 nm and saiq second
organic polymeric ‘-dielectric material is _'polyimide—doped
polytetrafluoroethylene hav1ng an optical absorbency to an ablatlng

wavelength of laser light of 308 nm.

7. The multi-layer electronic circuit package according to
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claim 1, wherein a second electrieally conductive_plane at least
partially’oVerlays said second_layer of said organic polymeric

dielectric material.

8. .The multi-layer electronic circuit package according to
claim 1, wherein allayer of circuitization overlays said first
layer of organic pelymeric.dielectric material-and said sedond
layer of organic polymeric dielectric material overlays said first

layer and said circuitization layer.

9. A method of forming a multi-layer electronic circuit
package, wherein at least one layer of the multi-layer package
includes an electrically conductive plane with ~an organic,
polymeric dielectric deposited on major surfaces thereof, said
method comprising the steps of: |

a) depositing a.flrst.layer of a first Qrgenic polymeric
dielectric maferial on a majer surface of the conductive plane,
said first organic polymeric material having a first optical
absorbency to an ablating waveleﬁgth of laser light;

b) forﬁing clrcuitization, including lands, on said first
layer of organic, dielectric material; |

c) . depositing a second layer of a secendlerganic, polymeric
- dielectric material afop said circﬁitiéed first layer, said second

organic polymeric material having a second optical absorbency

18 _
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different than said first opﬁical absorbency of said first layer at'
a laser ablating wavelangth; and _

d) laser ablating a_via through aaid second 1ayer.to said
circuitization at said laser ablating waveleng;h.

10. 'The method of forming a multi-layer electronic circuit
package according to claim 9, wherein said first organic polymeric
dielectric material is selected from the group consisting of
polytetrafluoroethylene and polytetrafluoroethjrlehe filled with
silica particles and s"aid. second .organic polymeri'c diélactric
material is selected from the group consisting of polytetrafiuofd—
ethylene filled with an.absorbing dopant,'polytetraflubroethylene
filled'with absorbing particles, and polytetrafluoroethylene filled

w1th glass particles and polyimlde.

11. The method of forming a multl layer electronic circuit
package according to claim 10, wherein said dopant is polyimide in
polytetrafluoroethylene, TINUVIN in pplymethylmethacrylate, or

pyrene in poiymethylmethacrylate.

12. The method of forming a multi-layer electronic circuit
package according to claim 10, wherein sa:.d absorbing partJ.cles are-
selected from the group cons:.stmg of polymers having suitable

. chromophore groups, e.g., conjugated bonding.
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13. The‘metﬁod of ferming a-multi;layer electronic circﬁit
_package according to claim 10,'Qherein said glass particles are
selected from the group consisting.of.silicas; e.g., Min-U-sil
(U.S. Silica) or equivalent. | |

14. - The method of forming a multifleyer electronic eircuit
package according to claim 9, wherein said first oiganic-polymeric
dielectric material is-polyﬁetrafluorbethylene having an optical
absorbency to an ablating wa#elength of laser light of 10,600 nm
end said second organic.polymeric'dielectric material is polyimide- :
doped polytetrafluoroethylene hav1ng an optical absorbency to an
ablating wavelength of laser llght of 308 nm.

15. The method of forming a multi- layer electronic circuit
package according to claim 9, wherein a second electrically
" conductive plane is deposited at least partially over said second

layer of organic polYmeric dielectric material.

16. A multi-layer electroeic'circuit package, comprising}

at 1east one electrically conductive plane,

a layer of a first organic polymeric based dielectric material
overlaying at least one surface of said at’ least one electrically
conductive plane, said first dielectric material exhibiting low

optical absorbency at a laser ablating wavelength; and
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a layer of a second organic polymeric based dielectric
material overlaying said first layer, said - second polymeric

material exhibiting high optical absorbency at said wavelength.

17. The multi-layer eiectronic circuit'package according to

claim 16, wherein said first 6rganic polymeric dielectric material
is seiected'from the group'consisting of poiytetrafluoroethylehe
and polytetrafluoroethylene filled with quartz particles and said
second organic polymeric dielectric material is selected from the
group consisting of polytetrafluoroethylene filled wiph an
absofbing dopaht, polytetrafiuoroethylene filled with absorbing
particles, and polytetféfluoroethylene filled with glass particles

and polyimide.

18. The multi-layer electronic circuit package according to
claim 17, wherein said dopant is polyimide in polytetrafluoro-
ethylene, TINUVIN in polymethylméthacrylatg, or pyrene in

polymethylmethacrylate.

19. The multi-layer electronic circuit package according to

claim 17,,Qhereih said absorbing particleé are selected from the

group consisting of polymers having suitable chromophore groups,

e.g., conjugated bonding.
* This Sheet Has Been Reﬂlaced
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| 20. The multi-layer electronic circuit package according to
claim 17, wherein said glass particles are selected from the group

consisting of silicas, e.g., Min-U-sil (U.S. Silica) or equivalent.

21. The multi-layer electronic circuit package éccording to
claim.ls,'wherein said first organic pdlymeric dielectric material
is 'po_lytetrafluoroethylene | having an 'optical absorbency to an
ablating waéelength of laser light of 10,600 nm and said éecond
organic = polymeric dielectric | material is polyimide-doped

polytetrafluoroethylene having an optical absorbency to an ablating

wavelength of laser light of 308 nm.

22. The multi-layer electronic circuit package according to
claim 16, wherein a second electrically conductive plane at least
partially overlays said second layer of said organic polymeric

based dielectric material.

23. The multi—layer.electronic circuit package according to
claim 16, wherein a. layer of circuitization'overlays said first
layer of organic based polymeric dielectric material and said

second layér "of organic polymeric -based dielectric material

~ overlays said first layer and said circuitization layer.
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