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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 mt_ilti-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 o'f. 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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‘may bé forned nechanically, chemcally or by using |asers of various

wavel emrgt hs to.-vaporize or burn away the circuit board material. Blind
vias are passages that do not pass conpletely through a board or card.

After formation of a blind via, material, such as a nmetal, may be deposited
on the surface of the via to provide an electrical, power, or  ground
.conne&NB83—3dilween the two | ayers connected to the via. In other words, the
‘blind vias may be forned for plating of joining nmetallurgy which provides
the inter- electrical connections within the nulti-Ilayer structure.

insulatingjpolymeric diélectric of multi-iayer'structures to metal
lands to establiSh interplanar e1ectrica1 interconnection. These
multi-layer ét:uctures usually include multiple layers of the same
polyﬁeric dielectric material laminated' to both sides of the
structure; the vias may .be forﬁed on eithér side. In drilling such
blind vias, it is critical to the operability of the multi—layer.
structure that-registrationlbetween the laser and the inférnal
metal land be achieved. Occurrence of misregistration may result
in removal of dielectfic. material 'adja¢ent to the land and
continuing to the internal metal planes leading to electrical

shorts upon subsequent plating.

Complicating the successfu; formatibn of such'blihd vias and
multi-layexr structures deséribed above is the fact th;t successive
dieléctric layers such as the core and jéining level dielectric
layer, are often formed.of the same dielectric material. While
émploying the same dielectric material provides certain processing
advantages, e.g., being able to use the same'hole-making techniques
for both'layérs, for example excimer laser drilling, it introduces
a proﬁlem 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 méy result.
If there is significant misregistration,'thellaser drilled blind

via will not stop at the circuitization layer within the package,

' This Sheet Has Been Reﬂlaced

.




Lasers are commonly used to drill blind vias through the I nsul ati ng

pol ynerTc dielectric of nmulti-layer structures to netal |ands to establish
~Lnterplanar electrical interconnection. These nmulti-Ilayer structures
usually include nultiple |l ayers of the sanme polyneric dielectric materi al

| am nated to both sides of the structure; the vias may be formed on either

si de. ﬁﬂ?ﬂﬁ i%ing such

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
differenc 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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“Blind{Vfés, it is critical to the”operability of the multi-Ilayer structure
that registration between the laser and the internal nmetal |and be

achi eved. Occurrence of msregistration may result in renoval of
dielectric material adjacent to the land and continuing to the internal
metal _pl anes | eading to electrical shorts upon subsequent plating.

Compl gﬁﬂﬁ&lghe successful formation of such blind vias and nulti-I|ayer
structures. described above is the fact that successive dielectric |ayers
such as the core and joining level dielectric : -

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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Iayer ‘are often forned of the sane dielectric material. Wile enploylngfmﬁ"

the sare dielectric material provides certain processing advantages, e.g.
being able to use the sane hol e nmaki ng techni ques for both layers, for
exanpl e excinmer laser drilling, it introduces a problemif m sregistration
occur$§g%% f&;reglstratlon occurs during drilling of blind vias to the
under this undesirable attack of the inner, core-|eve
dietectric may result. If there is significant nisregistration, t he | aser
drilled blind viia will not- stop at the circuitization layer within the

package, pjgure 3a represents a simplified cross sectional view of one

embodiment of the present invention.

Figure 3b represents a simplified cross sectional view of one
embodiment of the present invention for whigh 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 multisléyer high density structure as seen in Figure
la may _iﬁélude '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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but rather, the laser will continue to drill through the structure to the
uhderlying netal layer. M sregistration can be potentially deleterious to
the integrity of the package since it can |lead to electrical shorts between
joining nmetallurgy and the power pl ane ‘upon subsequent pl ati ng. Summary of

the | BY§84 911

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. | '
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
adjécent layefs has. certain advantages, .e{g., structural and
pechanical, but can cause problems whén similar hole making
fechniques ~are practiced on the assembly. The p#oblems 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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The piesent'ihVénfion sol ves the probl ens existing in the prior art by
praovi ding a design incorporating naterial and nethods for fabricating

" hi gh

density  structures, elimnating m sregistration concerns

wi t hout sacrificing the electrical and nmechanical integrity of the
structure. Accordingly, the present invention provides a nulti-|ayer

el ectENAR 1

absorbency to an abl ati ng wavel ength of

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 arrow in Figure 2a. The subsequent plating over

the blind via and contact 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 all other physical characteristics as long

" as they are suitable for use in the present invention as dielectric

components of an electronic package.
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’Iésefjiight, and a second organic polyneric dielectric naterial’hé&ing a
d ‘optical  absorbency to the abl ati ng wavel ength of |aser light, the
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and second optical absorbencies being different fromeach other.
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| ayer of one of the organic polyneric materials overlays at |east one

f

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.laser. 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 light,

will be removed upon fhe impingement of ;hat light on the layer.
Yet, upon removal of the layer 7 in the area impacted on by the
laser and thefexposure df the_layer.s,_the removal of material will
‘cease since the material fofming layer 8 is reletively insensitive

to that particular wavelength.
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| ayers of dielectric nmateri al

| am nat ed onto the structure to which a hoIe form ng and

_ properties provides differing laser/material interaction.

Teble:I includes examples from.two categories'of materials

which may be used to form alternating dielectric layers aCCording

to preferred aspect of the present invention when using an excimer

laser operating at a wavelength of 308 nm.

illustrative;

The list is only

any number Qf dielectric materials with different

optical absorbencies may be used according to the present

invention.

in Figure 3b.

Type A and Type B refer to dielectrics A and B as shown

TABLE I

- Type A . Iype B
la. _ 1b. PTFE filled with an
PTFE (polytetrafluoroethylene) absorbing dopant such as
or FEP (fluorinated ethylene polyimide .
propylene copolymer) or PFA
(polytetrafluoroethylene- _
perfluorovinylether) copolymer -
or others of a variety of '
TEFLON-type polymers
.2a. PTFE filled with amorphous 2b. PTFE filled with a

silica particles

3a. PMMA
(polymethylmethacrylate)

Using materials with

differing

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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subsequent platlng procedure have been perforned mnth good allgnnent

Figure 2a represents a cross sectional view of a nmulti-layer structure of
"Figure la to which a hole form ng and subsequent pl ati ng procedure have

been perforned with poor alignnent. Figure 2b represents a multi-Ilayer card

assen%éﬁggﬁ g gure | a i ncorporating aspects of the present invention to
whi ch t ent hole form ng and subsequent plating procedure have been
performed with poor alignnent. -

instaﬂce, the core-level dielectric may bé selected from a group of
materials listed. as Type A in Table I. These materials are
.examples of materials which do not absorb and therefore cannot be
drilled at excimer. laser wa#elengths 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
inveﬁtion include,‘ auong oﬁhers,' polymers having suitable
chrombphores, 9.9., those with conjugated bondiﬁg, and, therefore,
absorb well in the ultravio;ét. Glass particles that are non-
absorbing at 308 nm-inblude, e.g., Min-u—sil'(U.S. Silica) or.

equivalent.

An alternate process of'method such as the utilization of a
CO, laser or a mechanical-punch or drili may then be used to form
holes in _the _'ma.terial of Type A. The list of Type A and B
. materials is meént to. be _illustrative a_nd not exhaustive; any
material having au absorbency property different to that of the
material laid over top of it may be used. It is necessarily only

for the two matetials to have different absorbency properties.

ie -
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F| gure 3a represents a sinplified cross sectlonal vi ew of one enbodi nent of = ~=
t'he. present invention. Figure 3b represents a sinplified cross sectional

view of one enbodi ment of the present invention for which layer 7 and 8 are
subsequently | am nat ed onto both sides of a rret al layer. Figures 4a and 4b

repreﬁﬁghgggaographs of 2 d|fferent

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 matérial is
ablated at excimer laSér 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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materi‘al s, which. may be used in enbodi ments of the present invention
after undergoing a hole formation process. Figures 5a, 5b, and 5c represent

cross sectional scanning -electron micrographs of materials, which may be

used in enbodi nents of the present invention, after being subjected to a

‘hol e formation process. Detail ed Description of Various and Preferred

Enmbodi B 5~ 1ypical nulti-layer high density structure as seen in Figure
| a may |nclude a netallic layer. 1 surrounded by a dielectric

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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mat er i

.é{wépplfed, e.g., by Iénihétion, to both sideéuof t he nétall?b

| ayer. The "netal layers nmay conduct electricity throughout the card
to various conponents attached thereto. The dielectric also serves to

insul ate the various conmponents. attached thereto. The dielectric serves
to ins

(hol e)

vari ous conductive |ayers. After formation of a via
Ehﬁbq ygﬁ another '

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 could 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 photograph of a similarly treated sample of

material 3b from Table I. Figure 5c shows a SEM micrograph of

material 2A of Table I drilled using a CO2 laser. The photographs
in Figure 5 represent 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

' ' " This Sheet Has Been R
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‘metalFic layer 3 may be plated-through that hole in the dielectric
‘fateridl . Figure |b represents the structure of Figure la with additional
layers of dielectric material lanm nated to both sides of the original
structures. In Figure Ib, acceptable alignment of drilled blind vias in
'Iayerzg Sh%$e previously fornmed hole in layer 2 is shown. In the typica
nultiEWEgX; gh density structure as seen in Figure |b, the two dielectric
| ayers 2 and 4 are typically forned :

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 ' e
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“of thé same naterlal ‘Use of the sane dielectric material to form adjacent  °

[ayers ‘has certain advantages, e.g., structural and mechanical, but can
cause probl ens when simlar hole naking techniques are practiced on the
assenbl y. The problems are particularly pronounced if |asers are used to
formith Eol . Wthout very precise, constant nonitoring, there is no way
to knﬁﬂ?g '&ﬁZt point to shut off the | aser when it approaches the boundary
between the two dielectric layers. Due to the fact that the | ayers are
formed fromthe sanme :

mechanicalipunch. Further, the process is not limited to any

specific wavelengths of laser light.

l 5 e et e e e
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dlelectrlc ‘material, the hole forn1ng process can result in the removal

of mateti al fronlboth layers. In other words, if the dielectric materi al
i's uniformin the lead direction it may be treated as a single ply of a
single material . If m sregistration occurs, comon during the drilling of

bl i nd t he underlylng | ands, undesirabl e attack of the Thmer;——————
ol

core. | saeanr | Hll!lll LT

;
Claims |
‘1. A muitiflayer 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 differént
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. ' | : '_ .
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can reéult Aé”séeh in Figure 2a, thls n1sreg|strat|on can lead to the
remgval "of the layer 2. The entire area is then plated with another | ayer

of nmetal resulting in nmetal being deposited in contae%—Mk%h—%he—undeLL¥jng
core of netal as in the area 6 indicated by the arrow ,ﬁF”i*za The

subsquﬁgﬁlph?glng over the blind via and cont act bet u yers
can re [ n electrical short. The present invent usi ng
two | ayers of the ' ' '

3. The multi-layer electronic circuit package according to
claim 2, -wherein said dopant is polyimide in polytetrafluoro-
ethylene, TINUVIN in polymethylmethacrylate, 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 chromophore groups,

e.g., conjugated bonding.

5. The multi-layer electronic circuit package according to
- claim 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

1 7 ] e —
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same diel ectric polynmeric material, incorporates |ayered dielectric
pol ynmers of different optical absorbencies. According to the present
dnvention, it is essential only that the two pol yners used-have—different—

optical properties. In fact, the polyners may be essentially jdentijcal i :
al | ohﬁgglglﬂﬁi cal characteristics as long as they are Zﬂwﬁﬂ" Eugﬂﬂgjlj“rn

the presént “imvention as dielectric conponents of an el

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 i
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fhe present |nvent|on |ncludes tmo adjacent
ectric Iayers 7 and 8 Mﬁth absorbencies a([err], [err]) for the |ayer

smreTE L
-

7

and. a(n2, A for the layer 8, where n is the chronDsphore concentration and

[err
pres
Laye
abut
hol e

L,E&;;c;g;?;ﬁ' erath of Le Ly dent vadiaton (<ol AL
r

rectly abut both sides of a netal layer, With ltaydr 2 *

ting Iayer 8 on the outside. A laser or other method used to form

s in the

different than said first optical absorbency of said first layer at'

a laser ablating wavelength; 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 diélectric
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 polymethylmethacrylate, or

pyrene in polymethylmethacrylate

12. The method of forming'a multi-layer electronic circuit

package according to claim 10, wherein sald absorbing partlcles are-

selected from the group cons;stlng of polymers having suitable

. chromophore groups, e.g., conjugated bonding.

19
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BRI T e R e e i RN L s,
pact’s upon?Fayer?7'aS'shomn by the arrow in Flgure 3b.
in t he exanple shown in Figure 3b, aUV excinmer |aser -=s—used-to Fermthe
blind vias. Due to the dielectric's absorbency of a predetermn ned wave
ength of |ight, upon the inpact of the |aser the Iaye”muﬂllmuﬂlmHm .
vaporhéﬁg Q¥ &he | aser. G ven the structure of theip t he
depth ﬁo és drilled in the dielectric material may bé easiiy"and *

_precisely controlled. The Iayer 7, being sensitive to a. particular wave
| ength of Ilight, ' _

13. The method of formlng a multi layer electronic c1rcu1t

_package according to claim 10, wherein 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 multifléyer 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 electrohic'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

20 This Sheet Has Been Rep laced
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reanaI of the layer 7 in the area inpacted on by the laser and the
exposure of the layer 8, the renoval of material will_cease since the
material formng layer 8 is relatively insensitive to that particul ar

wavel tdl Tabl e I includes exanples fromtwo ca lﬂ I al s
" 102 | 1RO D

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 polytetfafluoroethylene 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

DT

553 i - AT

B T emoved Upon the i mpingement of that |ight.on the Iayer “Yet, “upon



-—[.-g-n

preferred aspect of the present invention when using an excinmer |aser,
.operating at a wavel ength of 308 nm The list is QnLy~++%ﬂsrréf'Ve
nunber of dielectric materials with different optic

usedpRE6 PL{}

dlelectrlcs

and B as shown in Figure 3b TABLE

Type B

| 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 eccording to
claim.ls,'wherein said first organic pelymeric dielectric material
is polytetrafluoroethylene having an optical absorbency to an
ablating wavelength of laser light of 10,600 nm and said second
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 layer "of organic polymeric -based dielectric material

~ overlays said first layer and said circuitization layer.

\
|
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~mh|ch nay be used to forn1a|ternat|ng dlelectrlc Layers accordlng to

any

&g to the present invention. Type A andi‘m m‘fm‘ y be
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FE filled with an

B SEE Sl TR T FY : A ‘hx 7‘ b ‘j,"ej;}? .' .
PTFE(poiytetrafIuoroethylene) absorblng dopant such as or FEP
‘(fluorlnated et hyl ene pol yi mi de TINUVIN, or propylene copolyner) or PFA
(polytetrafluoroethylene- pyrene perfl uorovinyl ether) copolymer or

others of ‘a varlety of - TEFLON-type pol yners 2a. PTTE f|IIed wth
anor pF¥891-331 PTFE filled with a

Abstract of the_Disclosure

A multi-layer electronic circuit package including at least
one electrically conductive plane, a first organic polyﬁeric.
dielectric material having a first optical absorbency to an
ablating wavelength of laser light, and a second organic polymeric
dielectric material having a second optical absorbency to the
ablating wavelength of léser light. Thé first and second optical
absorbencies being differéht from each other. A first layer of one
of the organic polymeric matér;als overlays at least one surface of
the at least one electrically conductive plane and a second layer -
of a different organic polymeric material with a différent optical
absorbency to the material in the first layer overlays the first
layer. ‘. | | —

This Sheet Has Been Re,
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silica part icles ~variety of absorbl ng particles 2b'. PTFE
Fill ed with a variety of absorbing and nonabsorbing particles 3a. PI\/RA
"3b. PTFE filled with any of a (polynethyl net hacryl at e) variety of
- particles and pol yimi de TINWIN bei ngl #&4ubstituted hydroxyphenyl
- benzotriazole (i.e. a UV absorber). By Haw ey's Condensed Cheni cal

. | Kq. , .11'/"2
W E 7777 A
— el e ' |

FIG. 1(a)




Dicti onary llth é‘di ti bn 'publ I shed by Van Nostrand Reinhol d. Usi ng
**mat erials with differing non-absorbing optical roperties provides

di.ffering laser/material interaction. For 10 This Is the
repl acenent sheet instance, the core @l dielectric may be selected from
- a group of materlals listed as Type Ain Table I. These materials are

FIG. 2(b)

calpg ) ~—7

FI6.3(a)

l

DIELECTRIC B-ABIATABLE BY | 7
“ UV EXCIMER LASER. g

| DIELECTRIC A-NOT ABIATABLE A—8
BY UV EXCIMER LASER | |

METAL

DIELECTRIC A-NOT ABIATABLE | g
BY UV EXCIMER LASER -

DIELECTRIC B-ABIATABLE BY 7
UV EXCIMER LASER

FIG. 3(b)
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‘exanpl es of ‘materials which do not absorb and therefore cannot be dr

e

o et - S A S

at exci‘nmer | aser wavel engths such as, for exanple, 308nm The materials
-listed as Type Ain Table | are suitabl é&@r use as the core-|level or other
sent

layers of dielectric according to the invention if excimer |aser

‘drilling is selected to formthe holes in the dielectric laid down over top
~of the layer fornmed over the material of Type A Absorbing particles which

may be used with the present invention include, anong others, polyners
havi ng suitable '

FIG. 4(b)




chronophores, e:g., those with conjugated bonding, and, therefore, absorb
melt'in-the ul traviolet. d ass particles that are non- absorbing at 308
nminclude, e.g., Mn-u-sil (US. Silica) or. equivalent. An alternate
process or nethod such as the utilizatidp/@d a CO2 |aser or a nechani cal
punch or drill may then be used to. formholes in the material of Type A
The list of Type A and B materials is neant to be illustrative and not

exhaustive; any material having an absorbency property different to that of
the : ' '

F1G. 5(c)




material laid over top of it may be used. It [s.necessarily only for the
tmo materials to have different absorbency pr perREEEACEN&%m‘SHEEMF”GSG
layer 8 as seen in Figure 3 is formed of a ma} éAixdsch 1 g ea_yg%ﬁ)dEd lf
Table I, the outer layer 7 may be forned of a mmf(ﬂamq t&ﬁ%
o

Tabl e |. Such material is ablated at -edci-ver m/ﬂmwﬂy@)qu&@/‘[@gr}é
this construction, VBT Abstract : paged 3. to paged .,

DESIGN OF HIGH DENSITY STRUCTURES WITH LASER ETCH STOP

This is the replacement sheet

oy

The present invention relates to multi-layer circuit packages

' Field of the Invention

having laser drilled blind vias between internal circuitization

planes for the purpose of electrical interconnection.

Background of the Invention

In the fabrication of multi-layer circuit boards and cards, it
is necessary to form passages such as vias and through holes |
from one layer of the structure to a deeper layer. Such passages
may be formed mechanically, chemically or by using laseis of
various wavelengths to vaporize or burn away the circuit board
material. Blind vias are passages that do not pass completely
through a board org card. After formation of a blind via, material,
such as a metal, may be deposited on the surface of the via to
.provide. an electricél, 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



I f lfess than acceptabl e alignnent occurs during excinmer laser drilling of
‘blind vias through layer 7, no adverse electrical ijgpact on the structure
Will result. The result of the use of such materialldhig/thereplacenrent sheet
absor bency properties may be seen in Fi%ure 2b. Unlike in Figure 2a, with
the two dielectric |ayers formed of a=~sjm-l ar mateb'ﬂ?é:, ltm@ re 2b, the
renoval of the |ayer 7 does not result in the renoval of i hner | ayer 8.
Therefore, the electrical shorting which can occur in the enbodi ment shown
Figure 2b is precluded from '

insulating polymeric dielectric of multi-layer structures to metal
iﬁnds to establish interplanar electrical inggrconnection. These
multi-layer structures usually include multiple layers of the same -
polymeric dielectric material laminated to both sides of <the
structure; the vias may:-be formed on either side. In drilling such
blind vias, it is critical to the 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 dielectric material adjacent to the land and
continuihg to the internal metal planes leading to electrical

shorts upon subsequent plating.

Complicating the successful formation of such blind vias and
multi-layer structures described above is the fact that successive
dielectric layers such as the core and joining level dielectric
layer, are 6ften formed .of the same dielectric material. While
émploying the same dielectric material provides certain processing
advantages, e.g., being able to use the same hole making techniques
for both layers, for example excimer laser drilling, it introduces
a problem if misregistration occurs. If m;sregistration occurs
during drilling of blind vias to the underlying lands, this
undesirable attack of the inner, core-level dielectric méy result.
If there is significant misregistration, the laser drilled blind

via will not stop at the circuitization layer within the package,



occairring. Preferably, the materials used to formthe two | ayers, although
not simlar in absorbency of simlar wavel engths of Iight have simlar
mechani cal, thermal, chemical, electrical and other $ugh anQNEHWQW*“
exanpl e, PTFE (layer 8) and pol yi m de-doped PTFE (I ayer ) or quartz filled
PTFE (Il ayer 8) and pol yi m de-doped quarﬂzrfllled PTFE (I ayer, nd
pol yi m de-doped gl ass-filled PTFE (layer 7) may be ubet8: Q{ ii
concentrations of the dopant polyin de are | ow enough not t

above nentioned properties. Such

fect the

but rather, the laser will continue to drill through the structure
to the underlying metal layer. Misregistration can be potentially
deleterious to the integrity of the package since Lt can lead to'.
electrical shorts between joining metallurgy and the power plane

upon subsequent plating.

Summary of the Invention

The present invention solves the problems existing in the
prior ait by providing a design incorporating material and methods
for fabricating high 'density structures, eliminating
misrégistration concerns without sacrificing the electrical and

mechanical integrity of the structure.

Accordingly, the present inwention provides a multi-layer
electronic circuit package ‘including at least one electrically
conductive plane, a first organic polymericldielectric material
having a first optical absorbency to an ablating wavelength .of
laser light, and a second organic polymeric dielectric material
having a second optical absorbency to the ablating wavelength of
laser light, the first and second optical absorbencies being
different from each other. A first layer of one of the organic
polymeric materials overlays at least one surface of at least one

electrically conductive plane and a second layer of a different



concentrations of dopant are on the order of about 5% polyim de by wei ght

of
I

| asers for repair of short circuits at-the surface of the core | evel shown

| ess.

In addition to alleviating alignnent concerns during drilling of

the outer dielectric layer, the use of materials |laheled as Type A in Table
for core fabrication will facilitate the del etionq‘gfs'ﬁéSSImé@Fﬂ@’

Bk sheat,

in Figure |a. Déte: (S(Mﬂ

organic polymeric material with a different optical absorbency to

the material in the first layer overlays the first layer.

Brief Description of the Drawings

Figure la represents a cross-sectional view of a typical prior
art multi-layer card assembly for fabrication of high speed, high

density packages.

Figure lb represents a cross sectional view of the mult;—layer
assembly of Figure la including additional layers of dielectric
material 1aminate§ onto the structure to which a hole forming and
subsequent plating procedure ‘have been performed witﬁ good

alignment.

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

plating procedure have been performed with poor alignment.

Figure 2b represents a multi-layer card assembly of Figure la
incorporating aspects of the present invention to which a
subsequent hole forming and subsequent plating procedure have been

performed with poor alignment.



Table Il presents the different drilling rates for the various Type A and
. Type B materials from Table | using an exciner |aser operating at 308nm at
“an energy per unit area per pulse (fluence) at the surface of the

dielectric of 12 Joul es per square centineter (Thie)theTéplagenisniaheat; 5

Drilling Rate (mcrons/pulse) Type A-P§FE 0

Date: (g((oltﬂ

Figure 3a represents a simplified cross sectional view of one

embodiment of the present invention.

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

subsequently laminated onto both sides of a metal layer.

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

invention, after undergoing a hole formation process.

Figures 5a, 5b, 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 multi-layer high density structure as seen in Figure
la may include a metallic layer .l surrounded by a dielectric
material applied, e.g., by lamination, to both sides of the
metallic layer. The metal layers may conduct electricify
throughout the'card.to various components attached thereto. The

dielectric also serves to insulate the various components attached



PTRE filled with silica particles <0.5 Type B 0.5 wt % polyimde in PTFE
5.0 5.0 wt% polyimde in PTFE - 3.5 PTFE filled with a variety

3.0. - 4.0 of absorbing particles with or without add#ﬁkq ; Lyin de
Fi gure 4a represents photographs of the dielectric 2a in %é@%é&ﬁ?xéﬁWﬁgsheet
filled with silica particles, after att@npting to dril

Date: (€ ((o(q1

thereto. The dielectric serves to insulate the various conductive
layers. After formation of a via (hole) in layer 2, another
metallic layer 3 may be plated through that hole in the dielectric -

material.

Figure 1b represents the structure of Figure 1la with
additibnal layers of dielectric material laminated to both sides of
"the original structures.  In Figure 1b, acceptable alignment of
drilled blind vias in layer 4 and the previously formed hole in

layer 2 is shown.

In the typical muléi—layer high density structure as seen in

~ Figure 1lb, the two dielectric layers 2 and 4 are typically formed
of the same material. Use of the same dielectric material to form
adjacent layers has certain advantages, e.g., structural and
mechanical, but can cause problems when similar hole making
techniques afe practiced on :the assembly. The problems are
particulariy pronounced if lasers are used to form the holes.
Without very precise, constant monitoring, there is no way to know
at what point to shut off the laser when it-épproachgs the boundary

between the two diélectric layers.

Due to the fact that the layers are formed from the same

dielectric material, the hole forming process can result in the



through two mls of the material with 100 pul ses using an excinmer |aser
(308nm) at a fluence of 12 J/cn2. As can be seen fromthe ghgbﬁ%mght-'shﬂet
>Figure 4a, the material has only been only slightly Amisatscpe PPE” very
shal | ow hol es. Figure 4b shows a sanple of material 2b in Table I, PTFE

filled with a variety of absorbing gFag%s-particles, ter i1led
with only 16 pulses. As is aaat% Pﬂqut

removal of material from both 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 the drilling of blind vias to the underlying
lands, undesirable attack of the inner, core-level dielectric layer

can result.

As seen.in Figure éa, this misregistration can lead to the
removal of the layer 2. The entire area is then plated with
another layer of metal resulting in metal being depositgd- in
contact with the underlying core of metal as in the area 6
indicated by the arrow in Figure 2a. The subsequent plating over
the blind via and contact between the metal layers can result in an

electrical short.

The present invention} rather than using two layers of thg
same dieiectric polymeric material, incorporates layered dielectric
polymers of different optical absorbencies. According to the
present invention, it is essential only that the two polymers used
have different optical properties. 1In fact, tﬁe polymers may be
essentially identical in all other physical characteristics as long
as they are suitable for use in the present invention as dielectric

components of an electronic package.



evi-dent from Figure 4b, relatively conplete and cl ean hol es have been
formed all the way through the material. Thus, Figures 4a and 4b
‘denmonstrate how these two materials could be used in.one enbodi nent of. the
present invention. Further evidence of the differenfThisl isdhéaeplacemsat shag!
wave |lengths of light on the various m#efials is shown in Figure 5a which

—

represents a SEM m crograph of material 2b from TablEe | wét under
nom nal excimer |aser processing conditions. Figure r K ts a
phot ograph of a simlarly treated sanpl e of

Shown very simply in Figure 3, the present invention includes

two adjacent dielectric layers 7 and 8 with absorbencies a(n,, 1)
for ;ﬁe layer 7 and «(n,, A) for the layer 8, where n is the
chromosphore concentration and A is the wavelength of the incident
radiation (e.g., laser). For the present invention to work, a(n,,
) a(n,, ) as seén in Figure 3b. Layer 8 may directly abut both
sides of a metal layer, with layer 7 abutting layer 8 on the
outside. A laser or qﬁher method used to form holes in the
'dielectric_layers impacts upon layer 7 as shown by the arrow in

Figure 3b.

In the example shown in Figure 3b, a UV excimer laser is used
to form the blind vias. Due to the dielectric}s.absorbency of a
predetermined wave length of light, upon the impact of the laser
the layer 7 is ablated or vaporized by the laser. Given 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 éensitive to a particular.wave length of light,
will be removed upon the impingement of that light on the layer.
Yet, upon removal of the iayer 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 fofming layer 8 is relatively insensitive

to that particular wavelength.



material 3b from Table I. Figure 5c shows a SEM m crograph of naterial 2A
of Table | drilled using a C02 |aser. The photographs in Figure 5 represent
‘further evidence of the useful ness of the present invention. The present
invention also includes a nmethod of forming a nulti-layer electronic
circuit package. Preferably, at |east- @ne | ayg
el ectronic circuit package includes an

THIS SHEET HAS BEEN
REPLACED

Table 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 an excimer
laser operating at a wavelength of 308 nm. The list is only N
illustrative; any number of dielectric materials 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

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

Type B

1b. PTFE filled with an
absorbing dopant such as
polyimide

2b. PTFE filled with a
variety of absorbing particles

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

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

non-absorbing optical

For

' This Sheet Has Been Rei




el ectrically conductive plane. Over one, two, or all surfaces of the
conductive layer is deposited a first organic, polyneric dielectric
material. The first |ayer may be chosen, for exarrpl e, fromthe rrateri al s
listed as Type Ain Table I. The first organic pol rrerlc mat er

preferably has a first absorbency to ank@btating %@Prfeahcram% shegd: .
After the first layer of dielectric is laid down, circuitization,

i ncluding | ands, may be deposited on the first Date: M(Ol‘ﬂ

instance, the core-level dielectric may be selected from a group of
materials listed as Type A in Table 1I. These materials are-
examples of materials which do not absorb and therefore cannot be
drilled at excimer laser wafrelengths 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 accoxding 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, e.g., those with conjugated bondiﬁg, ‘and, therefore,
absorb well in the ultraviolet. Glass particles that are non-
absorbing at 308 nm include, 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 mechanical punch or drill may then be used to form
holes .?.n the material of Type A. The list of Type A. and B
materials is meant to be illustrative and 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 materials to have different absorbency properties.



| ayer.

Upon the first dielectric layer and any circuitization nmay be

deposited a second | ayer of a second organic, polyneric dielectric

materi al . The second organic polyneric material preferably has a
second optical absorbency different than the first optical absorbency of
the first dielectric layer at the samellaser abl ati nqhmgqheﬁqplhcemenhweﬂ

| aser,

a via may be forned through the “second dielectric | ayer to the

circuitization by ablating the nmaterial form ng the secomw533§E31?t t he

| aser abl ating wavel ength. Conductive material may tRatebe

ed on

surfaces of the

If the inner layer 8 as seen 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 lasef
drilling of blind vias throﬁgh 1ayer 7, ho adverse electrical

impact on the structure will result.

The result of the use of such materials having differing
absorbency properties may be seen in Figure 2b. Unlike in Figure

2a, with the two dielectric layers formed of a similar material, in

. Figure 2b, the removal of the layer 7 does not result in the

removal of the inner layer 8. Therefore, the electrical shorting
which can occur in the eﬁbodiment shown Figure 2b is precluded from

occurring.

Preferably, the materials used to form the two layers,
althoggh not simi;ar in_absorbency of similar wavelengths of light,
have similar mechanical, thermal, chemical, eleetrical and other
such properties. For example, PTFE (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 concentrations of the dopant polyimide

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

t he



via. The dielectric materials nmay be deposited on the conductive layer in
any order, depending upon the process used to formyvias or other passages
in the various layers. Means other than a | aser nay be used to form

passages through the dielectric |ayers, such as a hani,gal iant sheet.
Further, the process is not linited tolany Mecnaniyhgrepabsment s
Date: [ﬂ(ﬂ(‘ﬁ

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 facilitate
the deletion of metal .using excimer lasers for repair of short

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

Table II presents the different drilling rates for the various
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 wt% polyimide in PTFE
PTFE filled with a variety
of absorbing particles with or
without addition of polyimide

wwwn
oo

Figure 4a represents photographs of the dielectric 2a in Table

I, PTFE filled with silica particles, after attempting to drill



speci fic wavel engths of |aser |ight. at | east one electrically
conductive plane; a first organic polyneric dielectric material having a
first optical absorbency to an ablating wavel ength of |aser light; and a
.second organic polyneric dielectric material having a second optical .
absorbency to said ablating wavel engt-h18f -l aser 1|i Q‘ms’ iSVmeremcmbm‘ShQ@t
material dielectric material absorbs

Date: [Sl (0(q7

through two mils of the material with 100 pulses using an excimer
laser (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 effect of various wave
1eng£hs of light on the various materials is shown in Figure 5a
which represents ‘a SEM micrograph of material 2b from Table I
driiled under nominal excimer laser processing conditions. Figure
5b represents a photograph of a similarly treated sample of
material 3b from Table I. Figure 5c shows a SEM micrograph of
material 2A of Table I drilled using a CO2 laser. The photographs
in Figure 5 represent further evidence of the usefulness oﬁ 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



wavel engths of light that are not the sane as wavel engths of |ight that are
absorbed by said second dielectric material; wherein a first layer of said
first or said second organic polynmeric materials overlays at |east one
surface of said at |east one electrically conductive plane and a second

| ayer of the other of said first and sekbnd organi c pol yrrerl @nerm sheet
overldys said first |ayer. 2. The nﬂTil-Iayer el eFhisdBitl |rCU|t package
according to claiml1l, wherein said first organic polynerlc djelectric
material is selected fromthe group consisting of poh¥ ‘ thylene
and pol ytetrafl uoroethylene filled wth quartz parti aet and |d second
organic polyneric dielectric material is selected fromthe group consisting

of _po' ytgleatLyoL PR Wb flifedived §lalel" 80e2PSRED 8%, or all surfaces of

the conductive layer is deposited a first organic, polymeric
dielectric material. The first layer may be chosen, for example,
from the materials listed as Type A in Table I. The first organic
polymeric material preferably has a first absorbency to an ablating

wavelength of laser light.

After the first iayer of dielectric is laid down,
circuitizétion, including lands, may be deposited on the first
layer. U?on the first dielectric layer and any éircuitiiatipn may
be deposited a second layer of a second organic, polymeric
dielectric material. .The second organic polymeric material
preferably has a second opticél absorbency-differeﬁt than the first-
optical absorbency of the first dielectric layer at the same laser
ablating wavelength. Using a laser, a via may be formed tﬁrough
the second die}ectric layer to the circuitization by ablating the
material 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 order, depending upon the process 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



dopant, polytetrafluoroethylene filled with absorbing particles, and

pol ytetrafl uoroethylene filled with glass particles and polyim de 3.

The nul ti-| ayer electronic circuit package according to claim2, wherein
sai d dopant is polyimde in polytetrafluoroethylene, a subst i tut ed
hydr oxyphenyl  benzotriazole -in pol ysmel8y+net hacryl-gigis fife eplaceendnt sheet .

pol ynet hl ynet hacryl ate. 4. The multi=Tayer electronic circuit package
according to claim2, wherein said absorbing particles arei ? ﬁrs havi ng
sui t abl e chronophore groups. Date: YT f/

mechanical punch. Further, the process is not 1limited to any

specific wavelengths of laser light.



5. The nulti-layer electronic circuit package according to claim 2,
wherein said glass particles are silicas. 6. The nmulti-layer electronic
‘circuit package according to claim1l, wherein said first organic polyneric
dielectric material is polytetrafluoroethyl ene having an optical absorbency
to an abl ating wavel ength of laser |+ghg of 10,6006

organi ¢ polymeric dielectric material TS polyinide-do ed © AT
pol ytetrafl uoroetliyl ene having an opti cal absomiu mmr ng
wavel ength of laser light of 308 nm 7. The - oni c

circuit package according to claim 1, wherein a second

Claims

1. A multi-layer electronic circuit package, comprising:

at least one electrically conductive plane;

a first organic polymeric dielectric material having a first =
optical absorbency to an ablating wavelength of laser light; and

a second organic polymeric dielectric material having a second
optical absorbency to said ablating wavelehgth of laser light, said
first and second optical absorbencies differing from each other;

wherein a first layer of one of said organic polymeric
materials overlays at least one surface of said at lea§t one
electrically conductive plane and a second layer of a different
érganic polymeric material with a different optical absorbency to

the material in said first layer overlays said first layer.

ﬁ. The multi-layer electronic circuit package according to
claim 1, wherein said first organic polymeiic dielectric material
is selected from the grbup consisting of polytetrafluorcethylene
and polytetrafluoroethylene filled with quartz particles and said
second organic polymeric dielectric material is selected from the
group consisting of polytetrafluoroethylene filled with an
absorbing dopant, polytetrafluoroethylene filled with- absorbing
particles, and polyﬁetrafluoroethylene filled with glass particles

and polyimide.

o ‘ -
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el ectrically conductive plane at |east partially overlays said second | ayer
of said organic polyneric dielectric material. 8. The multi-I|ayer

‘el ectronic circuit package according to claim 1, wherein a | ayer of
circuitization overlays said first |layer of organic polyneric dielectric
material and said second |ayer of orga@alc-polyneric dTETEETTTC-ﬂaterlaI

overlays said first layer and said circuitizati m, ‘met hod of
forming a nulti-layer electronic circuit packa st one

| ayer of the multi-layer package includes an eléttﬁlcally con ctive plane
with an organic, polyneric dielectric deposited on major surfaces thereof,
said nethod conprising the steps of:

3. The multi-layer electronic circuit package according to
claim 2, wherein said dopant is polyimide in polytetrafluoro-
ethylene, TINUVIN in polymethylmethacrylate, ox pyrene in .

polymethylmethacrylate.

4. The multi-layer electronic circuit package according to
claim 2, wherein said absofbing_particles are selected from the
group consisting of polymérs having suitable chromophore groups,

e.g., conjugated bonding.

5. The multi-layer electronic circuit package according to
claim 2, wherein said glass particles are selected from the group
consisting of silicas, e.g., Min-U-sil (from U.S. Silica) or

equivalent.

" 6. The multi-layer electronic circuit package according to-
claim 1, wherein said first organic polymeric dielectric material
is polytetrafiuoroefhylene having an optical absorbency to an
ablating waéelength of lasef light of 10,600 nm and said second
organic polymeric dielectric material is polyimide-doped
polytetraflﬁoroethylene having an optical absorbency to an ablating

wavelength of laser light of 308 nm.

7. The multi-layer electroénic circuit'package accorxrding to

Th Sheet Has Been Rerlac




a) ° depositing a first layer of a first organic polyneric dielectric
"material on a major surface of the conductive plane, said first organic
polymeric material having a first optical absorbency to an ablating
wavel ength of |aser light; b) form ng circuitization, including |ands,
on said first |ayer of organic, dielect¥8 c materiat;—e}——-depasiting a

second | ayer of a second organic, polynerlc diele terial atop sai d
circuitized first layer, said second organic polyj "F’ m‘,’ ”m”’mw ng a
second optical absorbency

claim 1, wherein a second electrically 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 polymeric dielectric material and said second
layer of organic polymeric dielectric material overlays said first

layer and said circuitization layer.

9. A method of forming a mmiti-laye; electronic circuit
péckage, wherein at le&st oné layer of tﬁe 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 first layer of a first organic polymeric
dielectric material on a major surface of the conductive plane,
said first organic polymeric material having a first optical
absorbency to an ablating wavelength of laser light;

b) forming c;rcuitization, including ;ands, on said first
layer of oréanic, dielectric material;

¢) depositing a second layer of a second organic, polymeric
dielectric material atop said circuitized first layer, said second

organic polymeric material having uaf second optical absorbency

; This Sheet Has Been Relilaccd




different than said first optical absorbency of said first layer at a |aser
abl ati ng wavel ength; and d) | aser ablating a via through said second

| ayer to said circuitization at said |aser ablating wavel ength. 10. The
met hod of formng a nulti-layer electronic circuit package according to
claim9, wherein said first organic poltgneric.dielectric material is

sel ected fromthe group consisting of polytetrafluoroethyl ene and

pol ytetrafl uoroethylene filled with silica paktlcles and sai d second

organi ¢ polyneric dielectric material is sele r,ﬂl’q lm;'mﬁ"ﬂ m'l) consi sting

of polytetrafluoroethylene filled with an abs
pol ytetrafl uoroethylene filled with absorbi ng partlcl *

pol ytet raf f poroet Radngal! éﬁdsefwoblh%i%b@é‘ﬁéﬁéye%@@qmokyfgwfayer at
a laser ablating wavelength; and
d) laser ablating a wvia through said second layer to said

circuitization at said laser ablating wavelength.

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 polytetrafluoroethylene filled with
silica pérticles and said second organic polymeric dielectric
material is. selected from the group consisting of polytetrafluoro-
éthyiene filled with an absorbing dop;nt, polytetrafluoroethylene
filled with absorbing particles, and polytetrafluoroethylene filled

with glass particles and polyimide.

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

pyrene in polymethylmethacrylate.

12. The method of forming a multi-layer electronic circuit
package according to claim 10, wherein said absorbing particles are
selected from the group consisting of polymers having suitable

chromophore groups, e.g., conjugated bonding.

Sheet Has Been Reﬁaced
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11. © The method of forming a nulti-layer electronic circuit package

according to claim 10, wherein said dopant is polyimde in

pol ytetrafl uoroet hyl ene, a substituted hydroxyphenyl benzotriazole in

pol ynmet hyl met hacryl ate, or pyrene in polynethyl nethacrylate. 12. The

met hod of forming a nmulti-layer electro®®c-circui-t—package.according to

claim 10, wherein said absorbing particles are p0|ﬂﬁ$ﬁs havi ng sui gabl e
ele

chromophore groups. 13. The net hod of form ng El I Lumuﬁmc ronic
_ L e are

circuit package according to claim 10, wherein s
silicas. 14. The method of forming a nmulti-Iayer ctroni & circtit
package according to claim9, wherein said first organic polyneric

dielectric majri abné SmPONId &3 FSHRLAP I VhENG -NAYRI ARctronic circuit
package according to claim 10, wherein 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 multi-layer electronic circuit
package according to claim 9, wherein said first organic polymeric
dielectric material is poiytetrafluoroethylene having an optical
absorbency to an ablating wavelength of laser light of 10,600 nm.
and said second organic polymeric dielectric material is poly?mide-
doped polytetrafluoroethylene having an optical absorbency to an

ablating wavelengih of laser light 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 electronic circuit package, comprisingf

at least one electrically conductive plane;

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

optical absorbency at a laser ablating wavelength; and

heet Has Been Reﬁaoed
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optical absorbency to an abl ati ng wavel ength of | aser |ight of 10,600 nm
.and sai d second organic polyneric dielectric material is polyimde-doped
pol yt etraf |l uoroet hyl ene having an opti cal absorbency to an abl ating

wavel ength of laser light of 308 nm 15. The nethed-ef—formnd a

mul ti-layer electronic circuit packageZl -accordin \/\herel n a
second el ectrically conductive plane is dep05| ﬁ“‘\mﬁ \mﬂu |1y over
sai d second | ayer of

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 organic polymeric dielectric material
is selected from the group consisting of poiytetrafluoroethylene
and pdlytetrafluoroethylene-filled with quartz partic;es and said
second organic polymeric dielectric material is selected from the
group consisting of polytetrafluoroethylene filled with an
absorbing dopant, polytetrafluoroethylene filled with absorbing
pérticles, and polytetrafluoroethylene filled with glass particles

and polyimide.

18. The multi-layer electromnic circuit packagé according to
claim 17, wherein said dopant is polyimide in polytetrafluoro-
ethylene, TINUVIN in polymethylmethacrylate, or pyrene in

polymethylmethacrylate.

19. The multi-layer electronic circuit package according to
claim 17, wherein said absorbing particles are selected from the
group consisting of polymers having suitable chromdphore groups,

e.g., conjugated bonding. —— T
heet Has Been Re lace
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organic polyneric dielectric material. 16. A multi-layer electronic
circuit package, conprising: at |east one electrically conductive plane;

first

| ayer of a first organic polyneric based dielectric materi al

overlaying at |east one surface of said at |east one electrically
conductive plane, said first dielectri@2material—exhi-biting low.optical
absorbency at a laser ablating wavel ength; and a imcond Iaﬁer of a second

organi ¢ polyneric based dielectric material over
sai d- second polyneric materi al exhibiting-high‘o

layer,

il

wavel engt h; and

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 according to
claim 16, wherein said first organic polymeric dielectric material
is polytetrafluoroethylene having an optical absorbency to an
ablating wavelength 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. Tﬁe multi-layer electronic circuit package according to
claim 16, wherein a layer of circuitization overlays said first
layer of organic based pélymeric dielectric material and said
second layer of organic polymeric based dielectric material

overlays said first layer and said circuitization layer.

_This Sheet Has Been Replaced
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wherein said first organic polyneric based dielectric material [,Sn heat
pol yt et raf | uor oet hyl'ene havi ng an optical absorbency Thisdf ‘%?)I'%é‘??\egmem snes
wavel ength of laser light of 10,600 nmand said second organgc pol yneric
dielectric material is polyimde-doped polytetrafluorqﬁ*gﬁl dggg'ng an
optical absorbency to an ablating mavélé@grh of | aser tf%ni nm 17.°

A multi-layer electronic circuit package, conprising: a first electrically
conduct i ve plRBSICN OF HIGH,PENSHTY, STRUGTURES) WITH) MASER ETOH STOP
dielectric material overlaying at | east one surface of said first

el ectrically conductive plane, said first dielectric material exhibiting

| ow optical absorbency at a Aps©facdd!cd ivHe WRsehesdLs;

A multi-layer electronic 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 laser light, and a second organic polymeric
dielectric material having a second optical absorbency to the
ablating wavelength of laser light. The first and second optical

" absorbencies being different from each other. A first layer of one
of the organic polymeric materials overlays at least one surface of
the at least one electrically conductive plane and a second layer
of a different organic polymeric material with a different optical
absdrbency to the ﬁaterial in the first layer overlays the first

layer.

Figure 1



a second | ayer of a second organic polyneric based dielectric materi al
overlaying said first layer, said second polyneric material exhibiting high
opti cal absorbency at said wavel ength; and a second el ectrically conductive
pl ane is deposited at |east partially over said second | ayer of organic

polyneric dielectric material. 13. The nmethod of formng a nulti-|ayer
el ectronic circuit package according to claim 10, wherein said gl ass
particles are 1/4

{
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selected fromthe group consisting of silicas, e.g., Mn-Usil (US.

Silica) or equivalent. 14. The nethod of forn1ng a nultl | ayer el ectronic
circuit package according to claim9, wherein said first organic polymeric
dielectric material is polytetrafluoroethyl ene having an optical absorbency
to an abl ating wavel ength of laser light of 10,600 nm and said second
organi c polyneric dielectric naterig%/Q§ pol yi m de- doped

pol yt etrafl uoroet hyl ene having an opgtfcC&l absorbency to an abl ating

wavel ength of l|aser |ight of 308 nm
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15. 'The nethod of forming a nulti-layer electronic circuit package
according to claim9, wherein a second electrically conductive plane is
deposited at least partially over said second |ayer of organic polyneric
dielectric material. 16. A nmulti-layer electronic circuit package,
conprising' : at least one electrically conductive plane; a layer of a first
organi c polyneric based dielectric material overlaying at | east one surface

of said at |east one electrically cdddctive plane, said first dielectric
material exhibiting | ow

ol
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FIG 4(a)

FIG. 4(b)



optfcal absorbency at a | aser ablating wavel ength; and a |layer of a
second organi c polyneric based dielectric material overlaying said first

| ayer, said second polyneric material exhibiting high optical absorbency at
said wavel ength. 17. The nulti-layer electronic circuit package according
to claim 16, wherein said first organic polyneric dielectric materi al

4/4

FIG. 5(c)




organi c polyneric dlelectrlc mat eri al

—+

is sel egt

I's selected fromthe group con5|st| Lof pol ytret+ et-Ryt-efe--and
pol ytetraf | uor oet pjgdsehé mqu qug'rtz part | gté ng‘r §§§E§$}d SG

of polytetrafl uoroethyl
pol yt et r af | uor oet Paten
pol ytetraf| uor oet hyl ene

KREPM eP2gied E’oﬁ%%eét hg

IIed wi th an abs¢r ‘B@banip&&d ..... n)pqu.y.
d wi th absor bi ng pE'r iBg(s) apeged ... to paged 7.

I ed with glass par{i Bl Absteeati popageditieto papedThe

mul ti-layer electronic CIrCUIt package accordijng to claim 17,

dopant

is polyimde in polytetrafl uoro-

.léser operating at a wavelength of 308 am.
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Table I includes examples from two categories of materials
which may be used to form alternating dielectric layers according
to preferred aspect of the present invention when using an excimer

The list is only

illustrative; -any number of dielectric materials 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 Figu:e 3b.

TABLE I

Type A
la.
PTFE(polytetrafluorcethylene)
or FEP (fluorinated ethylene
propvlene copolymer) or PFA
(polytetrafluorocethylene-
perfluorovinylether) conolymeh
or others of a variety of-
TEFLON-type polymers

2a. PTTE £filled with amorphous
silica particles

3a. PMMA
(polymethylmethacrylate)

‘TINUVIN being a substituted
By Hawley’'s

(i.e. a UV absorber).

Type B
1b. PTFE filled with an

-asscrbzng dopant such as

polyimide TINUVIN, oxr’
pyrene

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

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

hydroxyphenyl benzotrlazole
Condensed Chemical

Dictionary, 11th edition published by Van Nostrand Reinhold.

Using materials with

roperties provides differing laser/material interaction.

differing

non-absorbing optical

For



th§/| ene, TINUWVIN in pol ynethyl nethacryl.ate, or pyrene in
~pol ynet hyl net hacryl ate. 19. The nulti-layer electronic circuit package
‘according to claim 17, wherein said absorbing particles are selected from

t he group consi sting of pol ymers havi ng suitabl GT‘%QVO%DM&MQ‘“@W‘? g.,

conj ugat ed bondi ng. 16
' Date: 6{ g l 1?'
C D IS:
1. A multi-layer electronic circuit package, comprising: g ”!ll“cl “|||L| I“'!l “l‘sl “ |!||

at least one electrically conductive plane;

a first organic polymeric dielectric material having a first optical absorbency to an ablating
wavelength of laser light; and '

a second organic polymeric dielectric material having a second optical absorbency to said
ablating wavelength of laser light, whereby said first material dielectric material absorbs
wavelengths of light that are not the same as wavelengths of light that are absorbed by said
second dielectric material; ' :

wherein a first layer of said first or said second organic polymeric materials overlays at least Bne
surface of said at least one electrically conductive plane and a second layer of the other
of said first and second organic polymeric materials 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 polymeric dielectric
material is selected from the group consisting of polytetrafluoroethylene filled with an absorbing
dopant, polytetrafluoroethylene filled with absorbmg particles, and polytetraﬂuoroethylene filled
with glass particles and polyimide.

3. The multi-layer electronic circuit package according to claim 2, wherein said dopant is
. polyimide in polytetrafinoroethylene, a substituted hydroxyphenyl benzotriazole = in
polymethylmethacrylate, or pyrene in polymethlymethacrylate.

4. The multi-layer electronic circuit package aécording to claim 2, wherein said absorbing
particles are polymers having suitable chromophore groups.



20. - The mul ti-|ayerelectronic citcuit package according to claim 17,

&Tices, T g Y i Eﬂﬂ!ll TR I [l o7 e vaimin ¥ Mchrobainath 3fefl

el ectronic CII’CUI'[ packege- agcordi Rg to claim 16, wherein said first

organic polyneric dielectric material is | yt etpeabl ue ? | ene havi ng an
optical absorbency to an abl ating wavel e&gf(}h of |aser of 10,600 nm

and said second organic polyneric dielectric material S
polyi m des dopephed flui ‘fé}feﬁféléé%ﬂﬁt W Fackayd 36coiding b Q8im 30 S@ﬁé}éiﬁcéfaﬂ F1488

abl atin
partlcles are silicas.

6.  The multi-layer electronic circuit package according to claim 1, wherein said first organic
polymeric dielectric material is polytetrafluoroethylene having an optical absorbency to an
ablating wavelength of laser light of 10,600 nm and said second organic polymeric dielectric
material is polyimide-doped polytetraﬂuoroeﬂxylene having an optical absorbeacy to an ablatmg
wavelength of laser light of 308 nm.

7. The ‘multi-layer electronic circuit package according to claim 1, wherein a second
-electrically 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 a layef of
circuitization overlays said first layer of orgamc polymenc dielectric material and said second
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 first layer of a first organié polymeric dielectric material on a major surface
of the conductive plane, said first organic polymeric material having a first optical absorbency
to an ablating wavelength of laser light;

- b) forming circuitization, including lands, on said first layer of organic, dielectric material;

c) depositing a second layer of a second organic, polymeric dielectric material atdp said
circuitized first layer, said second organic polymeric material having a second optical absorbency
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different than said first optical absorbency of said first layer at a laser ablating wavelength; and

d) laser ablating a via through said second layer to said circuitization at said laser ablating -
wavelength.

 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
polytetrafiuoroethylene and polytetrafiuoroethylene filled with silica particles and said second
organic polymeric dielectric material is selected from the group consisting of
polytetrafluoroethylene filled with an absorbmg dopant, polytetraﬂuoroethylene filled with
absorbing particles, and polytetraﬂuoroethylene filled with glass parucles and polyimide.

11.  The method of forming a multi-layer electronic circuit package according to claim 10,
wherein said dopant is polyimide in polytetrafluoroethylene, a substituted hydroxyphenyl
benzotriazole in polymethylmethacrylate, or pyrene in polymethylmethacrylate.

12.  The method of forming a multi-layer electronic circuit package according to claim 10,
wherein said absorbing particles are polymers having suitable chromophore groups.

13.  The method of forming a multi-layer ¢lectronic circuit package according to claim 10,
wherein said glass particles are silicas.

14. The method of forming a multi-layer electronic circuit package according to claim 9,
wherein said first organic polymeric dielectric material is polytetrafluoroethylene having an
optical absorbency to an ablating wavelength of laser light of 10,600 nm and said second organic
polymeric dielectric material is polyimide-doped polytetrafluoroethylene having an optical
absorbency to an ablating wavelength of laser light of 308 nm.

15.  The method of forming a multi-layer electronic circuit package



overlays said first layer and sai d ci rcuitization layer. This Sheet- Has
Been Repl aced oit shoet

,. l | | < ig the replacem
T

19 Date: b( 9[‘(?’

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 mulii-layer electronic circuit package, comprising:
at least one electrically conductive plane;

a first 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

a second layer of a second organic polymeric based dielectric material overlaying said first layer,
said second polymeric
material exhibiting high optical absorbency at said wavelength; and

wherein said first organic polymeric based diejectric material is polytetrafluoroethylene having
an optical absorbency to an ablating wéveléné;th of laser light of 10,600 nm and said second
organic polymeric dielectric material is polyimide-doped polytetrafluoroethylene having an
optical absorbency to an ablating wavelength of laser light of 308 nm.

17. A multi-layer electronic circuit package, comprising:

a first electrically conductive plane;

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

absorbency at a laser ablating wavelength;

a second layer of a second organic polymeric based dielectric material overlaying said first layer,
said second polymeric material exhibiting high optical absorbency at said wavelength; and

a second electrically conductive plane is deposited at least partially over said second layer of
organic polymeric dielectric material.



