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FORMATION OF A METALLIC INTERLOCKING STRUCTURE 

Backeround of the Invention 

1. Tech.nical Field 

The present invention relates to an electronic structure that includes a metallic 

interlocking structure for bonding a metallic plating lo metal surface, and to a method of forming 

the electronic structure. 

'.2. Related Art 

In plating copper onto a microvia in the fonn of a blind via, electro less plating of copper 

is typically used .to coat the sidewalls and the metallic bottom surface of the blind via to provide 

electric.al commoning for subsequc~t copper electroplating on the electroless coat of copper. 

Reliability of a copper-plated blind via depends on an adhesive bond between the plated copper 

and the metallic bottom surface of the blind via. If the adhesive bond is weak, the copper plating 

may separate from lhe bottom metallic surface during periods of thermal stress testing or during 

sustained operalion in the field. Similar reliability concerns exist for otller geometries, such as 

-~ ... 
Thus a method is needed to provide a strong bond between plated copper and a metallic 

surface onto which the copper is plated. 

Summary of the Invention 
111 ifli~1r 

The present iuv<:ntion provides a method for fanning a structure, comprising the steps of: 
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providing a substrate having a metallic sheet interior to a dielectric ~ayer, said metallic 

sheet including a metal; 

laser drilling a blind opening through the dielectric layer and partially throu&_h the 

metalli<~ sheet, sa~c:t laser drilling creating a metallic protrusion ~at is integral with a portion of 

the metallic sheet, said metallic protrusion having metallic strands such that each metallic strand 

includes the metal and at least one constituent element from the dielectric layer, and 

etching a portion of the metallic protrusion t~: fopn a metallic interlocking structure that 

is integral with the portion of the metallic sheet and projects into the blind opening. 

The present invention provides a structure, comprising: 

a substrate having a metallic sheet interior to a dielectric layer, said metallic sheet including a 

metal; 

a blind opening through the dielectric layer and partially through the metallic sheet; 

a metallic interlocking structure coupled to a blind surface of the blind opening and 

projecting into the blind opening, wherein the metallic interlocking structure is integral with a 

portion of the metallic sheet, wherein the metallic interlocking struct.ure includes metallic fibers, 

and wherein each metallic fiber has a curved geometry and has its own unique composition that 

includes material selected from the group consisting of the metal, at least one constituent element 

of the dielectric layer, and combinations thereof 

The present invention has the advantage of provide a strong bond between a metallic 

plating, such as plated copper, and a metal surface which receives the metallic plating, so as to 

significantly improve the reliability of the plating bond. 

The present inv_ention has the advantage of providing a plating bond that is strong enough 
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to allows metal surfaces to be plated even if such metal surfaces are difficult or impossible to be 

plated without the present invention. 

The present invention has the advantage of forming a relia!lle plating in a variety of 

geome~es. including a plated blind via and a plated channel. 

Brief Description of the Drawings 

FIG. 1 depicts a ·front cross-sectional view oh ~ubstrate having a metallic sheet int~rior 

to a dielectric layer. in accordance with preferred embodiments of the present invention. 

FIG. 2 depicts FIG. 1 after laser light has drilled into the dielectric layer and through a 

top portion of the metallic sheet to form, within the substrate, a blind opening and a metallic 

protrusion coupled to a portion ofa blind surface of the.blind opening. 

FIG. 3 depicts FIG. 2 after the metallic protrusion has been etched to form a metallic 

interlocking structure. 

FIG. 4 depicts a top view of the substrate of FIG. 2, wherein the blind opening includes a 

blind via. 

FIG. 5 depicts FIG. 4 after a metallic interlocking structure has been generated in the 

blind via. 

FIGS. 6A, SB, 6C, and 6D depict the metallic interlocking structure of FIG. 4 as actUally 

reduced to practice. 

FlG. 7 depicts a top view of the substrate of FIG. 2, wherein the blind opening includes a 

blind channel. 

FIG. 8 depicts FIG. 6 after a metallic interlocking structure has been generated in the 
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blind channel. 

FIG. 9 depicts a top view of the substrate of FIG. 2, wherein the blind opening includes a 

blind pathway, and a metallic interlocking structure has been generated in the.blind pathway. 

~IG. 10 depicts FIG. 3 with a metallic plating covering sidewalls, a blind surface of the 

blind opening, and the metallic interlocking structure. 

FIG. 11 depicts FIG. 10 with the metallic plating fill.~g the blind qpening to form a 

metallic plug. 

FIG. 12 depict~ FIG. 11 with removal of dielectric layer material circumscribing the 

metallic plug. 

Detailed Description of the Invention 

FIG. 1 illustrates a front cross~sectional view of a substrate l 0 having a metallic sheet 14 

interior to a dielectric layer 12, in accordance with preferred embodiments of the present 

invention. The metallic sheet 14 i~cludes a metal capable of being plated with a metallic plating 

material. The metallic sheet 14 preferably includes copper, but may alternatively include other 

etchable metals such as copper alloys, brass, bronze, and palladium. The dielectric layer 12 

preferably includes an organic dielectric material such as, inter alia, an allylatcd polyphenylene 

. ether resin having a silica filler. Other dielectric materials that could be utilized in the dielectric 

layer 12 include polyimide, epoxy, and silica-filled teflon dielectric material. 

FIG. 2 depicts fiG. l after a beam oflaser light 21 and a beam oflascr light 22, bolh 

from a laser source 20, have ablated a portion of the dielectric layer 12 and a top portion of the 

metallic sheet 14, to fonu a blind opening 24 within the substrate 10. A blind opening is a, 
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openi:ng that does not penetrate the entire thickness of the substrate 10 and thus includes a 

bottom surface, called a "blind surface," at the bottom of the opening. The blind opening 24 has 

sidewalls 25. The laser light 21 and the laser light 22 may represent the same la~er beam at 

differen~ instances oftim~, as explained infra in conjunction wi~ FIGS. 4 and 5. Alternatively, 

the laser light 21 and the laser light 22 may represent different laser beams synchronized in time, 

as explained infra in conjunction with FIGS. 7 and 8. The laser b·~ams 21 and 22 interact with 

the material to be ablated ("target material") at circu~ ~itci in the target material ("ta~get 

circles"). The target circles have a diameter, called a «target diameter," of magnitude D. 

Preferably, the laser ablation of the target material is accomplished by laser trepanning, which 

includes seqv.entially positioning the target circles oflaser beam 21 (or 22) on overlapping 

portions of the target material, such that a displacement etarget displacement:") between centers 

of target circles of successive pulses is less than a target diameter. Alternatively, the target 

displacement may exceed the target diameter, which enables the present invention to be 

implemented without using laser lTepanning. See FIG. 3A and col. 5, lines 31-42 of United 

States Patent S,593,606 (Owen et al., 1997, hereby incorporated by reference) .for a discussion of 

laser trepanning. FIGS. 4 and 7, described infra, will illustrate laser treparming in conjunction 

with the present invention. 

The physical characteristics of the laser light 21 and the laser light 22 include: a 

wavelength preferably between about 260 nanometers (nm} and about 540 nm, an average power 

preferably between about .01 millijoules/pulse and about .10 millijoules/pulse, a temporal pulse 

width preferably between about 10 nanosec and about 1 SO nanosec, and a pulse rc,-petition rate 

preferably between about 4 kilohettz (kHz) and about 20 kHz. The target displacement is 
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preferably between about 1 micron and about 25 microns. 

The intensity of the laser light is generally inhomogeneous across the target circle with 

the highest intensity at the cente~ of the target circle and decreasing monotonica.Jly ~th distance 

from th~ center of the target circle along a target diameter. Th~ spatial shape of the laser' 

intensity across a target diameter piay be approximately gaussian. The shape of a blind surface 

32 'generated by the laser beams 21 and 22 re.fleets the spati:~.l shape of the laser intensity, giving 

rise to two troughs: one ·under the laser beam :21 and ihe. ether under the laser beam 2i. Thus, the 

points 33 and 34 on the blind surface 32 of deepest laser penetration in the direction 17 are at 

about the lateral center of the troughs and about at the center of the target circles of the laser 

beams 21and22, respectively. 

FIG. 2 shows the blind surface 32 ~ being formed at the metallic sheet 14 after the laser 

beams 1.1 and 22 have removed material from the dielectric layer 12 located above the blind 

surface 32. Each cycle of the laser beams 21 and 22 removes a thickness in the direction 17 of 

material from the dielectric layer 1 ~- For example, if a laser emits beams that trace a circular 

path, then each such circular tracing is one complete cycle. Thus, several laser cycles (e.g .• 4 or 

5 cycles) may be required before the laser beams 21 and 22 remove enough dielectric material 

from the dielectric layer 12 to gain access to the metallic sheet 14. During the first cycle in 

which the laser beams 21 and 22 ablate the metallic sheet 14, the laser b~ms 21 and 22 will -~lso 

ablate a rema~ning por:tion of the dielectric layer 12 located above the blind surface 32, resulting 

in a metallic protrusion 30 between 1he troughs. The metallic prolmsion 30 projects upward in a 

.. ·-· ..... 

direction opposite lo the direction 17, and includes curved (or curled) metallic strands 31 within a 

metal casing 38, wherein the metal casing 38 includes the metal of the metallic sheet 14. 
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Defining the ablation threshold of a material as the minimum laser energy intensity capable of· 

ablating. the material, it is noted that the ablation threshold of the metallic sheet 14 is above the 

ablation threshold of the dielectric layer 12. Accordingly, the laser energy intensity profiles of 

the lase~ beams 21 and 22 are adjusted so as to: ablate the dielectric layer 12, ablate the trough 

portions of the metallic sheet 14. which are centered about the points 33 and 34, ~d reflow (i.e., 

liquify, but not ablate) metal of the portion of the metallic s~eet 14 between the troughs (i.e., 

where the metallic protrusion 30 is formed). Some of the reflowed metal (e.g., refiowed. copper) 

~olidifies to form the metal casing 38 (e.g., a copper casing) within the metallic protrusion 30. 

The extremely high local temperature resulting from the laser ablation (e.g., as high as about 

30,000 °K) is thought to vaporize all ~r some of the constitue~ts (e.g., carbon, silicon) of the 

dielectric layer 12. Some of the reflowed metal (e.g, copper) combines mechanically and 

adhesively with at l_east one constituent element from the ablated dielectric layer 12 (e.g., carbon, 

silicon), to fom1·the metallic strands 31. 

The "curved" metallic strands 31 generally include geometric shapes having non-zero 

curvature, but also include the special case of zero curvature corresponding to straight strands. 

Each metallic strand has a composition that is generally nonunifonn and includes both the metal 

(e.g., copper) and at least one dielectric region 12 element (e.g., carbon, silicon). The metal (e.g., 

copper) in a metallic strand 31 originates from the rcflowed portion of the metallic sheet 14,' 

while the dielectric region 12 elements (e.g., carbon, silicon) in a metallic strand 31 result from 

condensation on the liquefied metal (e.g., liquefied copper) of gaseous elements (e.g., carbon, 

silicon) of the ablated dielectric layer 12. The metallic protrusion 30 comprises the metallic 

strands 31 in the metal casing 38. The metallic protrusion 30 is integral with a portion of the 
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metallic sheet 14 that is under (i.e., below) the metallic protrusion 30. 

A film 26 of dielectric debris (e.g., carbon) may form on the blind surface 32. Any 

method !mown to one of ordinary skill in the art, such as a standard chemical hole cteaning of . 

carbon8:ce~us m~~er, may be used to remove the fihn 26. After any such film. 26 is removed, the 

blind surface 32 remains as clean and smooth, and thus in good condition for being etched. 

FIG. 3 illustrates FIG. 2 after the fi.ln1 26 has been rc;moved and an etchant has applied to 

both the blind surface 32 and the metallic protrusion30, to prepare the blind surface 3.2 and the 

metallic protrusion 30 for subsequent metallic plating. Due to the etchant, the blind surface 32 in 

FIG. 2 is shown in FIG. 3 as the blind surface 36 in microetched (i.e., roughened) form, which 

improves the ability of subsequent metallic plating to adhere to the blind surface 36. The etchant 

etches the metallic protrusion 30 at an etch rate that varies spatially in accordance with a local 

composition of the metallic protrusion 30. In particular, the metal (e.g., copper) etches faster 

than the metallic strands 31, and each the metallic strands 31 may etch at a different rate because 

of the etch sensitivity of the dielectric constituents (e.g., carbon and silicon) to the etchant. The 

etch rate is also dependent on the spatial distribution of material within each metallic strand 31 

insofar as the spatial distribution differentially exposes different amounts of surface area of the 

materials in each metallic strand 31 to the etchant. The differential etching of the metallic 

protrusion 30 transforms the metallic protrusion 30 into a metallic interlocking structure 40 

comprising a labyrinth of curved (or curled) metallic fibers 41 in a background void 42. The 

"curved" metallic fibers 41 generally include geometric shapes having non-zero cun·ature, but 

·also include the special case ofz.ero cu1vature corresponding to straight fibers. The background 

void 42 results from et<:hing of the metal and partial e1ching of the metallic strands 31.. The 
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curved metallic fibers 41 result from the partial etching of the remaining metallic strands 31. 

The metallic fibers 41 of the metallic interlocking structure 40 are derived from the metallic 

strands 31. Each metallic fiber 41 includes metal (e.g., copper) .from the metallic sh~et 14, at 

least o~e constitu,~t element (e.g., carbon, silicon) of the dielectric layer 12, or combinations 

thereof. The etchant that should be used to transfotm the metallic protrusion 30 into the metallic 

interlocking structure 40 depends on the material compositi9n of the metal casing 38 and of the 

metallic protrusion 30. Given the particular material".coµipositions involved, one of o~dinary 

skill in the art may, without ~due experimentation, choose an etchant th~t differentially etches 

portions of the metallic protrusion 30; by utilizing etchants lmown to etch the given materials, 

and easily testing the choice of etchant by examining the metallic interlocking structure 40 

generated by the chosen etchant .. The metallic interlocking structure 40 is not part of blind 

surface 36, but is coupled to the blind surface 36 such that the metallic interlocking strocture 40 

projects into the blind opening 24. The metallic interlocking structure 40 is integral \Vith the 

portion of the metallic sheet 14 that is under (i.e., below) the metallic interlocking structure 40. 

FIG. 4 illustrates a top view of the substrate of FIG. 2, ·wherein the blind opening 24 of 

FIG. 2 is represented in FIG. 4 as a blind via 37 having a substantially circular cross section that 

includes: a substantially circular boundaiy 39, a radius R, and a radial center 43. The cfrcular 

_ boundary 39 corresponds to the sidewalls 25 of the blind opening 24 in FIG. 2. The laser drilling 

is within an outer ring of the substantially circular cross section: said outer ring between an inner 

circle 29 and the substantially circular boundary 39. FIG. 4 illustrates laser trepanning with 

overlapping target circles denoting laser interaction with both the metallic sheet 14 and the 

dielectric layer 12 (not shown) above the metallic sheet 14 at successive time intervals. For 
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example, the target circle 44 (with radial center 45) o~erlaps the target circle 46 (with radial 

center 47). FIG. 4 illustrates an embodiment in which the laser beams 21 and 22 of FIG. 2 

represent the .same laser beam at different instances of time, by respectively co~esponding to the 

target circle 46 (with radial center 47) and target circle 56 (witP. radial center 57) of FIG 4. In 
. . 

FIG. 4, the target diameter D is between about 20% of Rand about 1-50% ofR. A value as high 

as about 150% for D is permitted, because, as stated supra, _the laser light has its highest intensity 

at the center of the target circle and its intensity is rel~tiyely small at large distances from the 

center of the target circle (e.g., at distances of nearly 150% ofR from the center of the target 

circle). Letting L represent the target displacement (i.e., the linear distance bet\veen successive 

pulses or target circles, such as bem1een the radial center 45 and the radial center 47), the laser 

trepanning requires that L < D. It is within the scope of the present invention, however, to have 

non-trepanning laser drilling of the blind opening 24 characterized by non-overlapping target 

circles such that L ~ D. Note that Lis preferably between about l micron and about 25 microns. 

FIG. 5 illustrates FIG. 4 after the metallic interlocking structure 40 has been generated 

within the blind via 37. The blind via in F~G. 5 includes: a region 48 traversed by the targei 

circles shown in FIG. 4, and the metallic interlocking structure 40 having an outer boundary 49 

that bounds the curved metallic fibers 41 in the background void 42. The metallic interlocking 

structure 40 was formed by etching as described supra in conjunction with FIG. 3. 

The present invention has been successfully reduced to practice for fanning a blind via 

analogous to the blind via 37 in FIGS. 4 and 5, by using a metallic sheet 14 that includes copper. 

along with a dielectric layer 12 that includes an allylated polyphenylene ether resin {with a silica 

filler) made by the Asahi Chemical Company of Japan and identified as Asahi product number 
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PCS 103. The resulting metallic strands 31, as well as the metallic fibers 41, included copper, 

carbon," and silicon, with significantly more carbon than silicon. The etchant sodium persulphate 

was used to transform the metallic protrusion 30 into 1he metallic interlocking structure 4~. 

FIGS. 6A, 6B, 6C, and 6D illustrate the resultant meta}lic interlocking structure 4o at the . .. . 

middle portion of the bottom of a blind via formed in accordance :with the above-described 

reduction to practice. FIGS. 6A, 6B, 6C, and 6D represent 500, 750, 1000, and 3000 

magnification factors, respectively, and are otherwise t~e same. The metallic fibers 41 within the 

metallic interlocking structure 40 appear in FIG. 6D as curved within the background void 42, 

and the metallic interlocking structure 40 appears as a labyrinth mechanical structure in FIG. 6D. 

Examination of actually generated metallic fibers 41 of the reduced-to-practice representations in 

FIG. 6D reveals the metaHic fibers 41 as comprising nonuniform distribution of copper and 

carbon, together with smaller amounts of silicon. The metallic fibers 41 have linear cross section 

dimensions between about 5 microns and about 10 microns. 

FIG. 7 illustrates a top view of the substrate of FIG. 2, wherein the blind opening 24 is 

represented in FIG. 7 as a blind channel 60 between channel boundaries 59 in the length 

direction 58. A "blind channel" is a channel in the substrate 10 that bas a bottom blind surface 

within the substrate 10. The blind channel 60, of width W, has a centerline 63 that separates two 

•C 

laser paths 61 and 62. The channel boundaries 59 corresponds to the sidewalls 25 of the blind 

opening 24 in FIG. 2. FIG. 7 illustrates laser trepan:n.ing in each laser path 61and62, with each 

laser path 61 and 62 having. overlapping target circles representing laser interaction with both the 

metaUic sheet 14 and the dielectric layer 12 above the metallic sheet 14 (not shown in FIG. 7). 

In laser path 61, for exa111ple, a target circle 64 (with radial center 65) overlaps a target circle 66 
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(with radial center 67). In laser path 62, as-another example, a target circle 74 (with radial center 

75) ovedaps a target circle 76 (with radial center 77). FIG. 1 illustrates an embodiment in which 

the laser beams 21 and 22 of FIG. 2 represent differentlaser beams synchroniz~ in_time; i.e. $e 

laser ~ing of the different laser beams 21 and :n along,the laser paths 61_and62, respectively. 

is at the same position (or coordinate) along the length dire9tion 58 at a given instant of time. In 

FIG. 7, the target diameter Dis bet\veen about 10% and about 50% of W. Letting L represent the 

target displacement (i.e., the linear distance between'.~h~ radial center 6s and the radiai center 67, 

or between the radial center 75 and the radial center 71), the lasertrepanning requires that L < D. 

It is within the scope of the present invention, however, to have non-trepanning laser drilling of 

the blind channel 60 characterized by non-overlapping target circles such that L ~ D. Note that a 

traversal of the laser be~ 21 and 22 across the entire length (i.e., in the direction 58) of the 

channel is called a."trayersal cycle." Multiple traversal cycles over the same laser paths 61 and 

62 may be necessary to achieve the ~esired. depth of the channel. 

FIG. 8 illustrates FIG. 7 after the metallic interlocking structure 40 has beeri generated 

within the blind channel 60. The blind channel 60 in FIG. 8 includes: a region 68 traversed by 

the target circles shown in FIG. 7, and the metallic interlocking strucrure 40 having an outer 

boundary 69 that bounds the curved metallic fibers 41 in the background void 42. The metallic 

interlocking slmcture 40 was formed by etching as described supra in conjunction with FlG. 3. 

FIG. 9 illustrates a top view of the substrate of FIG. 2, wherein the blind openin.g 24 is 

represented in FIG. 9 as a blind .pathway 80 between boundaries 79. The blind channel 80 of 

FIG. 9 differs from lhe blind channel 60 of FIG. 8 in that the blind pathway 80 of FIG. 9 changes 

direction, while the blind channel 60 of FIG. 8 is orient.cd in the same direction SS. Aside from 

·..=: 
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the aforementioned directional orientation, all of the considerations discussed supra in 

conjunction with FIGS. 7 and 8 for the blind channel 60 apply likewise to the blind pathway 80. 

It is to be noted that a blind opening 24 (see FIGS. 2 and 3) of any geometry_ or topology 

is witbi? the scope of the present invention, provided that the two laser beams 21 and 22 are 

utilized to form a metallic protrusion 30, or multiple metallic protrusions, between the troughs of 

the laser beams 21and22. For a blind opening 24 having a.large cross section (i.e., a large 

length and large width normal to the depth direction)~. multiple traversals OYer different spatial 

paths may be necessary to form a sufficient number of meta11ic protrusions 30 to adequately 

cover the surface of the cross section. 

FIG. 10 illustrates FIG. 3 with a plated layer 28 of a conductive metal, sai4 plated layer 

28 covering and fiJling the metallic interlocking structure 40, covering the blind surface 36, and 

covering the sidewalls 25 of the blind opening 24. The plated layer 28 may be fo1med by any 

method known to one of ordinary skill in the art. For example, after the sidewalls 25 are covered 

with a seeding material such as palladium, a first conductive layer 81 comprising a conductive 

metal may be electrolessJ.y plated on a portion of the metallic interlocking structure 40, the·blind 

surface 36, and the sidewalls 25. Then a second c011ductive layer ~2 may be cleclroplated on the 

first conductive layer 81, as well as on and within the metallic interlocking strncture 40, wherein 

the second conductive layer 82 includes the conductive metal. The plated layer 28 includes both 

the first conductive layer 81 and the second conductive layer 82. The blind opening 24, together 

with the plated layer 28 thereon, is called a 'plated blind opening." Thus, the blind opening 24 

may include a plated blind via having a substantially circular cross section. The metallic 

interlocking structure 40 interlocks very strongly \•.rith the plated layer 28. Indeed, the plating 
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bond re5ulting from the metallic interlocking structure 40 is strong enough to allow metal 

surface$ to be plated even if such metal surfaces were to include a metal that would be difficult 

or impossibie to plate without the metallic interlocking· structure 40. Thus, the plating bond 

resul~g from ~e metallic interlocking structure 40 is highly r~liable with respect to, inter <ilia, 

thermal cycling~ moisture absoxpti?n, and extended long-t~rm operation. 

FIG. 11 depicts FIG. 10 with the plated layer 28 fill~ng the blind opening 24 to fom1 a 

metallic plug 84. For the example of FIG. 10, the m~al~ic-plug 84 includes the first conductive 

layer Sl and the second conductive layer 82, wherein the second conductive layer 82 fills the 

blind opening 24 to about the level of the top surface 13 of the dielectric layer 12. The metallic 

plug 84 may include conductive wiring or a conductive circuit line, for any putpose. 

FIG. 1~ depicts FIG. 11 with removal of a height (or depth) Hof dielectric layer 12 

material that circumscribes the sidewalls 85 of the metallic plug 84, resulting in exposing the 

sidewalls 85. As a result, the metallic plug 84 has an exposed height H. Generally, H ~ 0. H =O 

corresponds to FIG. 11., wherein the metallic plug 84 fills to about the top surface'13 of the 

dielectric layer 12. The removal of dielectric layer 12 material may be by any method known to 

one of ordinary skill in the art, such as by laser ablation or by chemical etching. The metallic 

plug 84 with the exposed sidewalls 85 may consti.tute conductive wiring or circuitry for any 

purpose, and may serve as a conductive pad for being conductively coupled to au electronic' 

device. For example, the semiconductor chip 90 in FIG. 12 may be solderably and conductively 

coupled to the metallic plug 84 by use of a conductive contact 92. The conducrive contacl 92 

may be, inter alio, a Controlled Collapse Chip Connection (C4) solder ball solderably interfaced 

with the metallic plug 84 by use of re flowed solder 94. The semiconductor chip 90 may 
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alternatively be conductively coupled to the metallic plug 84 in the configuration of FIG. 11, or 

to the piated iayer 28 in FIG. 10. 
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Claims 

1. A method for forming an electronic structure, comp?sing the steps of: 

providing a SlJ:bstrate having a metallic sheet interior to a dielectric layer, said metallic 

sheet including a metal; 

~ 

laser drilling a blind opening through the dielect:rlc layer and partially through the 

metallic sheet, said laser drilling creating a metallic protrusion that is integral with a portion of 

the metallic sheet, said metallic protrusi~::m having merallic strands such that each metallic strand 

includes the metal and at least one constituent element from the dielectric layer; and 

etching a portion of the metallic protrusion to form a metallic interlocking structure that 

is integral with the portion of the metallic sheet and projects into the blind opening. 

2. The method of claim l, wherein the metal includes copper, and wherein the a~ least one 

constituent element includes carbon. 

3. The method of claim 2, wherein the least one constiwent element further includes silicon. 

4. The method of claim 1, wherein the metal includes copper, wherein the dielectric layer 

incltldes au allylalcd polyphenylene ether, and wherein the at least one constituent element 

includes carbon. 
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5. The method ofclaim-1, wherein.the etching is.at an etch rate that varies spatially in accordance 

with a iocai composition within the me~allic protrusion, wherein the resulting metallic 

interlocking structure includes discrete metallic fibel.'S having a curved geometry, wherein each 

metallic fiber has its own.unique composition that includes material selected from the group 

consisting of the metal, the at least one constituent element of the dielectric layer, and 

combinations thereof. 

6. The method of claim 1, further comprising fomtlng a plated layer of a conductive metal on the 

blind opening by a process comprising: 

forming a first conductive layer on a blind surface of the blind opening, on a portion of 

the metallic interlocking structure, and on· a portion of .sidewalls. of the blind· opening, wherein 

the first conductive layer includes the conductive metal; and 

forming a second conductive layer on the first conductive layer, including on and with.in 

the metallic interlocking structure, whernin the second conductive layer includes the conductive · 

metal. 
__ .,. 

7. The method of claim 6, wherein the conductive metal includes the metal. 

8. The method of claim 6, wherein the plated layer do~s not fill the blind opening. 

9. The method of claim 8, wherein the plated blind opening includes a platCd blind via having; 

substantially circular cross section. 



.. 

\ \11\11\ \\\I\\ 111\l:\\lll l\ \II\ 
* c L M S * 18 

10. The method of claim 6, wherein the plated layer fills the blind opening and foqns a 

conductive plug. 

11. The method. of claim lO, wherein the blind opening includes a blind channel su~h that the 

conductive plug includes a conductive circuit line. 

12. The method of claim 1 O, further comprising remo~~g a portion of the dielectric layer that 

circumscribes sidewalls of the conductive plug. such that said sidewalls of the conductive plug 

are exposed. 

13. Tue method of claim 12, wherein the removing is selected from the group consisting of 

chemical etching and laser ablating. 

14. The method of claim 6, further comprising conductively coupling an electronic device to the 

conductive metal. 

1 S. The method of cl.aim 14, wherein the electi:-onic device includes a semiconductor chip. 

16. The m.ethod of claim 1, wherein the laser drilling includes outputting laser light having: 

a wavelength between about 260 nm and about 540 nm; 

an average power ofhetween about .01 millijoules/pulse and about .10 millijoules/pulse; 

a temporal pulse width between about l 0 nanosec and about 150 nanosec; and 
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a pulse repetition rate between about 4 kHz and about 20 kHz. 

17. The method of claim 16, wherein the blind opening includes a blind via having a 

substantially circular cross section, and wherein the laser drilling is within an outer ring of the 

circular cross section with a laser pulse target circle having a target diameter between about 20% 

and about 150% of a radius of the circular cross section, and a displacement between successive 

pulses between about 1 micron and about 25 micro~. 

18. The method of claim 16, wherein the blind .opening includes a blind channel that has a 

centerline separating a first laser path from a second laser path, wherein the laser drilling 

includes: 

laser drilling along the first laser path with a laser pulse target circle having a target 

diameter between about 10% and about 50% of a blind channel width; and 

laser drilling along the second laser path with a laser pulse target circle having a target 

diameter. between about 10% and about 50% of the blind channel width. 
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19. An electronic structure, comprising: 

a substrate having a metallic sheet interior to a dielectric layer, said metallic sheet 

including a metal; 

a blind opening through the dieleetric layer and partially through the metallic sheet; 

a metallic interlocking structure coupled to a blind surface of the blind opening and 

projecting into the blind opening, wherein the metallic interiocking structure: is integral with a 

portion of the metallic sheet, wherein the metallic interlc;>cking structure includes metallic fibers, 

and wherein each metallic fiber has a curved geometry and has its own unique composition that 

includes material selected from the group consisting of the metal, at least one constituent element 

of the dielectric layer, and combinations thereo£ 

20. The electronic structure of claim 19, wherein the metal includes copper, and wherein the at 

least one constituent element includes carbon. · 

2 l. The electronic structure of claim 20, wherein the least one constituent clement further 

includes silicon. 

22. The electronic structure .of claim 19, wherein the metal includes copper, wherein the 

dielectric layer includes an allylated polyphenylene ether, and wherein the at least one 

constituenl element includes carbon. 
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23. The electronic structure of claim 19. further comprising a plating on the blind surface. on and 

within the metallic interlocking structure, and on sidewalls of the blind opening, wherein the 

plating includes a conductive metal. 

24. The electronic structure of claim 23 wherein the conductive metal includes the metal. 

25. The electronic structure of claim 23, wherein the·.plating does not fill the blind opening. 

26. The electronic structure of claim 25 wherein the }?!ind opening includes a blind via having a 

substantially circular cross section. 

27. The electronic structure of claim 23, wherein the plating fills the blind opening to form a 

conductive plug, wherein the conductive plug has an exposed height H, and wherein H ~ 0. 

28. The electronic structure of claim 27 wherein H > 0. 

29. The electronic strncture of claim 27, wherein H = 0. 

·=. 

30. The electronic structure of claim 27 wherein the blind opening includes a blind channel such 

that the conductive plug includes a conductive circuit line. 
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31. The electronic structure of clain1 23, further comprising an electronic device CQnductively 

coupled to the conductive metal. 

32. The electronic structure of claim 31 wherein the electronic device includes a semiconductor 

chip. 


