1 7 December 2005 INNOVATIVE SOLDER BALL PAD STRUCTURE TO EASE DESIGN RULE,
METHODS OF FABRICATING SAME AND SUBSTRATES, ELECTRONIC DEVICE ASSEMBLIES
AND SYSTEMS EMPLOYING SAME 5 TECHNICAL FIELD Field of the Invention: The present
invention relates generally to the mounting and connecting of electronic devrces 2005
particularly, to apparatus and methods providing an |mp oved solder ball pad structure on a Su strate
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method that is a analogous to the flip-chip method described above
for mounting and connecting dies. In both the C4 die and C5 package mounting and connection
methods, a plurality of solder balls is attached tOé%%;ﬁg ﬁﬁlﬂer ball mounting lands, or pads,
defined on a 30 surface of the die or interposer substrate. older ball mounting pad may be
defined by an opening idtate ipfshiative lAyenaranagklcaliod ot plessiveiimquayeehithitescasdlof, a

lighter, and more compact has resulted in a concomitant demand for semiconductor
15  packages that have smaller outlines and mounting areas or “footprints.”

One response to this demand has been the development of the so-called “flip-chip”
method of attachment and connection of semiconductor chips to substrates. Sometimes
referred to as the “Controlled Collapse Chip Connection,” or “C4,” method, the technique
involves forming balls of a conductive metal, e.g., solder or gold, on input/output

20  connection pads on the active surface of the chip, then inverting, or “flipping” the chip
upside down, and “reflowing” the conductive balls, i.e., heating them to the melting point,
to fuse them to corresponding connection pads on a substrate.

Another response has been the development of a so-called ball grid array (“BGA”)
semiconductor package that “surface mounts™ and electrically connects to an associated

25  carrier substrate, e.g., a printed circuit board (“PCB”), with a plurality of solder balls in a
method sometimes referred to as the “C5” method that is analogous to the flip-chip
method described above for mounting and connecting dies.

In both the C4 die and C5 package mounting and connection methods, a plurality
of solder balls is attached to respective solder ball mounting lands, or pads, defined on a

30  surface of the die or interposer substrate. The solder ball mounting pad may be defined by
an opening in an insulative layer or mask called a “passivation layer” in the case of a
semiconductor die, or a “‘solder mask”™ in the case of an interposer substrate of a BGA
package, as described below. The interposer substrate in a BGA package may comprise a

rigid or flexible sheet material.



semiconductor die, or a "solder mask" in the case of an interposer substrate of a BGA package, as
described below. The interposer substrate in a BGA package may comprise a rigid or flexible sheet
material. 2 7 December 2005 In a solder-mask-defined ("SMD") solder ball pad, an aperture formed in
the mask over a terminal pad defines the solder ball pad mounting area. Typically,lggge}%[)@jaﬁpgad
comprises a layer of metal, e.g., copper, aluminum, gold,silver, nickel, tin, platinum, ora multilayer
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substrate surface. A solder ball may be attached to or formed on the terminal pad area thus
15  exposed; however, the solder mask prevents the solder of the solder ball from attaching to
any portion of the terminal pad other than the mounting area that is exposed through the
aperture. Thus, the exposed area is referred to as an SMD-type of solder ball mounting
pad.
Comparatively, a nonsolder-mask-defined (“NSMD”) solder ball mounting pad
20  may be formed in a similar manner, the exception being the size of the aperture in the
solder mask. In particular, typically, the NSMD pad exposes the entire terminal pad, at
least a portion of the surface of the substrate sheet and, optionally, a portion of an adjacent
circuit trace, such that the molten solder of the solder ball can attach to the entire surface
and peripheral vertical side surface of the terminal pad thus exposed. Typically, a
25  circular-shaped terminal pad and a portion of a circuit trace are exposed in an NSMD
solder ball mounting pad arrangement. The connection area of both the SMD-type and
NSMD-type solder ball mounting pads may be coated with a nickel layer and then a gold
layer to enhance wettability of solder thereon.
Each of the conventional SMD and the NSMD solder ball mounting pads have
30 some advantages as well as disadvantages associated with it.
Turning to the SMD solder ball pad, it provides relatively good “end-of-line” (i.e.,
at the end of the semiconductor package fabrication line) ball shear resistance because the

solder mask overlaps the peripheral edge of the terminal pad proximate to the exposed



NSMD-type solder ball mounting pads may be coated with a nickel layer and then a gold layer to
enhance wettability of solder thereon. Each of the conventional SMD and the NSMD solder ball
mounting pads have 30 some advantages as well as disadvantages associated with it. Turning to the

SMD solder ball pad, it provides relatively good "end-of-line” (i.e., at the end of th7e g{g'|%9 %6 r
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of the terminal pad pigimate o the Xngeed 3.7, Decerhey 2005 area. definig the solierbal
mounting pad and, therefrore, resists ripping o rminal pa rom the substrate when mechanical

forces act on the saldembéditattbghee whe netechunion tiaststhe MSMDBdMdénbatiqohddibsretaelatively

lower end-of-life shear resist because the splder mask daes not cover.the peripheral edge of the
NewID teminal pe D e R S R e
position of the solgealzalilerstihdesordsicdost the culsstiatedhahedded roNSMESSORIerbalhlpad. This is

because the Jateral position gf the solder ball on the.substrate may be affecte two factors: 1) the
position on the substratgl %? %giggﬁﬁtreorl %}? afap Qﬁ%ﬁflf?églsnrﬁaegg%%){é?g%gg qﬁ?ﬁﬂﬁ%"é\ﬁc‘?& ii/vgf');lﬁ)of the
aperture interactpgeigontofitieas]dar bt gtativetyeld ihtevantisitovitatipsoideY $ID avide? btile

position of the centrpid, of the area of the metal .pad | rth%Li posed by the opening ip-the mask,
o the area werbh i e naas: B RLE BB AL R AT R R RO RIE S
ball pad. In both imstawces|dise loehegrositigravityhefstiistsotdel thakidemnold to Gligapittelt overesatienf the

two respective centrpids,if hoth facto As a resul n the troid. of the aperture 15 does
not coincide with ltTIEdeS1((c)iéi]|trs1ttlrg((§i\clleoljp %ﬁewgifp%ggg?r%%lﬁ?tﬁ%r%ﬁggfgft%h’gtoﬁlgggghgcf &%Cglé?%%%laapéll of the
aperture intédactsnagithe(e). gvidubhes)dtdréablded Bathethestentef dfe geavitidoff the sshdef thalinetaly be
positioned approxi | . ine extend) een t [ ince in an SMD
solder ball pad t %ﬁ%?&%@t’%@éﬁg’ﬁ r#gglkjéi% 1sh(re][s%%n é%é%ﬁé@%r%%t%%?%ge@tﬁ%g?gqgé?the
aperture and expsgder wigta ywadepbalhydesshedidtsr Thaiticbed dmthasolderdpdmade in taghsolder mask is

located within the, eriphefy. oL G}ﬁ%ﬁgﬁg@g@m& RigraLIRIETan . d%ﬁ%ﬁ%%%@&%?‘ﬁ%&%" will

depend substantially on the lateral p tolerances on the centr e aperture.
respective centroids if both factors apply. As a result, when the centroid of the aperture

15  does not coincide with the centroid of the exposed area of the mounting pad and the
vertical wall of the aperture interacts with (e.g. touches) the solder ball, the center of
gravity of the solder ball may be positioned approximately half way along a line extending
between the two centroids. Since in an SMD solder ball pad the aperture in the solder
mask exposes only pad layer metal, the centroid of the aperture and exposed metal pad

20  layer coincide. Thus, so long as the aperture in the solder mask is located within the
periphery of the metal pad layer, the lateral tolerances of the SMD solder ball will depend
substantially on the lateral positional tolerances on the centroid of the aperture.

However, the shape of the NSMD solder ball pad exposed by the aperture in the
solder mask includes a terminal pad portion as well as a portion of the circuit trace.

25  Further, the vertical wall of the aperture may not touch the solder ball. Consequently, the
centroid of the NSMD solder ball pad, i.e., of the exposed area of metal, is shifted slightly
toward the circuit trace and away from the centroid of the opening, which is typically
centered on the terminal pad portion. Hence, the center of gravity of the solder ball will be
positioned according to the respective centroids of the NSMD solder ball pad and the

30  circuit trace. Thus, the lateral tolerances on the solder ball on an NSMD solder ball pad
may depend not only on the lateral tolerances of the centroid of the aperture, but also the
lateral tolerances of the centroid of the exposed metal of the metal pad layer as well.

Moreover, even without the presence of a circuit trace, misalignment of the solder ball can



However, the shape of the NSMD solder ball pad exposed by the aperture in the solder mask includes
a terminal pad portion as well as a portion of the circuit trace. 25 Further, the vertical wall of the
aperture may not touch the solder ball. Consequently, the centroid of the NSMD solder ball pad, i.e.,
of the exposed area of metal, is shifted slightly toward the circuit trace and away.;rﬁr& én} { id of
the opening, which is typically centered on the terminal qu portion. Hence, the center ot gravity of the

solder ball will be_ppsitioned a ing to.the respective centroids pf the NSMD. solder ball pad and
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of the centroid oft%esgfé ORS! metal of the metal pad layer as well. Moreover, even without the
presence of a circuit trace, misalignment of the solder ball can 4 7 December 2005 still occur in an
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resulting from thermal aging so that the stresses do not concentrate at the interface

15  between the NSMD solder ball pad and the solder ball. Thus, the NSMD may provide an
improved resistance to thermal stresses over the SMD solder ball pad, the solder ball/pad
interface of which consists of a simple planar interface between the exposed portion of the
terminal pad and the solder ball.

U.S. Patent No. 6,201,305 to Darveaux et al. as well as U.S. Patent No. 5,872,399

20  to Lee each describes a solder ball pad structure. More specifically, the Darveaux
reference describes an NSMD-type solder ball pad structure wherein a layer of metal on
the substrate is formed into a terminal pad, the pad having at least two spokes radiating
outwardly from it. The pad structure with spokes is exposed by way of an aperture
formed through the solder mask such that the terminal pad and an inner portion of each of

25  the spokes is exposed therethrough, and an outer portion of each of the spokes is covered
by the mask. The Lee reference describes a solder ball pad structure having a terminal
etching hole as well as a plurality of etching holes at the outer portion of the solder ball
pad structure for increasing the contact area for a solder ball.

Another area of interest is the design flexibility in the number of circuit traces that

30  may be operably positioned to run between two adjacent solder ball pads with adequate
spacing between the traces and between the traces and the solder ball pads. More
specifically, the aforementioned tolerance considerations, as well as the differences in the

formation of SMD and NSMD solder ball pads, must be factored in determining the



U.S. Patent No. 6,201,305 to Darveaux et al. as well as U.S. Patent No. 5,872,399 20 to Lee each
describes a solder ball pad structure. More specifically, the Darveaux reference describes an
NSMD-type solder ball pad structure wherein a layer of metal on the substrate is formed into a
terminal pad, the pad having at least two spokes radiating outwardly from it. The ith
spokes is exposed by way of an aperture formed through the solder mask such that tﬁe termlnd$, pad
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tolerances as well L.as parameters required to achieve a robust design limit the ability to position
additional circuit traces between solder ball pads for a given solder ball pad design pitch. In view of the
foregoing, a method for fabricating solder ball mounting pads on a 5 substrate and resulting solder

ball mounting pads which improve on bot ‘ﬁgﬁ ball pads and eliminates some
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of the present invention includes a metal terminal pad that is partially expose n aperture in a
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the exposed
expose any portion of a surrounding substrate surface. In addition, an optional metallic or

15  conductive polymer interface layer may be formed onto at least a portion of the exposed
area of the metal terminal pad and onto at least a portion of the vertical sidewall of the
solder mask defining the aperture as well as extending onto the surrounding top horizontal
surface of the solder mask. Alternatively, an optional nonconductive polymer interface
layer may be formed onto the surrounding top surface of the solder mask. A copper layer

20  comprising an electroless copper seed layer as well as an optional electroplated copper
layer may be formed over the solder mask, into the aperture and over the exposed portion
of the terminal pad. Nickel and gold layers may be applied by electroplating to the copper
layer to enhance the wettability to solder of the resulting pad surface. The solder ball pad
structure of the present invention may be termed a ball pad on solder mask or “BPS.”

25 The solder ball pad structure of the present invention provides a variety of
advantages. First, the lateral positional tolerance of an attached solder ball is largely
determined by the tolerances associated with the formation of the solder mask, similar
to the SMD solder ball pad. Additionally, the optional interface layer and subsequent
metal layers which may be attached to the metal terminal pad enable the solder ball to

30  attach to the vertical side surface of the aperture in the resulting structure, which
configuration may provide enhanced thermal stress distribution in the solder ball
connection. Also, the solder ball pad of the present invention also provides increased

surface area for solder ball attachment, as well as an indented surface for attachment



area of the metal terminal pad and onto at least a portion of the vertical sidewall of the solder mask
defining the aperture as well as extending onto the surrounding top horizontal surface of the solder
mask. Alternatively, an optional nonconductive polymer interface layer may be formed onto the
surrounding top surface of the solder mask. A copper layer 20 comprising an elec}r?gcsé%%gfggésseed
layer as well as an optional electroplated copper layer may be formed over the solder mask, into the
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other than solder, such as conductive or conductor-filled
Other features and advantages of the present invention will become apparent to

15  those of ordinary skill in the art through consideration of the ensuing description, the

accompanying drawings, and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS
In the drawings, which illustrate what is currently considered to be the best mode
20  for carrying out the invention:
FIG. 1A is a top view of a conventional SMD solder ball pad;
FIG. 1B is side cross-sectional view of the SMD solder ball pad shown in FIG. 1A;
FIG. 2A is a top view of a conventional NSMD solder ball pad;
FIG. 2B is side cross-sectional view of the NSMD solder ball pad shown in
25 FIG. 2A;
FIG. 3A is a top view of an embodiment of the solder ball pad structure of the
present invention;
FIG. 3B is a side cross-sectional view of an embodiment of the solder ball pad
structure shown in FIG. 3A;
30 FIG. 4A is a top view of an SMD solder ball pad configuration wherein two circuit
traces extend between two SMD solder ball mounting pads;
FIG. 4B is a side cross-sectional view of the SMD solder ball pad configuration
shown in FIG. 4A;



epoxy. Accordingly, the term "solder ball pad" is exemplary and not limiting of the scope of the present
invention. Other features and advantages of the present invention will become apparent to 15 those of
ordinary skill in the art through consideration of the ensuing description, the accompanying drawings,
and the appended claims. BRIEF DESCRIPTION OF DRAWINGS In the drawing§ ]é]\égéngé%@te
what is currently considered to be the best mode 20 for 9arrymg out the invention Alis atop
view of a conventional Ider ball 1 side crpss sectlo | view o the SMD solder
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configuration of thiequiesentsinaventidietwdeerein ﬂﬁ%@lﬂuﬂdﬂrtbaﬂeswmmgjpbé$ween two solder ball
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10  different embodiments of the present invention;

FIGS. 8A and 8B depict an exemplary process flow for forming the solder ball pad
structure of the present invention using a conductive polymer interface layer;

FIG. 9 depicts placement of a nonconductive polymer interface layer in
accordance with the present invention;

15 FIGS. 10A through 10D depict a first exemplary process flow for forming the
solder ball pad structure of the present invention using an electrolessly plated interface
layer; and

FIGS. 11A through 11D depict a second exemplary process flow for forming the
solder ball pad structure of the present invention using an electrolessly plated interface

20 layer.

BEST MODE(S) FOR CARRYING OUT THE INVENTION
Referring again to conventional practices to provide a more detailed basis for

comparison with the present invention and not in any way in limitation of the scope

25  thereof, FIG. 1A is a top view of a portion of a conventional SMD substrate 10 having a
solder-mask-defined (“SMD”) solder ball mounting pad 28 formed thereon. FIG. 1B is a
cross-sectional view looking into the SMD substrate 10 and mounting pad 28 along the
lines IB--IB in FIG. 1A. The SMD substrate 10 may comprise a sheet 12 of an insulative
material, such as bismaleimide triazine, flexible polyimide film or tape, fiberglass,

30  polyimide tape, ceramic, or silicon, or, alternatively, it may comprise a semiconductor
chip or die. The SMD substrate 10 typically comprises a layer of metal, e.g., copper,
aluminum, gold, silver, nickel, tin, platinum, or a combination of the foregoing that has

been laminated and/or plated on a surface of the substrate sheet 12, then patterned using



FIGS. 7A through 7L show top views and associated side cross-sectional views of 10 different

embodiments of the present invention; FIGS. 8A and 8B depict an exemplary process flow for forming
the solder ball pad structure of the present invention using a conductive polymer interface layer; FIG.
9 depicts placement of a nonconductive polymer interface layer in accordance Wi‘}lﬁ&%ﬁ%%?%lﬁ&
invention; 15 FIGS. 10A through 10D depict a first exemyglgry process flow for forming the solder ball

pad structure of the present inyention using an electrolessl| atecgi terface layer: and FIGS. 11A
fhrough 11D depii S BB o LR PR A s SRS B of e
present inventionnusiagianietecks lEs6lyoptatey dntexidioe s Péx terydin gBEST1 MO Bxid(5)HO RECARRY ING

OUT THE INVEI\tTION eferring again to conventional practices to provide a mor %etaile basis for
comparison with ﬁageﬁrclaé;ean?elf?\t\?(grtl ion rhn%(ﬁe BRI %11 e nﬁ Igfa%connec(et% efﬁrémgl

not'in any way In limitatio e scope reoﬁ IG. 1A

is a top view of a Fowtidntlod epposesititaval & KD ssbbsitatdhddd Hawsrigiawsoidbe arask-defined ("SMD")

solder ball mgunting pad 28 formed therean, FIG. 1B.is a cross-sectional view logking into the SMD
S e R B S R R

substrate 10"and mountlnrglajlf)l%{1 a%ea%yr% ]ﬁ\ehellr?erzrsnl hF s ngﬂbsetra ﬁrély

comprise a sheetiidudfiignthesoiativel padtetidihssddasiidnaleinyidenipazing) fdeyiblepopoipidedtim or
tape, fiberglass, 30 polyimide tape, ceramic. or silican. or, alternatively. it may comprise
semconducior Hue dregs CRGRS b i, 6 ST b LRI BN S 1,
aluminum, gold, sNvey, fivkelldén ppiskimapmalor beconphiyatiorhnhtieetdord §oirigrined hagebedleiaminated

and/or plated on a sur f substrate sheet 12, t terne in ecember nown
Photolithogranhy T e bt A B, B e
(shown by détted(finesh drteddinglfiohditidnttdtitibl to thercidcuitthe acesnlitg agoldttthuhopgbetiole,

e, oA R (S AR A O o e
metal layer, portion of the terminal pad 14 other than the mounting pad 28 that is exposed through the
aperture 19, the mounting pad 28 is referred to as a solder-mask-defined or SMD-type of
solder ball mounting pad, as described above.

15 In further illustration of conventional practices for purposes of comparison with
the present invention and not in any way in limitation of the scope thereof, a conventional
NSMD substrate 11 is illustrated in the top view of FIG. 2A, wherein features similar to
those in the SMD substrate 10 of FIG. 1A are numbered similarly. FIG. 2B is a
cross-sectional view looking into the NSMD substrate 11 and mounting pad 28" along the

20  section lines IIB--1IB in FIG. 2A.

As may be seen from a comparison of the two sets of figures, the respective
mounting pads 28 and 28" are very similar, the exception being the relative sizes of the
apertures 19 and 19 in the solder mask 20. In particular, in the NSMD mounting pad 28’
of FIGS. 2A and 2B, the aperture 19" exposes the entire terminal pad 14, along with a

25  portion of the surface of the substrate sheet 12 and a portion of the optional, adjacent
circuit trace 16, such that the molten solder of the solder ball 24 can wet and attach to not
only the entire upper surface of the terminal pad 14, but also to the vertical peripheral side
surface 26 of the terminal pad 14 and the optional circuit trace 16. Along the vertical side
surface 26 of the terminal pad 14, the solder ball 24 attaches and forms a curved

30  attachment surface 29 with the vertical peripheral side surface 26 of the terminal pad 14.

It is conventional in the industry to plate solder ball mounting pads 28 and 28" with

a layer of nickel, followed by a layer of gold, shown in combination in FIGS. 1B and 2B



including the terminal pad 14. The solder mask 20 may comprise an acrylic or a polyimide plastic or,
alternatively, an epoxy resin that is silk screened or spin-coated on the sheet 12. A dry film solder
mask may also be employed. An aperture 19 is formed in the solder mask 20 to expose a mounting
pad portion 28 of the terminal pad 14, and a solder ball 24 10 (shown dotted in Fl?D'é%&jﬁb%}t d to
or formed on the mounting pad 28 thus exposed. Since {he solder mask 20 prevents the solder of the

solder ball 24 from attaching to a ortion of the terminal pad 14 other than QF mounting pad 28 that
is exposed throuﬁﬁ Stﬁﬁgeg%lé% e ﬂ%{gﬁ%errﬁ%%yﬁﬁr;%’ggl (?ger% ersroeée 8Bé§ \éos%o oee??r#ask-defined or
SMD-type of solddtchatinety ntimgpadpads ldasariibedugipdied . with Inidketled dll tsttedibofibenventional
practices for purposes of comparison with the present invention and not in any.way in limitation of the
Coope thereot. & SORIE oA N B oL e e S B Rl Snerenn
features similar tpathbse in the SMD substrate 10 of FIG. 1A are numbered similarly. FIG. 2B is a

cross-sectional view lo into th D supstrate 11 and mounting pad 28'.al th 0 section
o 1o Ho. 2 Es A8 3 SPMASTAG G A BIRIng Bed SR oha Ub ereag on
mounting pads 28ahd@&: rred vepysimg andtBe exoepitigrnosbmngrehanrelativeosiz8sldéthesaPortures 19

and 19'in the solder mask 20. In-particular, in t SMD unting pad 28 IGS. 2A and 2B, the
erture 16 expcobaTasts Sl ROIEHBE h 1S P I MO AR, O B S e aubstrate
sheet 12 and a peptignroRtheluptionalapetjddenfoumedititades 8 pssechsthtictheamoftde soldaabpate

solder ball 24 can wet.and aftach to not ..only the entire r surface of the terminal 14, but also
to the vertical perralE)r\;veérlzi:f185|ﬁ GEE%SJ%&)Q 389 of tlltelcfaelisrhaln\g#;?aggtﬁ%g)r%%ee%%%ioa t%r}r??:%?ﬁ race 16. Along
the vertical §ide Boarfawéad Guofatieeofehminblquanhdld2thdgottier balt22Battache seddofentmsice tbgved 30

ttach t f i ] ' ' f ' 4. 1t]s .
conventonal in o edo T STo S DA Ao i el 28 e I bl
followed by a layen epgaidssthowhliiSEdnbliatidrBinrFQ 8) /B fard PBn8ct Deten{bep@006mas

0L PSP OB 05l =

an electroless plating solution or a conductive polymer, as described in more detail

15  below. Copper layer 48 is formed over the terminal pad 41 as well as interface layer 38, if
present, thus extending along the horizontal portion of the terminal pad 41 and onto the
sidewall of the solder mask 20 defining aperture 23, and also onto the horizontal top
surface of the solder mask 20. Copper layer 48 may comprise an electroless copper seed
layer (which may be the interface layer 38) followed by an electroplated copper layer or

20  may be otherwise formed as known in the art. Further, nickel and gold layers, collectively
shown as solderability enhancement layer 18 for clarity, may be applied to the copper
layer 48 to enhance the wettability to solder of the resulting mounting pad surface. Nickel
is used to prevent diffusion of copper to the solder ball pad surface and gold is used for
solder wettability. Thus, optional interface layer 38, copper layer 48 and solderability

25  enhancement layer 18 together comprise a solder ball pad layer 60.

Because the interface layer 38 as well as the copper layer 48 and solderability
enhancement layer 18, due to their extension up the sidewall of solder mask 20 defining
aperture 23 and over onto the outer surface of solder mask 20, may provide a larger
surface area than the area that would be exposed by aperture 19 in a typical SMD-type

30  solder ball pad, the size of terminal pad 41 of a BPS solder ball pad structure may be
accordingly reduced. Stated another way, to achieve a final bonding area that is equal to a
given SMD mounting pad area, the terminal pad 41 formed from the metal layer deposited

on the surface of the substrate sheet may be smaller than the terminal pad 14 of an SMD



coatings, or may be treated to prevent oxidation of the metal surface of the terminal pad 14. 5 FIGS.
3A and 3B show a top and side cross-sectional view of the BPS substrate 40 with solder ball
mounting pad 36 according to the present invention. Solder mask 20 exposes an area of the terminal
pad 41 on insulative material sheet 12 by way of aperture 23. Interface layer 38 i éﬁrépeﬁgb?lj%(%e
exposed surface area of the terminal pad as well as egtﬁpging onto the vertical sidewall of the

aperture 23 and on top 10 horizontal surface of.the solder mas . Interface layer 38 may be
oo 10 enhance e A e R R i e R D S
may comprise anpepoxyivsemhadmédVISOIMBEPANY® bedo®i @vai]fbdrrwiidn seHaoctifesiCorpdrabipn,
Connecticut. Interface layer 38 may optignally comprise a metal r farmed by.usin electroless
plating solion o Btk S Do h DT e O S § SR AR B o
formed over the tenthimaicpaor 4drgxs avdlhastahtenface deperf 3Bpift (tSsentthuslexteadingeadtareg. the
horizontal pogtion of theterminal pad 41 and onto.the sidewall of the solder mask 20 defini erture
23, and also oo he oy D S e Ry 0 S A o
electroless coppembesctniayehfwhiGnmuaydieptine mtenftiosltayieroddpicliowsd by antetectroplated
copper layer or 20) may be,otherwise formed as known in the art, Further, nickel and gold layers,
Collbctvely shov aE T S e e
layer 48 to enhandethpawetthiijityhoiseideredhyiae 38 sulsinglpnbedtipyipakosarfaceoNizkehsis Ased to
prevent diffusion of copp e solder pal surfa nd is;used for solder w ility. Thus,
optional interfaceOI[;?/Veé%ﬁgf,’eé%g] e()?ﬁléyr/lgro E@%ﬁ%ﬁggﬁlgﬁ%ﬁ&o %é%oﬁ%{lncsél%sgﬂﬁg%gary 18 %Eg%é?tté'er
comprise a Hbldebbaillagadtheyeppe:. Beuatisanthwidterbady tayenG8nastiaitnithacbppenfigyerd48 and
solderability enh !l%%r to thei i ' I 0 defining
aperture 23 and oﬁ\?gﬁ (f)%%{)} {t eo é%eﬁtﬁ%c%%\f SO ﬁé%ﬁrﬁé%i %%}@ﬁ%ﬁ%@g%jgﬁ%%%ﬂ%ﬁ a%lg area
than the area thaBR®stddoehelmsetrbsiup emyrbeldisiprenty picad BN Byt FDispides tratbpaoiahs size

of terminal pad 4%#945?‘15@%_%8'ﬁ&%ﬁ'l&?&?ﬁ@ﬁ & Eﬂggzpr?%?&%&{ﬂpﬂ%ﬁ?ﬁ@%?@eﬂ gdgnother

way, to achieve afi ing area that Is equal to a MD mounting pad area, the terminal pad
41 formed from thekeweiss), keperatepudinadilon ehkagoefaort tfgivessubwtiateosierttinay@ranghealler than

the terminahg ad g‘élgefraﬂﬁ%ghancement layer 18. Also, each layer is not required to be the same size as
other layers. For instance, the solderability enhancement layer 18 may extend onto the
vertical side of the copper layer 48, or may extend laterally along the substrate surface
beyond either the copper layer 48 and/or interface layer 38.
Suitable and exemplary rigid insulative sheet materials 12 for a BPS substrate
20  include BT832, MGC, MCL679, FR-4, FR-5 materials from Hitachi Co., Japan. Suitable
and exemplary flexible insulative sheet materials 12 for a BPS substrate include
polyimide layers or fibers such as UPILEX™ from Ube Industries Ltd., Japan,
ESPANEX™ from Nippon Steel Chemical Co. Ltd., Japan, and KAPTON™ and
MICROLUX™ commercially available from E.I. Dupont de Nemours Company, as well
25  as Polytetrafluoroethylene (PTFE), and a liquid crystal polymer. It should also be noted
that the term ‘““sheet” as used herein encompasses not only a self-supporting structure but a
layer of material supported on another structure.
AUSS, AUS308, AUS303, or AUS7 from Taiyo, Japan, and DSR2200 from
Tamura, Japan, are examples of commercially available materials suitable for use in
30  forming solder masks 20 for a rigid BPS substrate. AUS11, AUS21 and PSR8000FLX
from Taiyo, Japan and CFP1122 and CFP1123 from Sumilite, Japan, are exemplary

materials suitable for use with flexible BPS substrates.



7 December 2005 -10- or NSMD configuration. Reducing the size of terminal pad 41 may allow for
more lateral space between adjacent terminal pads to become available on the surface of sheet 12.
By way of example only, solder ball pad layer 60 may exhibit a diameter of about 0.33 millimeters or
larger and a total surface area of about 0.05 square millimeters or greater. 5 Mor%opggeg;}? 2005
combination of interface layer 38, copper layer 48, and_sHIqurability enhancement layer §may
comprise a multitude of configurations. For instan ch, layer may be formed in selected areas to
improve solder ball bon% Lc?éja%%vtvesr?s‘f?cnsv.eﬁgrrlg?%ﬁ%3%’&%@%gal r?)t{z-:-nr g&léafé%/%}rl%yén %‘@Oosr?@{ e
deposited over theaBoldentnagk@0?8ofcwed dgleptecipo ttibdsiotdhey saladenlnadk RI0tatBhohor the
subsequent layers fhereion 0 imiarly, e capperiayer 48 and solderabiity cahancement lauer 18
may be configured in different arrangements as . Furthermore, atorementioned layers comprising
the BPS solder hiqpdd, stapeturecinal eeddispacdiet seensctiabarpadef ¢ antigtibasstdeconesiuous.
Thus, it may be desiiedio fim separple fopperredions. el o the copReriayer 48 Likeiss
separate sol eraBﬁlsty enhancement regions ma , iIn .com m:fuon, form the 15 solder %lﬁty
enhancement layerpi8itidisoomhrhivaysices 80 anddiiredeinling thevsameokizebad othetiteyprds Fr
instance, the soldgrability enhancement layer 18.may.extend onto the vertical side of the.copper layer
45, o may extend e R e A e e o
interface layer 38liSuitabbetamedneke wyplary oigfict irsuliatlpadhddt wratedidtolderforl bpBPSteubshate 20
include BT832, MGC, MCL679. FR-4 -5 materials from Hitachi (Co.. Japan. Sui ge nd
exemplary erxibI\I/éeﬁlr}siﬂ a \%/g % Etreneett ?ﬁgg}g s&r%%lfvcsr%ég%%%lcs% Eg%rgttgﬁr?gﬁ%%r %fo §/)|I}n}1 él g?t/rearcsesdr fibers
such as UPIODEXTiM famallwdlerinde strfesniing coaghztiveESRgNE XMV 2rard ippod Stdel €hemithl Co.

Ltd., J , and T ICR jal [ d
Nemoil Psagoﬁ]pa%ﬁﬁgsscgw%%\g? f;gaé’\éﬁ%gt?é“k%-}%\gt y%?ge%?’éé%\%@ %Tllégug %b gﬂlgft%ﬂggr?};r%;. It
should also be ngtedenieat ﬂf@%dwtiyhé@ﬁeﬁ@m}?énemlmmmmmmW H swlflsupporting
structure but a laygr.o t@‘?@éﬂ%ﬁﬁ%ﬁ&%rﬁ@t?s“%&ﬁﬁﬁcﬁ{%?%%etrélei B g??%%e%ﬁﬁﬁ?éu?%r AUS7

from Taiyo, Japan, and DSR rom Tamura, Japan, are examples of commercially available
materials suitablepaeingddtween the traces.

15 FIG. 4B shows a side cross-sectional view of the SMD substrate 10 shown in
FIG. 4A, but also including an example of a solder ball 24 (not shown in FIG. 4A)
attached to the left-hand mounting pad 28. The distance d between a terminal pad 14 and
conductive trace 30, conductive trace 30 and conductive trace 32, as well as conductive
trace 32 and another terminal pad 14 is shown. For ease of illustration, trace or line

20  widths and space widths are taken to be substantially the same. Distance d, the spacing
between a trace and another trace or a trace and a terminal pad for SMD-type solder ball

pad configurations, may be determined by the following design rule:

Spitch - Pdia - 2 TOl
dgp = N
25
Equation 1
Where:
dsmp is the spacing between a trace and another trace or a trace and a terminal pad.
30 Spiteh 18 the solder ball pad pitch, or distance between the centers of the two pads.

Pgia 1s the terminal pad diameter.

Tol is the soldermask positional tolerance.



30 forming solder masks 20 for a rigid BPS substrate. AUS 11, AUS21 and PSR8000FLX from Taiyo,
Japan and CFP1122 and CFP1123 from Sumilite, Japan, are exemplary materials suitable for use
with flexible BPS substrates. 7 December 2005 -11- FIG. 4A shows a conventional SMD substrate 10
configuration having two solder ball mounting pads 28, formed by apertures 19 d%fiﬁgge glj%w@lls 21
(FIG. 4B) of solder mask 20 that expose mounting pads, f the terminal pads 14 formed on the
substrate sheet 12, resR]elgt{' el I.H;ll'gg g' tance b%t veen rtgrlrpiggl pads 14 as well as tolerances in 5
positioning the terminal pads it may su tanﬁéiﬁy intfienca the amount of space in which to position
conductive traces 30 and 32 extending between solder ball mounting pads 28. The spacing between
traces 30 and 32 is detefmined from a numb variables..The distance between the ters of the
torminal pads 14, ermeAPQTHE BATSAN pRaHe e T DL S M P Fce
thickness t, the number $f aendibtiventraces, 10 the lateral tolerance in forming conductive traces 30
and 32 and terminal pacf,s,lél,%vr\{lell as the solder ball pad design all may influence the spacing d
that may be afforded for d[f?la(:'emen{nof conductive traces 30 and 32 in relation to the terminal pads 14
on the substrate sheet T2l #n@fddibion, it is common for the trace thickness t to be equal to the
spacing between the trages FIG. 4B show siﬁ; ross-sgctional view of.t !\le substrate 10
hown n FIG, 45, but s ek e o T e e o YR achea
to the left-hand mowasingdphee@ Bitdinendigtspricesd tistoengrads tessninalgapd 4 meth conbustéve trace 30,
conductive trace \%Qdﬁﬁg conductive trace 32, as well as conductive trace 32 and another terminal pad
14 is shown. For ease 0f illustration, trace or line 20 widths and space widths are taken to be
substantiallf@he same. Distance d, the spacing between a trace and another trace or a trace and a
terminal pad for SMD-type solder ball pad configuration ay be determined by the following design
rule: S pitch - Pdia -2T61 d SMD = N %Sgguaéﬁ”im"%gqm% >3 650

5
d gp = 0.050 mm (two circuit traces)
15 Comparatively, FIGS. 5A and 5B show a top and side cross-sectional view,

respectively, of an embodiment of the BPS substrate 40 of the present invention.
Although none of the drawings are drawn to scale and are for illustration purposes only,
the sizes of the BPS mounting pads 36, as defined by apertures 23, respectively, are shown
as substantially equal to the mounting pad 28 size as shown FIG. 4A. However, the

20  terminal pads 41 of the BPS substrate 40 are smaller than the terminal pads 14 of the SMD
substrate 10 shown in FIGS. 4A and 4B. Since the BPS mounting pads 36 are formed
onto the top surface of the solder mask 20, their outer extents do not influence the
placement of conductive traces 30, 32 and 34. Instead, the smaller terminal pads 41 may
allow for additional spacing or additional conductive traces to be placed between BPS

25  terminal pads 41. Further, since the copper layer 48 extends over the solder mask 20, it
may be, for example, a diameter or width of at least 0.3 mm and preferably 0.35 mm to
ensure good solder joint reliability using BPS mounting pads 36 without any reduction in
circuit trace or spacing width.

Determining circuit trace spacing of the BPS solder ball pad configuration of the
30  present invention may be accomplished by using Equation 1, used for SMD solder ball

pad configurations; however, the terminal pad size may be reduced.



Where: dsMD is the spacing between a trace and another trace or a trace and a terminal pad. 30
Spitch is the solder ball pad pitch, or distance between the centers of the two pads. Pdia is the
terminal pad diameter. Tol is the soldermask positional tolerance. -12- N is the number of spaces and
traces required. 7 December 2005 Applying Equation 1 to FIGS. 4A and 4B, with gﬁse%g}ﬁg‘adaﬁg sions
as follows, Spitch =.650 mm 5 Paia =.300 mm Tot =.050,mm N = 5 (As can be seen in FIG. 4B, the
number of spaces "d" isIﬂS0 rfor WO, cirdcu't lraces nd ﬁ% e ig}grl\lla poirrll ces k%et%eerrllt%? S, assuming
equal spacing and trace Wi(ﬁ%s% To 350 Mm= 360 Mm-2. 050 Y =B = 0.050 mm (two
circuit traces) 15 @esapanativebn FIGS. iIBAKIR] 5B shbiBavith assdsadeloressisectiofudliovwsy,
respectively, of an embodiment of the BPS substrate 40 of the present invention. Although none of the
drawings are drawn to scale and are for illustration purposes only, the sizes of the BPS mounting
pads 36, as defined by apertaréS8nrespectively, are shown as substantially equal to the mounting
pad 28 size as shown F},G. éml Idowever, the 20 terminal pads 41 of the BPS substrate 40 are smaller
than the terminal pads Apf the SMD  substrate 10 shown in FIGS. 4A and 4B. Since the BPS
mounting pads 36 are fdrphedOdhtorthe top surface of the solder mask 20, their outer extents do not
influence the placemeny.of conductive traces apd 34. Instead. the smaller terminal pads 41
may allow for acdiiona) spadng S e o e s 0 B b Bera HHE s
terminal pads 41 cFartheacsinod therdoppeniagepa@ehtenes pads)the solder mask 20, it

.650 mm—.300mm—2-.050 mm
7

10

d BPS

dgps =0.057 mm

Accordingly, the present invention may enable an increased number of traces to be
15  placed between two solder ball pads of the present invention since the spacing size d may
remain substantially identical to the spacing required for conventional bond pads having a
smaller number of traces therebetween. Alternatively, additional space may be used to
provide additional lateral clearance between the same number of traces; thus increased
yield may result.
20 For example, employing the BPS solder ball configuration of the present invention

wherein two traces extend between two solder ball pads, the spacing may be determined

as follows:
Spitch = .650 mm
25 P4ia =.150 mm
Tol =.050 mm

N =5 (for two circuit traces and three intervening spaces)

650mm—.150mm—2-.050 mm
5

d BPS

30
d zps =0.080 mm



may be, for example, a diameter or width of at least 0.3 mm and preferably 0.35 mm to ensure good
solder joint reliability using BPS mounting pads 36 without any reduction in circuit trace or spacing
width. Determining circuit trace spacing of the BPS solder ball pad configuration of the 30 present
invention may be accomplished by using Equation 1, used for SMD solder ball p ur gs
however, the terminal pad size may be reduced. 13 7 Degember 2005 For mstance app ying t

design rule of Equation 1 to the embodiment of the present invention shown in FIGS. 5A and SB with
assumed dimensions as follows, Sp,tch =.650 mm 5 Para =. 150 mm Tot =.050 mm N = 7 (As can be
seen in FIG. 5B, the nuffilney, dfegpases ﬁd#eiﬁise\mayfemeﬂbiﬁemotéma@bsmcecsfandeid)betmeemmtﬁeg spaces

between pads) 10 7.dB 057 mm Accordin th t |nvent|o e an increased
number of traces% z]ﬁ)ecli:)igftgec%gsgn%wefgﬁ %loaggyl er?p é\ eeasperes}()aa1 tmr%ven S%Ilsal?[lrcagethe
spacing size d maydem&nrswostatrmaﬂyade«hmahtmﬂi@&pasmglteqmrenlcfut careventibnal obwidipads
having a smaller.n mber of tra elsS twe N, Aternatlvely additional space may be used to

nventiona
provide addi ona‘ﬂ ateral Clearance een he ame Humber of traces; thus increased yield may

result. 20 For example, EIG}SI(MnglméBSSIBSVG@Iciewbaﬂiommhh@lkﬁllaubatatuelprwherﬁnmermmm&t)ereln

two traces extend between t olderg ads th S Y edeter ined s follows: Sptch
550 mm 25 A A D e R R A N S

spaces) entire termmal pads 14, termmal pads 14 forming mounting pads 28'.
FIG. 6B shows a side cross-sectional view of the solder ball pad configuration

10 shown in FIG. 6A, but also including an example of a solder ball 24 (not shown in
FIG. 6A) attached to left-hand mounting pad 28". The distance d between a terminal
pad 14 and conductive trace 30, conductive trace 30 and conductive trace 32, as well as
conductive trace 32 and a terminal pad 14 is shown. Distance d, the spacing between a
trace and another trace or a trace and a terminal pad, is also commonly used as the trace

15  width as well as the spacing distance between the vertical sidewall 21 of aperture 19" and a
terminal pad 14. In addition, in an NSMD-type substrate, it is common for the design rule
to specify a clearance distance between a vertical sidewall of an aperture, for instance
vertical sidewall 21 of aperture 19', and the nearest sidewall of a trace, for instance,
conductive trace 30.

20 Distance d, for the NSMD solder ball pad configuration shown in FIGS. 6A and
6B, may be determined by the following design rule:

S . —Aperture,, —2Tol —2C

pitch
dNSMD - N
Equation 2
25
Where:
dnsmp 1s the spacing between a trace and another trace or a trace and a terminal
pad.
Spiteh 18 the solder ball pad pitch, or distance between the centers of the two pads.
30 Apertureg;, is the aperture diameter.

Tol is the soldermask positional tolerance.



30 .650 mm-.300 mm-2.050 mm darn = .650 mm-.150 mm-2.050 mm dBPS=5 dBPS = 0.080 mm
-14 7 December 2005 Thus, the present invention may enable more traces to be formed between
solder ball pads of the present invention and/or alternatively, increased spacing between a trace and
another trace or a trace and a terminal pad, as well as in circuit trace width, in rela}tBQC ?n%%lt%os
conventional SMD pad configuration. FIGS. 6A and 6B_§I30_w a conventional NSMD substraté 11
wherein two traces 30 %11% % 2xten ebr%tnvgg%n éplcsa trgrt%walfp%leps%?& rlr‘r‘faFﬂ%o \%ﬁ\ OWs apertures 19
exposing the entire termina pac?s 14, erimar padls 14 forming mounstlng paas é.aﬁ?G. 6B shows a
side cross-sectional vieW of tivensoltier dfatapad-apnfigiumadi onerOrshgvprades BEBy &A theitadso including
an example of a %%Irglgrrboaflh%%gnot shown in FIG. 6A) attached to left-hand mounting pad 28. The
distance d betweén a terminal pad 14 and conductive trace 30, conductive trace 30 and conductive
trace 32, as well as conductive trace 32 and a terminal pad 14 is shown. Distance d, the spacing
between a trace and another trace or g trace and a terminal pad, is.also commonl as the trace
2 width o5 el as the SPAETY BIEAREL DG e S a5 VLS SFAD AT S Ta e
terminal pad 14. bakhgaidions shaamnNENIGStyge subsate:, dpisiagmaobe idstthaidesigyfoltavdo specify a
clearance distance between a vertical sidewall of an aperture, for instance vertical sidewall 21 of
aperture 19', and the nearest sidewall of a trace, for instance, conductive trace 30. 20 Distance d, for
the NSMD solder ball pag,genfiggoratian shown in FIGS. 6A and 6B, may be determined by the
following design rule: 7 S pitch - Apertured ,a - 2 Tol - 2 C u NSMD
perturegi, = .300 mm
10 Tol =.050 mm
C =.030 mm

N = 3 (for two traces and one intervening space between traces)

.650mm—.300mm—2-.050mm—2-.030 mm
dNSMD = 3

15
d ysup = 0.063 mm

Referring back to FIGS. 5A and 5B, the BPS substrate 40 of the present invention
may offer increased spacing distance between elements formed on the surface of the
20  substrate when compared to the SMD substrate 10 or the NSMD substrate 11 for an equal
number of circuit traces. Also, since the BPS mounting pad 36 is positioned in part above
the solder mask 20, the BPS mounting pad size may offer a surface area equal to or greater
than the SMD mounting pad 28 and/or the NSMD mounting pad 28’ sizes.
In addition, the BPS substrate 40 of the present invention may offer increased
25  flexibility in design and improved bonding configurations. For instance, a BPS solder ball
pad layer may be configured to further increase the surface area for attaching a solder ball
thereto. More particularly, a BPS solder ball pad layer may be configured with scallops,
radially extending fingers, apertures, or otherwise geometrically configured to increase the
surface area or improve the bonding characteristics of a solder ball connection thereto.
30  Further, a BPS solder ball pad layer may be configured to expose a portion of the terminal

pad for connection to a solder ball in combination with the solder ball connection surface



25 Where: N Equation 2 dNSMD is the spacing between a trace and another trace or a trace and a
terminal pad. Spitch is the solder ball pad pitch, or distance between the centers of the two pads. 30
Aperturedia is the aperture diameter. Tol is the soldermask positional tolerance. 7 December 2005
-15- C is the trace clearance, to ensure that the solder mask covers the trace. N ig }Qg %Fép%%

. . . C .
traces required and intervening spaces between the totgl,number of traces. 5 For example, applying

Equation 2 to two {rac ing between two NSMD,.solder ball pads, as shown in EIGS..6A and 6B, the
Soncing may be U T AT A KA KRR D AR,
C=.030 mm N = 3dfpetwo dedves: andortalipedlening spacadratateemtracktsy &0 putter80@,ram-2.050

mim-2.030 mm d HSMB 12 2 AN 053 I Releing ack EIGS, 28 a1 85, 1he 8PS
substrate 40 of the presen]f mvention may offeriincreased spacing distance between dlaments tormed

on the surface of SIMI2®Elsbsuthteauhemggmahpared to the SMD substrate 10 or the NSMD substrate 11
ool b o s o o, el B 5 BmploR e e e bor
for a BPS solder ball pad layer 60 of the present invention wherein the solder ball pad
layer 60 comprises optional interface layer 38, copper layer 48 as well as solderability
enhancement layer 18, but is shown as a single layer 60 in FIGS. 7A through 7L for
clarity. FIGS. 7A and 7B show embodiment 99 including a solder ball pad layer 60
10 configured generally in a circular area wherein the solder ball pad layer 60 includes an
aperture 82 therethrough, exposing area 90 of terminal pad 41. Area 90 may include a
solderability enhancement layer 18, although this is not shown for clarity. Thus, a solder
ball attached to the BPS solder ball pad embodiment shown in FIGS. 7A and 7B may be
affixed to the mounting pad 36, mounting pad 36 comprising area 80 of solder ball pad
15  Ilayer 60 including side surface 71 and exposed area 90 of terminal pad 41.

FIGS. 7C and 7D show embodiment 101 including a solder ball pad layer 60
wherein solder ball pad layer 60 includes a terminal aperture 82 exposing area 90 of
terminal pad 41. In addition, scallops 73 are formed circumferentially about area 80 of
solder ball pad layer 60. Scallops, fingers, spokes, or other laterally extending shapes may

20  be advantageous to increase the surface area of attachment for a solder ball, as well as
provide additional vertical surfaces for attachment of a solder ball thereto.

For example, FIG. 7E and 7F show embodiment 103 including a solder ball pad
layer 60 having a terminal aperture 82 exposing area 90 of terminal pad 41and extending
elements 81 configured as radially extending elements generally symmetrically arranged

25  about aperture 23.

Also, as discussed hereinabove, since the centroid of the mounting surface of the
solder ball pad influences the position of the solder ball, by employing the solder ball pad
of the present invention, the solder ball pad layer 60 may be tailored to position solder
balls as desired or to correct for inaccuracy in the placement of apertures in the solder

30  mask 20. More specifically, in the case where solder mask placement is less precise than
solder ball pad layer 60 formation, the solder ball pad layer 60 may be used to correct
variances in the solder ball mask aperture placement. Thus, each aperture in a solder

mask 20 could be measured against a desired placement, and then the solder ball pad



than the SMD mounting pad 28 and/or the NSMD mounting pad 28’ sizes. In addition, the BPS
substrate 40 of the present invention may offer increased 25 flexibility in design and improved bonding
configurations. For instance, a BPS solder ball pad layer may be configured to further increase the
surface area for attaching a solder ball thereto. More particularly, a BPS solder bglb@g%#ggg@gy be
configured with scallops, radially extending fingers, apeytures, or otherwise geometrically configured

loincrease the syrface areqAtimprave fhebanding,chafacteristics of g solder ball comnedtion thereto.
30 Further, a BP Loider Ba pa ]IaPyer mayqbe configure %0 expose a portion o theteymimal pad for
connection to a sptaertd&imoomditatioddeitbathpaddiger 6iltloonapatioe 2BifasedtnaiDeecember 2005

of the BPS solder,ball pad layer. Additionally, as patterning,of metal specifically ¢ er, to define
D aoldor ball oac FanRRc BHSE 0 iR SRR Qe A Rl R e RO
offers superior pasgitioldat baitl1sjze ¢oteretnd escasloghpaddrtoae] S MD sdidebdbfiach byating pad. 5

FIGS. 7A through 7L show different embadiments 101, 103, 105, 107,and 109 for a BPS.solder
ball pad Fyes 60 SF Bt PSR IS S harthe ordyt Bl Rl B ol hERUTRED
interface layer 38oqappemlayetdds tadl well desissl gosdimiity Fenmaroeem &stlapétiod, fmkdsvshown as a

single layer 60 in FIGS. 7A through 7L for clarity. FIGS. 7A and. 7B shpow embodiment 99 including a
Solder bal pad oSS 0g £ A Bl B B R RO B o lnyer 60
includes an aperttirelB2ethefethnddigthabxpdsimg dresadioipermiral phd sbldektedl 90anhayl thetelde a

solderability enhancementlayer 1 ugh this is n ts[g%wn ar.clarity,Lhus, a.sglder, ball attached
to the BPS solder ball pei,zilid&T egr'n@‘%éﬁ%ﬁ %ﬁgy/v%rrllhofig%‘t and l}%%l%gyﬁ Bg Saglfﬂgre%a(ﬁ)pt%de mounting
pad 36, molibtingpaiic8sicomy iy arasigtcofisolbeioatiyiplc Htatree 60 inc doimgdideddeface 71

and exposed areq $008 tea! AR P c0f IR Shamemhedinenjof ndluion g solder

ball pad layer 60 wherein so layer es a terminal aperture 82 exposing area 90 of
terminal pad 41. thuadudiensi mCitopsta areafof pitgloirenimfersoldatihab clperters ST/ giresbielen ball pad

o S A Bl DAl g
FIGS. 71 and 7J show embodiment 107 including a BPS solder ball pad
15  configuration of the present invention where individual regions 93, 95, 97, and 111 of
solder ball pad layer 60 as well as the exposed area 90 of the terminal pad 41 form the
mounting pad 36. Therefore, an attached solder ball will be affixed to areas 80 and 90 as
well as side surface 71 and the side surfaces of regions 93, 95, 97, and 111. Such a
configuration may be advantageous to provide more surface area for solder ball
20  connection.
Many alternatives are possible, and the present invention is not limited to any one
configuration. Individual solder ball pad layer 60 areas in combination with terminal
pad 41 areas may form a mounting pad 36. Although the present invention has been
described herein as generally configured with a solder ball pad layer 60 that conforms to
25  the solder mask, thus creating a vertical depression consistent with the aperture 23 in the
solder mask 20, the vertical surface of the solder ball mounting pad 36 may be tailored as
desired. For instance, it may be advantageous to form the solder ball pad layer 60 so that
it is substantially planar on its top surface. Conversely, it may be advantageous to create a
vertical depression or tailor a vertical depression so as to create increased surface area or
30  to promote bond strength or bond characteristics thereof.
FIGS. 7K and 7L show embodiment 109 including a BPS solder ball pad
configuration of the present invention where solder ball pad layer 60 forms areas 80 and

includes aperture sections 113 that expose respective areas 90 of terminal pad 41. Such a



provide additional vertical surfaces for attachment of a solder ball thereto. For example, FIG. 7E and
7F show embodiment 103 including a solder ball pad layer 60 having a terminal aperture 82 exposing
area 90 of terminal pad 41 and extending elements 81 configured as radially extending elements

generally symmetrically arranged 25 about aperture 23. Also, as discussed hereiz%%[%b%lgﬁfo%e
centroid of the mounting surface of the solder ball pad_influences the position of the solder ball, by

employing the solder.ball pad _of the present invention, the solder ball pad layer 60 may be tailored to
ostion soider BT B AR B P ey eSSl soicer
30 mask 20. Moreodpdifidadyréastie casellvhgresdider magiopiacenadiil is tesspigeidd tharhusolder

ball pad layer 60 formation, the er ball pad l[a er 60 may be used to correct .yariances.in the solder
pall mask apertur S R e e e S R R St RIEERLS agaimst
desired placemendyanaDtimerpthia soice midlbpad of RecembsEd2005 -17- layer 60 could be displaced in

order to correct for the dgviation. Correcti y 0 or 1o formati f the solder ball pad layer
50; this, apeiure 23 paS o T B s S o A P S B R e
substrate and thdpdshinratiog shéder duil tastarcoor e€tbd presordimgiytidites dapiosdd, ithEl6SIdbA bad pad

layer 60 of 5 eachmountin d may be for nd then the sol(asr ball pad layer 60 may be modified
1o postion a soldeb ol B B B B e
removal processesterfayeleyasas nmy dleapividyd medifyldeeranga 26f andtashrymmtuod 33sdijewalifpad, and
thus adjust placement of a solder ball attached. theretg. FIGS. /G and 7H show emF iment

inclucing 2 BbS SSUPE AT Sac i th s Balghes e AL S AR 0. 7
are formed i solded 3380 pachiayleblB0rapéitokes [ At Etdvppealiar, balhtectitachliwethe weetical sides

th f, thus increasing.t .aft . 9.50l | 7 h
rel, e eI R MR A LRSI LA o
show embodimemad @ ixglosticd thepBPSpuider balthsadle s dbrfigotdtionok P jeiegeptpvenddi where

individual regionsaﬁ’é;fﬂ%ﬁotaébﬁ%@a} Liphsolgebhal Rk S es Adas WithASr e ShRRedAlsa 90 of

the terminal pad 41 form
aperture 23. An electroplated copper layer 48 may then be formed over interface layer 38,

15  followed by electroplating of a nickel layer 18a and a gold layer 18b together comprising
solderability enhancement layer 18, all as shown in FIG. 8B. It is also contemplated that a
metal interface layer 38 may be applied by stencil printing, followed by electroplating of
the copper, nickel and gold layers.

Referring to FIG. 9 of the drawings, an optional interface layer 38 to enhance

20  adhesion to the solder mask 20 may be applied in the form of a nonconductive epoxy such
as the aforementioned HYSOL®EO1073 and EO1075 compounds or other suitable
polymer by stencil printing over the top surface of solder mask 20 surrounding
aperture 23, leaving the exposed area of terminal pad 41 and the sidewalls of solder
mask 20 defining aperture 23 free of material

25 In lieu of the use of a conductive or nonconductive polymer as an interface process
flow may proceed along several different paths. Referring to FIG. 10A, a “coverlay”
element in the form of a dry film photoresist 100 (positive or negative) may be applied
over solder mask 20, patterned by exposure to a required wavelength of light through a
mask, developed, and portions of the dry film surrounding and extending into aperture 23

30 removed to expose terminal pad 41 and define annulus 102 surrounding aperture 23. If a
nonconductive polymer has been used for adhesion enhancement to solder mask 20, it
may already be present on annulus 102. As shown in FIG. 10B a copper seed layer 104,

which may comprise a metal interface layer 38, may be electrolessly plated over the dry



mounting pad 36. Therefore, an attached solder ball will be affixed to areas 80 and 90 as well as side
surface 71 and the side surfaces of regions 93, 95, 97, and 111. Such a configuration may be
advantageous to provide more surface area for solder ball 20 connection. Many alternatives are
possible, and the present invention is not limited to any one configuration. Individy? %Q%Jﬁ%% ad
layer 60 areas in combination with terminal pad 41 areag,may form a mounting pa 6. Alt ough the

present inventionﬁ‘l%rqﬁ? Been d‘?sa%ﬂbed her%in genera % { onfigure V(‘)’EE‘OE‘ gplder.b Il gﬁgffayer 60
e a

t t
that conforms to Solger masl1<r,1 {thif Crea |ng08‘(%lrlf AEPressiBn consistent with the dperture

23 in the solder mhsk 2&;dheyaertigabsanfacenafdbe dotuepbaihgnodedingl pBuly3o makdia¢sioted as

desired. .For InSt%Q%?éﬂt%m? e%eo r}{gc 1a ga &SotrocL%Elr{llcgiF %cs)llggeg\xpna ynQﬁlg allqyreerngso%f?lgg Uv‘f%‘ﬁ ikt.thse
substantially planar on its top surface. Conversely, it may-be advantageous to create’a vertical

depression or tailoveal yagicaprie presisionngatasctppre kg ikt eaged syt facearda oap8due Pdomote

bond strengtg or bond ﬁharacteriﬁticsqtgfgggféxﬁé%;ﬁﬁ7 and 7 sh(}\%/ embolﬂiment JﬂQQ including a

BPS solder ball p%)él %Cor?ﬁéﬁ%an Bine present iInven lon where solder bal %ra(a/?éye? t§8 Orms areas
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7 December 2005 configyration may proyide additional surface area angd.vertical sidewall attachment
of . solder ball S L S e e S P e
mounting pad 36 aidthenprlesethicisveacitionofra)deo haplrisetanterspofl Solde slvalinpad 18y OBO in
combination with areas g igrminal Rad A BREIeMING AAN 0. B4 ad 8, oh e, diapinds, & first
exemplary process flow 1or fabri ating th Jnventive structure of the pre’sent?nvention as depicted in
FIGS. 3A antl 3B ddyithestretethcAkptrodbrnint Fhaws Amayde ypdredondakstivenash2giveaforraing optional

interface layer 38 $ @%ﬁ%@%% af Sl %ﬁ‘ﬁ épéass‘é,%%t%%‘% wéﬁ O%R%Eu%% g%chfvgggg%% example only,

suitable conductive po ynl1 rm of isotropic epoxy adhesives 10 an are available
from Henkel LoctitenGorhesiatiomi«Cionnbotcdt, Thelpoiyiess cimpefderctalyky 8@itapdeiagiblied by
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solder mask 20 defining aperture
aperture 23 and over the exposed portion of terminal pad 41. A coverlay element in the

15  form of a dry film photoresist 100 (positive or negative) may be applied over solder
mask 20, patterned by exposure to a required wavelength of light through a mask,
developed, and portions of the dry film surrounding and extending into aperture 23
removed to expose terminal pad 41 and define annulus 102 surrounding aperture 23 and
exposing a portion of electroless copper layer 104, as shown in FIG. 11B. Copper may

20  then be electroplated onto the exposed copper in annulus 102, over sidewalls of solder
mask 20 defining aperture 23 and onto the exposed portion of terminal pad 41 to complete
copper layer 48, as shown in FIG. 11C. Nickel layer 18a and gold layer 18b may then be
electroplated to form solderability enhancement layer 18, again as shown in FIG. 11C.
Dry film photoresist 100 may then be stripped off mechanically or chemically, as known

25  in the art, and the underlying electroless copper layer 104 removed by a soft etch
comprising an alkaline ammonia solution to complete the fabrication of solder ball pad 36,
as shown in FIG. 11D.

Although the foregoing description contains many specifics, these should not be

construed as limiting the scope of the present invention, but merely as providing

30 illustrations of some exemplary embodiments. Similarly, other embodiments of the
invention may be devised which do not depart from the spirit or scope of the present
invention. Features from different embodiments may be employed in combination. The

scope of the invention is, therefore, indicated and limited only by the appended claims and



and the top horizontal surface of solder mask 20 to form a collar of the polymer around aperture 23.
An electroplated copper layer 48 may then be formed over interface layer 38, 15 followed by
electroplating of a nickel layer 18a and a gold layer 18b together comprising solderability
enhancement layer 18, all as shown in FIG. 8B. It is also contemplated that a mef%égg%%(l;%&ger 38
may be applied by stencil printing, followed by electroplaing of the copper, nicke gold layers
Referring to FIG. 9 of the drawings, an nal interface 8 ta nhan dhesijon to the
solder mask 20 rﬁ%%/rbleegglp% |ue1da|nrﬁ1érflor ?h?n %ﬁlc;}rﬁaﬂ&(%{ 56%“ lé)ﬁlch&lgs#ug a or(elorrlg(li-%-lr(l)tn oned
HY SOL(r)EO107 3ndndod i@ bns sonpo umds oo thsati sulitsdol e paly mbich yadt enidilprinatingpoiner dink top
surface of solder m(gsk %%suiroundlng eeerrtn reaCZé’:’» eav%yg the exposed area of terminal pad 41 and
the sidewalls of sol0er “mask %naeafmng ape ure ff6&of material 25 In lieu of the use of a
conductive or nonconductive polymer as an interface process flow may proceed along several
different paths. Referring to FIG. 10A, a "coverlay” element in the form of a dry film photoresist 100
(positive or negative) may be applied over solder mask 20, patterned by exposure to a required
wavelength of light through a mask, developed, and portions of the dry film surrounding and extending
into aperture 23 30 removed to expose terminal pad 41 and define annulus 102 surrounding aperture
23. If a nonconductive polymer has been used for adhesion enhancement to solder mask 20, it may
already be present on annulus 102. As shown in FIG. IOB a copper seed layer 104, which may
comprise a metal interface layer 38, may be electrolessly plated over the dry 19 7 December 2005 film
photoresist and into aperture 23, covering the exposed portion of terminal pad 41, which seed layer
may be augmented by electroplating if desired. Dry film photoresist 100 is then stripped off
mechanically or chemically as known in the art, removing with it the overlying copper and leaving the
copper layer 48 within and surrounding aperture 23 5 contacting terminal pad 41 and extending from
aperture 23 as a collar over the top surface of solder mask 20, as shown in FIG. IOC. A nickel layer
18a and a gold layer 18b may then be electroplated onto the copper layer 48 to form solderability
enhancement layer 18 and complete the structure of solder ball mounting pad 36 as shown in FIG.
10D.



In another process sequence and referring to FIG. 11A, an optional nonconductive 10 polymer
interface layer 38 (not shown) may be applied to solder mask 20 in an area surrounding aperture 23.
In either case, with or without the presence of optional nonconductive interface layer 38, an
electroless copper layer 104, which may itself comprise a conductive interface Ia}/%e%%h@%é?&
applied over solder mask 20, into aperture 23 and over §he exposed portion of terminal pa A
coverlay element in the 15 form of a dry film photore(?'it S(positive or negative) may be applied over
solder mask 20, patterned by exposure to a required wavelength of light through a mask, developed,
and portions of the dry film surrounding and extending into aperture 23 removed to expose terminal
pad 41 and defin%gplulu%lo ssurrounding aperture 23 and exposing a portion of electroless copper
layer 104, as shown In HEMTE! Copper may 20 then be electroplated onto the exposed copper in
annulus 102, over sidewalls of solder mask 20 defining aperture 23 and onto the exposed portion of
terminal pad 41 to complete ¢ rlayer. 48, as shown in FIG. 11C. Nickel layer. 18a and gold layer
T8b may e be.slect tplatec L Gofaar iy i dsct e B B A
C. Dry film photaresistd0etnsigithdrrbensthippddtofferoenhasicglly or chemically, as known 25 in the
art, and the underlying %IS ettr?lo S %@R’%rnll% er 104 removed by a soft etch comprising an alkaline
ammonia solution to comp &te the tabrication of Solder ball pad 36, as shown in FIG. 11D. Although
the foregoing description wetildmsmdehyispe téicsnahpséishoeddnetsbeaconkthasbeas limiting the scope
of the present invention, but merely as providing 30 illustrations qf some exemplary,embodiments.
Simatly, omer embodriL Ay TSR B BT 0 SRR MDA
scope of thé (presehichimemtion oF dettemsifrd prdiiffergntainbodiments may be employed in
combination. The scop g i ion | refore, indicated and limited only by the appended
claims and 7 Decembergz%gé %égyﬁlgi%?élgpe{f%%%ivalents, rather than by the foregoing description. All
additions, deletions, and modifideaitesceltsaateselntidaicd saipotdaes fvened owdriehlfast withinaine

meaning and  scope of g}eth%l aé%%s%EFp%Po% %Flﬁé’ﬂ‘&%ﬁt&%%%x@&dmg up a sidewall of the aperture
and over a portion of the insulative mask adjacent to the aperture; and
15 at least one electroplated layer formed substantially over at least a portion of

the at least one electrolessly plated copper layer.

2. The substrate of claim 1, further including an interface layer formed over
the at least a portion of the exposed portion of the terminal pad, over the sidewall of the
20  aperture and over the portion of the insulative mask adjacent to the aperture and disposed

between the exposed portion of the terminal pad and the bond pad layer.

3. The substrate of claim 1, wherein the bond pad layer comprises at least one
metal layer including at least one of an electroplated nickel layer and an electroplated gold

25 layer.

4. The substrate of claim 3, wherein the at least one electroplated metal layer
formed substantially over at least a portion of the at least one electrolessly plated copper
layer comprises a plurality of metal layers comprising the electroplated nickel layer formed

30  over the at least a portion of the at least one electrolessly plated copper layer, and the

electroplated gold layer formed over at least a portion of the electroplated nickel layer.



CLAIMS What is claimed is: 7 December 2005 5 1. A substrate for an electronic device configured for
mounting a discrete conductive element thereon, the substrate comprising: a sheet of insulative
material; a metal layer defining a terminal pad formed on a surface of the sheet; an insulative mask
extending over the sheet and having an aperture therein through 10 which a portipﬁe%};%: I;%jﬁgwal
pad is exposed; and a bond pad layer comprising: at Ie_afé one electrolessly plated copper?ayer
formed over at least a portion of the .exposed portion of the terminal extending up a sidewall of
the aperture and over ag)i:)ortior?1 {?)ef %ﬁ%sﬁlr%s%fa{?f\%rpn;s %§é?é%%ﬁﬁ£%“§1§a§p% Lrjtgé);m r'f% Ny t;i‘alte ?ga%?eone
electroplated layendailrhagdr sudsstisintiglyobiee pad [Baginarpordoducivtheatiehst one electrolessly plated
copper layer. 2. The substrate of claim 1, further including an interface layer formed over the at least a
portion of the exposed portion of the terminal pad, over the sidewall of the 20 aperture and over the
portion of the insulative fnask ddjacebittattind dpentbyrelzreidibpbsed pbé e cdmpreseyosad thantion of

the terminal gad %ggltahe bo drgad Iaé{er. 3. The supftratet%claim JE W ere(l;lg the.bon%%?éjblayer

. CIS wWnereln an CTINO0S ctal Jayer o € mqre than two CIS 1 (S
comprises at least oney metal layer m(%cﬂ]r}g at leas gne or an elec roplgfe ICf(eﬁ Y:'Iiyer and an

electroplated goldoRriaye polymbrcswbdtratecohalainl. 3, wherein the at least one electroplated metal
layer formed substantially over at least a portion of the at least one electrolessly plated copper layer
comprises a plurality of metal layers comprising the electroplated nickel layer formed 30 over the at
least a portion of the at least oddetebstolessiylpisatddvdopperdaydacanativd tiedomd piatdaygold layer

formed over at Ielaa§ a Hé)rtion of the eleg%rt%eIg)’gggs&iickgljt.@ﬁlgf.tgeI't)ecempeaf d.2005 -22- 5. The substrate

. dan a Su C drcad crimina
of claim 1, wherein ond pagﬁayer comprises at feast one metal layer wettable by solder or a

polymeric cbhductive material.
8. The substrate of claim 7, wherein a surface area of the bond pad layer is

about 0.05 square millimeters or larger.

9. The substrate of claim 1, wherein a surface area of the bond pad layer is

15  larger than a surface area of the terminal pad.

10. The substrate of claim 9, wherein a surface area of the bond pad layer is

about 0.05 square millimeters or larger.

20 11. The substrate of claim 1, wherein the bond pad layer partially covers the

exposed portion of the terminal pad.

12. The substrate of claim 11, further comprising a solder ball attached to the
bond pad layer and the exposed terminal pad.
25
13. The substrate of claim 12, wherein the solder ball is attached to a side

surface of the bond pad layer.

14. The substrate of claim 13, wherein the solder ball is attached to a portion of

30  the bond pad layer extending over the insulative mask.

15. The substrate of claim 12, wherein the solder ball is attached to a portion of

the bond pad layer extending over the insulative mask.



6. The substrate of claim 5, wherein the bond pad layer comprises more than 5 two layers wherein an
uppermost metal layer of the more than two layers is wettable by solder or a polymeric conductive
material. 7. The substrate of claim 1, wherein a surface area of the bond pad layer is larger than a
surface area of the exposed portion of the terminal pad. 10 8. The substrate of cl '@e%e}g(gglrg%g
surface area of the bond pad layer is about 0.05 squar_ezg[illimeters or larger. 9. The substrate of claim
1, wherein a surface area of the bond pad layer is 15 larger than a surface area of the terminal pad.
10. The substrate of claim 9, wherein a surface area of the bond pad layer is about 0.05 square
millimeters or larger. 2016. TheBwbsivstatobEldinmll, wiherein ttedahpagd daly tayenpdrtedyl y oevens the
exposed portion (3(1)‘ thgr%grm(i)?ﬁlléot%d. 1%1 Tgpde substrate of claim 11, further comprising a solder ball
attached to the bond paaﬁayer and the gxp'osed terminal pad. 25 13. The substrate of claim 12,
wherein the solder ball is attached to a side surface of the bond pad layer. 14. The substrate of claim
13, wherein the solder ball is attached 1o .a portion 0.the bond.pad layer extending over the
inaulative mask. 15. The Cubate S Aan S e oy SRR QTS e
bond pad layer ektenldind loyar the insulative mask. -23 7 December 2005 16. The substrate of claim 1,
wherein the bond pad layer completely covers a top surface of the terminal pad. 5 17. The substrate
of claim 16, further comprising a solder ball attached to the bond pad layer. 18. The substrate of claim
17, wherein the solder bl is athchestata sidgkisutiacdatthehbendgdallayettached to a side

surface of the bond pad layer.
10
19. The substrate of claim 18, wherein the solder ball is attached to a portion of

the bond pad layer extending over the insulative mask.

20. The substrate of claim 17, wherein the solder ball is attached to a portion of

15  the bond pad layer extending over the insulative mask.

21. The substrate of claim 1, wherein the bond pad layer is substantially

circular and has a diameter of about 0.33 millimeter or larger.
20 22. The substrate of claim 1, wherein the aperture is substantially circular.

23. The substrate of claim 22, wherein a centroid of the bond pad layer

substantially coincides with a desired solder ball position.

25 24. The substrate of claim 23, further including a solder ball attached to the
bond pad layer.
25. The substrate of claim 1, wherein the terminal pad has a lateral extent less

than a lateral extent of the bond pad layer.
30



10 19. The substrate of claim 18, wherein the solder ball is attached to a portion of the bond pad layer
extending over the insulative mask. 20. The substrate of claim 17, wherein the solder ball is attached
to a portion of 15 the bond pad layer extending over the insulative mask. 21. The substrate of claim 1,
wherein the bond pad layer is substantially circular and has a diameter of about g%%%HWeégbgr
larger. 20 22. The substrate of claim 1, wherein the ap@%gr_e is substantially circular. 23. The substrate

of claim 22, wherein a C8 troid ftlgtﬁolzggdffpaqnla er bséckjra et%\rtiaall | gc[)}nc{g gVV\(/:iéh angelsl}%%sfolder ball
position. 25 24. The subsStrate of claim 23, urther nclu Ing a solder ball attached 1o the bond pad
layer. 25. The subsinateghclaimne®,conbraindbletemnihalepac-bap@siageral extent less than a lateral
extent of the bond pad Ialyer. 3024.7 ecember 2005 26. A method of forming a substrate for an

. . . 0\8(,}1nrg a sheet of msulative {naten : e
electronic device conflgBre Or° mounting a discrete conductive element thereon, comprising:
providing a sheet of institanregrateridlajormehgiagnetabiaybpaisfiningudaternfitiel shaet,on a surface of
the sheet; 5 forming an Pwsulative ma E.over tt’ke she th%\vin an apertur% thelhein.e>%posin a portion
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of the terminal pad; and ?orrﬁrllﬁga%l on IB%HI fleslyé)r\:e\fv erelﬁe];orar}’ﬁ%%atlllwgpgoﬁfﬂ)a ayer coniprises:

forming at least gmetelecirdle ssiyipldtpadicapber layer onto at least a portion of the exposed portion of
the terminal pad, extenqm ovegt?a?#gﬁ#nll of th aperfure. I;.Otﬁnlgioo(gllt}% glgortlon of the insulative

. O 1 ayer, Whercein n a €T CO T1SES.
mask adjacent to the aperture% an at'least one elec opﬁate eta yIayerr?grmed over at least

a portion of the at least one electnolgsslieplated deppdesdy eta@d copreniattrochf al Eimst 2 0ftther
comprising, prior to formjpg the %%‘9&%%&%‘%%%&%%1‘8 INISHE PSRN T
portion of the exposed portion of the
10 and onto a portion of the insulative mask adjacent to the aperture; and
forming at least one electroplated metal layer formed over at least a portion

of the at least one electrolessly plated copper layer.

27. The method of claim 26, further comprising, prior to forming the bond pad
15 layer, forming an interface layer over the at least a portion of the exposed portion of the
terminal pad, over the sidewall of the aperture and over the portion of the insulative mask

adjacent to the aperture.

28. The substrate of claim 27, wherein forming the bond pad layer comprises

20  forming at least one metal layer wettable by solder or a polymeric conductive material.

29. The method of claim 26, wherein forming the at least one electroplated
metal layer comprises forming at least one of an electroplated nickel layer and an
electroplated gold layer.

25

30. The method of claim 29, wherein forming at least one electroplated metal
layer over at least a portion of the at least one electrolessly plated copper layer comprises
forming an electroplated nickel layer over at least a portion of the at least one electrolessly
plated copper layer and forming an electroplated gold layer over at least a portion of the

30 electroplated nickel layer.



terminal pad, over the sidewall of the aperture and over the portion of the insulative mask adjacent to
the aperture. 28. The substrate of claim 27, wherein forming the bond pad layer comprises 20 forming
at least one metal layer wettable by solder or a polymeric conductive material. 29. The method of claim
26, wherein forming the at least one electroplated metal layer comprises formingﬁbge%%b%gl%gsan

electroplated nickel layer and an electroplated gold Ia)g5 25 30. The method of claim 29, Wherein

forming at least one elegtlr_opla denr?SEﬁ\(l) dl%}zef over at least ! éﬁ){tioq of the at I(??st one electrolessly

plated copper layer comprises forming an efeacprlop(?atvécf Hicke alﬁlgr %‘:’/g(r)%q féast }éerp%?{%)ﬁl Ot the at

least one electrol&ssingiateppeoppe elaytesamdd oremhbyyn hlectroptatedd goidllkyer oyetabdeast a
portion of the 30 elegctrgglateq ni(ikel layer. 25 7 December 2005 31. The method of claim 30, wherein
nauctve maliteria

forming the bondcﬁa uIayer comprises forming an uppermost electroplated metal layer that is wettable

by solder or a polymeric conductive material. 5 32. The method of claim 26, further comprising

forming a cogductive tra3f2e on "Il-l'}% rsnlégl%(aeop(fsltar%e % ?F 3. The meth?d of claim 3 UICsé/herein forming

L.
the conductive trace comprises forming a conduc |vel¥}tagrect%r3¥)%§(lpe%1(%l?rlg%atﬁ%n erm‘lfr?a{ aﬁg(?.nlo 34.

The method of cldies@bawivétbasherming the bond pad layer comprises forming a plurality of

individual bond pad layer regions, each individual bond pad layer region electrically connected to the
terminal pad. 15 35. The method of claim 26, further comprising attaching a solder ball at least to the
bond pad layer. 36. The3methobhefratalior 3% clahe Einvettaghifigraisgltie cbadbati Ve dstctoctimepbiserd  pad

layer comprises qifaching (B Rl Rl iR.AWIAcEShIBE teiming Rgd. 20
10
34. The method of claim 26, wherein forming the bond pad layer comprises
forming a plurality of individual bond pad layer regions, each individual bond pad layer

region electrically connected to the terminal pad.

15 35. The method of claim 26, further comprising attaching a solder ball at least
to the bond pad layer.

36. The method of claim 35, wherein attaching a solder ball at least to the bond
pad layer comprises attaching the solder ball to a surface of the terminal pad.
20
37. The method of claim 35, wherein attaching a solder ball at least to the bond
pad layer comprises attaching the solder ball to a surface of the bond pad layer within the

aperture.

25 38. The method of claim 37, wherein attaching a solder ball at least to the bond
pad layer comprises attaching the solder ball to a surface of the bond pad layer lying on

the sidewall of the aperture.

39. The method of claim 38, wherein attaching a solder ball at least to the bond
30  pad layer comprises attaching the solder ball to a surface of the bond pad layer extending

over the insulative mask.



37. The method of claim 35, wherein attaching a solder ball at least to the bond pad layer comprises

attaching the solder ball to a surface of the bond pad layer within the aperture. 25 38. The method of

claim 37, wherein attaching a solder ball at least to the bond pad layer comprises attaching the solder

ball to a surface of the bond pad layer lying on the sidewall of the aperture. 39. Tt*ﬁﬁ@é}ﬁ g
c

g ofpiaim
38, wherein attaching a solder ball at least to the bond_%% pad layer comprises attaching t e solder

ball to a surface of the bpnd pad layer, extepdin the insulative mask. 26 7 December.2005 40.
The mathod of claim 26 Harthel K g s o e AT Rg e
insulative mask. 4k apeeurtetihte ofsclaiive4faskherein forming the bond pad layer comprises 5
adjusting a formation position of the bond pad layer according to the measured lateral position of the
aperture in the insulative mask. 42. The method of claim 41, wherein forming the bond pad layer
comprises adjusting a eédntroidlbé thetloahol phathiaie maecondimgnio g tie: inaaksprinig e tapraeposition of
10 the apertyre in e insulative, madks A3\ meac.of laim A2, whereinadiusing ine gentroid of
the bond pa Iayeﬂ com%nses removing a portion o He oP{drpa(ﬂay af'fer it has been formed. 15
44. The method glosiaim &Bhevipersire forthingsidetinetadslayer defining the terminal pad comprises
forming the terminal pad to a lesser lateral extent than a lateral extent of the bond pad layer. 45. The
method of claim 26, wherein forming the bond pad layer includes 20 forming a substantially circular

bond pad layer having &diametée ofehalioO:BEmatlliméteeirofoanger thichofldegpaddtlyedcofmplass 26,
wherein forming the hond pad.layer (s rming. a surface area of the bon layer to be
ot 05 square B S R AR R IR o
layer comprifes the aperture in the insulative mask.

43. The method of claim 42, wherein adjusting the centroid of the bond pad

layer comprises removing a portion of the bond pad layer after it has been formed.

15 44. The method of claim 26, wherein forming the metal layer defining the
terminal pad comprises forming the terminal pad to a lesser lateral extent than a lateral

extent of the bond pad layer.

45. The method of claim 26, wherein forming the bond pad layer includes
20  forming a substantially circular bond pad layer having a diameter of about 0.33 millimeter

or larger.

46. The method of claim 26, wherein forming the bond pad layer comprises

forming a surface area of the bond pad layer to be about .05 square millimeter or greater.

25
47. The method of claim 26, wherein forming the bond pad layer comprises
forming the bond pad layer having a surface area larger than a surface area of the terminal
pad.
30 48. The method of claim 26, wherein forming the bond pad layer comprises

forming the bond pad layer having a surface area larger than the exposed portion of the

terminal pad.



forming the bond pad layer having a surface area larger than a surface area of the terminal pad. 30
48. The method of claim 26, wherein forming the bond pad layer comprises forming the bond pad
layer having a surface area larger than the exposed portion of the terminal pad. 7 December 2005
-27- 49. A method of forming a substrate for an electronic device configured for r’gcgl%téﬁ%gr%&er ball
thereon, comprising: providing a sheet of insulative maj[ezn}ql; forming a metal layer defining a terminal

pad on a surface of the sgeet; & fouping, s nsulative mask ever,he shost faving an.aperiyre therein
exposing a portion of the terminal pad; disposin 4 eohdiicave polymer or a’layer comprising metal
over the exposednpuontiop ofdhlertbathihalepadsovprsigewalls of the aperture and over a top surface of

the insulative mask surrou\qghrl] at(:\%ﬁeap&rggsrﬁa Ognllgtgomlng a bond pad layer by sequentially

. . pro .
forming, by electroplatlr%, laye copper, nickel, andlgmd onto the conductive polymer. 50. A
method of forming a sulfstraitez fomemiglectrdofmae\vicercomdl gurbehfasunfmentingealseider ball thereon,
comprising: 355 providinq a sheet of in%ltlll\gtive ng%'{,%rfiall'bfscflrmi%g a metal L&}/&E gltleé‘rigiirqua terminal pad

on a surfaceof the sheegr%lrrgﬁi%%lg%umsufiéﬂ%e mask over ?he Sheéet ht ving an apertu & therein

exposing a portigargbthe teerremainpbpkdtencil printing a conductive polymer or a layer comprising

metal over the exposed d12s0 Ooortlgréocgdtuggri]terminal pad over sidewalls of ép? i?urgxangegver atop

aper
surface of the insulative mask surroundi \ée %ye{?)%r?afae;agﬁrdc ?cr)rrl%rllrsllgr;l%\%o%do p%r gyeP%omprising at

least one metal |appetianod tretgondalgiive opolyreralls @ 1hdapeetivo drof doemingpaswiibstidithdor an
electronic dewceiﬁcsnlﬂgg%e aggrsurlnr untin t%es%ggﬁrgggntgereon, comprising:
10 forming a bond pad layer by sequentially forming, by electroplating, layers of

copper, nickel, and gold onto the conductive polymer.

50. A method of forming a substrate for an electronic device configured for
mounting a solder ball thereon, comprising:
15 providing a sheet of insulative material;
forming a metal layer defining a terminal pad on a surface of the sheet;
forming an insulative mask over the sheet having an aperture therein exposing a
portion of the terminal pad;
stencil printing a conductive polymer or a layer comprising metal over the exposed
20  portion of the terminal pad, over sidewalls of the aperture and over a top surface of the
insulative mask surrounding the aperture; and
forming a bond pad layer comprising at least one metal layer onto the conductive

polymer.

25 51. A method of forming a substrate for an electronic device configured for
mounting a solder ball thereon, comprising:
providing a sheet of insulative material;
forming a metal layer defining a terminal pad on a surface of the sheet;
forming an insulative mask over the sheet having an aperture therein exposing a
30  portion of the terminal pad;
electrolessly plating copper over a top surface of the insulative mask, over sidewalls

of the aperture and over the exposed portion of the terminal pad;



providing a sheet of insulative material, forming a metal layer defining a terminal pad on a surface of
the sheet; forming an insulative mask over the sheet having an aperture therein exposing a 30 portion
of the terminal pad; electrolessly plating copper over a top surface of the insulative mask, over
sidewalls of the aperture and over the exposed portion of the terminal pad; 28 7 I;%:e%rg}ﬁg &%ﬁ?
forming a dry film resist over the insulative mask exposing the aperture and an area ot the insulative
mask about the aperture; eIectroHIatH]ﬁl?elsa}g/terVgﬁ {ﬂigkrtlasluxivittl%n rrtlheka(%;))(e(r)tsl,llrrle ﬁ\jréd over the (%rcl)osed area
of the insulative mask; ar%ng%?e(:Wop ating aqayer 0 goa over the aliler nickel. 52, e method of
claim 51, further ecmpfigiaghelbctvoplatkgbalatteraptgopper within the aperture prior to electroplating
the layer of nickel. 10 53, The method, of claim 51, further.comprising removing the dry film resist. 54.
The method of claim 51 FB B g B e e e R B or
area of the insulativelanaskngskrandding the aperture before electrolessly plating the copper. 15 55. A
method of fogming a su%ﬂrs rte fotgnan ?Ieg}rg i%1 %\‘/,ié:eﬂgeolgfigru(g?g.g%rl mounting a solder ball thereon,
comprising: providing a sheetiof insulative m§ter|al; ormm& a meta ‘iayer defining a terminal pad on a
surface of the sheet; 20 forming an insulative mask over the sheet having an aperture therein exposing
a portion of the terminal pad; forming.a dry.film resist oyer the insulative mask.expqsin tﬁe aperture
20t an area of the meditve Sl LRt e L B o
resist, over the expdsethameofitheri@iarsdatveimadhs yer siadekells of the aperture and over the
exposed portion of the terminal pad;

10 53. The method of claim 51, further comprising removing the dry film resist.

54. The method of claim 51, further comprising disposing a nonconductive
polymer interface layer over an area of the insulative mask surrounding the aperture

before electrolessly plating the copper.

15
55. A method of forming a substrate for an electronic device configured for
mounting a solder ball thereon, comprising:
providing a sheet of insulative material;
forming a metal layer defining a terminal pad on a surface of the sheet;
20 forming an insulative mask over the sheet having an aperture therein exposing a

portion of the terminal pad;
forming a dry film resist over the insulative mask exposing the aperture and an area
of the insulative mask about the aperture;
electrolessly plating copper over the dry film resist, over the exposed area of the
25  insulative mask, over sidewalls of the aperture and over the exposed portion of the
terminal pad;
removing the dry film resist;
electroplating a layer of nickel over the copper; and
electroplating a layer of gold over the layer of nickel.
30
56. The method of claim 55, further comprising electroplating a layer of copper

prior to electroplating the layer of nickel.



removing the dry film resist; electroplating a layer of nickel over the copper; and electroplating a layer
of gold over the layer of nickel. 30 56. The method of claim 55, further comprising electroplating a layer
of copper prior to electroplating the layer of nickel. 7 December 2005 -29- 57. The method of claim 51,

further comprising disposing a nonconductive polymer interface layer over an area BEEQ%}B@?%&%’e
mask surrounding the aperture before electrolessly pla_lt'@g_the copper. 5

57. The method of claim 51, further comprising disposing a nonconductive

polymer interface layer over an area of the insulative mask surrounding the aperture before

electrolessly plating the copper.



