INTEGRATED CIRCUIT PACKAGING SYSTEM WITH ROUTED CIRCUIT LEAD ARRAY AND METHOD
OF MANUFACTURE THEREOF TECHNICAL FIELD The present invention relates generally to an
integrated circuit packaging system and more particularly to a system for utilizing a lead frame in an
integrated circuit packaging system. BACKGROUND The rapidly growing market for portable
electronics devices, e.g. cellular phones, laptop computers, and PDAs, is an integral facet of modem life.
The multitude of portable devices represents one of the largest potential market opportunities for next
generation packaging. These devices have unique attributes that have significant impacts on
manufacturing integration, in that they must be generally small, lightweight, and rich in functionality and
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product differentiation in the marketplace. Packaging, materials engineering, and development are at
the very core of these next generation electronics insertion strategies outlined in road maps for
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The present invention relates generally to an integrated circuit packaging system and
more particularly to a system for utilizing a lead frame in an integrated circuit packaging

system.

BACKGROUND

The rapidly growing market for portable electronics devices, e.g. cellular phones,
laptop computers, and PDAs, is an integral facet of modern life. The multitude of portable
devices represents one of the largest potential market opportunities for next generation
packaging. These devices have unique attributes that have significant impacts on
manufacturing integration, in that they must be generally small, lightweight, and rich in
functionality and they must be produced in high volumes at relatively low cost.

As an extension of the semiconductor industry, the electronics packaging industry has
witnessed ever-increasing commercial competitive pressures, along with growing consumer
expectations and the diminishing opportunities for meaningful product differentiation in the
marketplace.

Packaging, materials engineering, and development are at the very core of these next
generation electronics insertion strategies outlined in road maps for development of next

generation products. Future electronic systems can be more intelligent, have higher density,



use less power, operate at higher speed, and can include mixed technology devices and assembly
structures at lower cost than today. There have been many approaches to addressing the advanced
packaging requirements of microprocessors and portable electronics with successive generations of
semiconductors. Many industry road maps have identified significant gaps between the current

semiconductdpcapabifityeanepiietavhilagher sipspdritng etacirshidepacietyinghtetomiolsyiess Thé limitations

and issues Wit GhTeRierhnclegies ipdgadregasing clock rates, EMI radiation, thermal loads, second
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Thus, a need remains for smaller footprints and more robust packages and methods

for manufacture. Solutions to these problems have been long sought but prior developments

have not taught or suggested any solutions and, thus, solutions to these problems have long

eluded those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides a method of manufacture of an integrated circuit
packaging system including: providing a terminal having a top with a depression; applying a
dielectric material in the depression, the dielectric material having a gap formed therein and
exposing a portion of the top therefrom; forming a trace within the gap and in direct contact
with the top, the trace extending laterally over an upper surface of the dielectric material; and
connecting an integrated circuit to the terminal through the trace.

The present invention provides an integrated circuit packaging system, including: a

terminal having a top with a depression; a dielectric material in the depression, the dielectric



Certain embodiments of the invention have other steps or elements in addition to or in place of those
mentioned above. The steps or elements will become apparent to those skilled in the art from a reading of
the following detailed description when taken with reference to the accompanying drawings. BRIEF
DESCRIPTION OF THE DRAWINGS FIG. 1 is a top view of an integrated circuit packaging system in
a first embodimtantabhtvingregeptfimpedtibarein apjGxpoxng erpesierofidhaltepethestitherintégeated circuit

packaging sygtah alenaghadine dred btk ith thetlfp; Bd@crOssmartienahMiewal & legdirame
assembly for manufacture of the integrated circuit packaging system of FIG. 2 after a providing phase of

manufacture SUage . hediglesisicsnaletitin And ity Beg e et SRR SR AtricHp R AbHS hase of

manufacturethe tr&kG. 5 is a cross-sectional view of the structure of FIG. 4 after a gap formation phase of

manufacture. FI((%.if 6.is a Erass-s Ctiptrplglil\‘lli%\rll\{iglfl Bhe structure of FI fte ce fo(grrqreiltion phase
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of manufacture. 1S a cross-sectional view of the structure of FIts. 6 after lattl(érclafgctlve plating

phase of mamlfegfiri@ose mentioned above. The steps or elements will become apparent to those skilled
in the art from a reading of the following detailed description when taken with reference to

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top view of an integrated circuit packaging system in a first embodiment of
the present invention.

FIG. 2 is a cross-sectional view of the integrated circuit packaging system along the
line 2--2 of FIG. 1.

FIG. 3 is a cross-sectional view of a leadframe assembly for manufacture of the
integrated circuit packaging system of FIG. 2 after a providing phase of manufacture.

FIG. 4 is a cross-sectional view of a structure after a dielectric application phase of
manufacture.

FIG. 5 is a cross-sectional view of the structure of FIG. 4 after a gap formation phase
of manufacture.

FIG. 6 is a cross-sectional view of the structure of FIG. 5 after a trace formation phase
of manufacture.

FIG. 7 is a cross-sectional view of the structure of FIG. 6 after a selective plating
phase of manufacture.

FIG. 8 is a cross-sectional view of the structure of FIG. 7 after a wire bond phase of
manufacture.

FIG. 9 is a top view of the structure of FIG. 8.

FIG. 10 is a cross-sectional view of the structure of FIG. 8 after a mold phase of
manufacture.

FIG. 11 is a cross-sectional view of the structure of FIG. 10 after an etch phase of

manufacture.



FIG. 8 is a cross-sectional view of the structure of FIG. 7 after a wire bond phase of manufacture. FIG. 9

is a top view of the structure of FIG. 8. FIG. 10 is a cross-sectional view of the structure of FIG. 8 after
a mold phase of manufacture. FIG. 11 is a cross-sectional view of the structure of FIG. 10 after an
etch phase of manufacture. FIG. 12 is a cross-sectional view of the integrated circuit packaging

system of FIG. 2 aftdfoa Klrigaletiomrishaeebiimanlifbeiieerfpg crguis ppeforois ViswodihéGnlegrated

circuit packaging §¥§I§m@(§fﬂ§dsé.gf manfteudd 1S a cross-sectional view of an integrated circuit
packaging system in a second embodiment of the present invention, FIG. 15 is a bot'{%m view of the

integrated circuit palzcﬁ%d]%bs %?ﬁld/fqyf@ t:[l& integrated circuit packaging system of FIG
FIG. 14 is a cross-sectional view of an integrated circuit packaging system in a second

embodiment of the present invention.

FIG. 15 is a bottom view of the integrated circuit packaging system of FIG. 14.

FIG. 16 is a top view of a leadframe assembly for use in an embodiment of the present
invention.

FIG. 17 is a top view of a leadframe assembly for use in an embodiment of the present
invention.

FIG. 18 is a top view of a leadframe assembly for use in an embodiment of the present
invention.

FIG. 19 is a top view of a leadframe assembly for use in an embodiment of the present
invention.

FIG. 20 is a cross-sectional view of an integrated circuit packaging system in a third
embodiment of the present invention.

FIG. 21 is a top view of a leadframe assembly for manufacture of the integrated
circuit packaging system of FIG. 20 after a trace formation phase of manufacture.

FIG. 22 is a top view of a structure of after a wire bond phase of manufacture.

FIG. 23 is a bottom view of the integrated circuit packaging system of FIG. 20 after
an etch phase of manufacture.

FIG. 24 is a top view of a structure for use in an embodiment of the present invention.

FIG. 25 is a cross-sectional view of an integrated circuit packaging system in a fourth
embodiment of the present invention.

FIG. 26 is a magnified cross-sectional view of region 26--26 of FIG. 25.

FIG. 27 is a cross-sectional view of an integrated circuit packaging system in a fifth
embodiment of the present invention.

FIG. 28 is a magnified cross-sectional view of region 28--28 of FIG. 27.

FIG. 29 is a terminal assembly for use in an embodiment of the present invention.

FIG. 30 is a cross-sectional view of an integrated circuit packaging system in a sixth
embodiment of the present invention.

FIG. 31 is a magnified cross-sectional view of region 31--31 of FIG. 30.



FIG. 16 is a top view of a leadframe assembly for use in an embodiment of the present invention. FIG.

17 is a top view of a leadframe assembly for use in an embodiment of the present invention. FIG. 18
is a top view of a leadframe assembly for use in an embodiment of the present invention. FIG.19is a
top view of a leadframe assembly for use in an embodiment of the present invention. FIG. 20 is a

cross-sectional viewlb- at?inted)eirss sietaitabake gt s yistearipda gt aratiedingemtssitha present

invention. FIGe23iScthbRRiMEW &ftRelprRAfiAMeAa88Mbly for manufacture of the integrated circuit
packaging system of FIG. 20 after a trace formation phase of manufacture. FIG. 22 is a top view of a

structure of after a Wif& bond BHESE serHartrxiayrel Bicns e sHREmRHRASUIRESSR IR circuit
packaging sysitgih efbddini2@tait@ic present invention.

FIG. 34 is a cross-sectional view of an integrated circuit packaging system in a ninth
embodiment of the present invention.

FIG. 35 is a cross-sectional view of an integrated circuit packaging system in a tenth
embodiment of the present invention.

FIG. 36 is a cross-sectional view of an integrated circuit packaging system in an
eleventh embodiment of the present invention.

FIG. 37 is a cross-sectional view of an integrated circuit packaging system in a
twelfth embodiment of the present invention.

FIG. 38 is a cross-sectional view of an integrated circuit packaging system in a
thirteenth embodiment of the present invention.

FIG. 39 is a flow chart of a method of manufacture of the integrated circuit packaging

system of FIG. 1 in a further embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The following embodiments are described in sufficient detail to enable those skilled in
the art to make and use the invention. It is to be understood that other embodiments would be
evident based on the present disclosure, and that system, process, or mechanical changes can
be made without departing from the scope of the present invention.

In the following description, numerous specific details are given to provide a
thorough understanding of the invention. However, it will be apparent that the invention can
be practiced without these specific details. In order to avoid obscuring the present invention,
some well-known circuits, system configurations, and process steps are not disclosed in
detail.

The drawings showing embodiments of the system are semi-diagrammatic and not to
scale and, particularly, some of the dimensions are for the clarity of presentation and are
shown exaggerated in the drawing FIGs. Similarly, although the views in the drawings for
ease of description generally show similar orientations, this depiction in the FIGs. is arbitrary

for the most part. Generally, the invention can be operated in any orientation.



an etch phase of manufacture. FIG. 24 is a top view of a structure for use in an embodiment of the
present invention. FIG. 25 is a cross-sectional view of an integrated circuit packaging system in a fourth
embodiment of the present invention. FIG. 26 is a magnified cross-sectional view of region 26--26 of FIG.
25. FIG. 27 is a cross-sectional view of an integrated circuit packaging system in a fifth embodiment of
the present inventioh. Fid¥i@g ghareaghifikdearbedineetionalditelvsed rawicles28haBhaf MEGPR FIG. 29 is a

terminal assgmaly.formussnihan embagdimentPtibe preasatdnyentian iblion, 3his &&igeseagstional view of
an integrated circuit packaging system in a sixth embodiment of the present invention. FIG, 31 is a

magnified crdbereal-Siumkan AR lg?rge@faw%ir_qglloaf Eo@neggger will ordinarily be described with like

reference numerals. The embodiments have been numbered first embodiment, second
embodiment, etc. as a matter of descriptive convenience and are not intended to have any
other significance or provide limitations for the present invention.

For expository purposes, the term ‘“horizontal” as used herein is defined as a plane
parallel to the plane or surface of the integrated circuit, regardless of its orientation. The term
“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as
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“above”, “below”, “bottom”, “top”,
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side” (as in “sidewall”), “higher”, “lower”, “upper”,
“over”, and “under”, are defined with respect to the horizontal plane, as shown in the figures.
The term “on” means that there is direct contact between elements without having any
intervening material.

The term “processing” as used herein includes deposition of material or photoresist,
patterning, exposure, development, etching, cleaning, and/or removal of the material or
photoresist as required in forming a described structure.

Referring now to FIG. 1, therein is shown a top view of an integrated circuit
packaging system 100 in a first embodiment of the present invention. As an exemplary
illustration, the integrated circuit packaging system 100 can generally be used within a
portable electronics device that requires a high level of functional integration, such as a
cellphone or computer. The integrated circuit packaging system 100 can include an
encapsulation 102. The encapsulation 102 is defined as a cover surrounding and protecting
the contents in the integrated circuit packaging system 100 from the environment. The
encapsulation 102 can be film assist molding or other encasement structure.

Referring now to FIG. 2, therein is shown a cross-sectional view of the integrated
circuit packaging system 100 along the line 2--2 of FIG. 1. The integrated circuit packaging
system 100 can include a die pad 204 and terminals 206. The terminals 206 are defined as a
conductor designed to provide clearance for structures above the terminal and having lateral
isolation from direct contact with other terminals; for this reason the terminals 206 are also
known as standoff terminals.

Above the terminal 206 is a dielectric material 208. The dielectric material 208 is
deposited in direct contact with the die pad 204 and the terminals 206. The dielectric

material 208 is shown formed between the terminals 206. The dielectric material 208 is



FIG. 32 is a cross-sectio
the present invention.

nal view of an integrated circuit packaging system in a seventh embodiment of
FIG. 33 is a cross-sectional view of an integrated circuit packaging system in an

eighth embodiment of the present invention. FIG. 34 is a cross-sectional view of an integrated circuit
packaging system in a ninth embodiment of the present invention. FIG. 35 is a cross-sectional view of

an integratedeifetris ek agingddyesveranihea ttemin dn06 dird éhr ditthisl gRdschiaidetion materRG, 36 is a
cross-sectionajyvieuigf /N jRie@raer eicuibpackaging syatem in paceleventh.amhagdiment of the present

invention. FIG. 37 is

a cross-sectional view of an integrated circuit packaging system in a twelfth
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with the top 210 of the terminals 206 from the plateau 212 to the maximum width 216 of the
terminals 206 and fills in the depressions 214.

Below the maximum width 216 of the terminals 206 is a bottom portion 218
extending down from the maximum width 216 of the terminals 206. The bottom portion 218
can include a dent 220 extending down from the maximum width 216 to a base 222 of the
bottom portion 218. The base 222 is depicted as planar or flat. The bottom portion 218 is
depicted as slightly larger or taller than the top 210 providing increased standoff distance and
clearance.

Covering some of the bottom portion 218 is a contact layer 226. The contact layer
226 is defined as a material on the surface of the terminals 206 and form electrical
connections with other components. The contact layer 226 can be a solder paste, a layer
containing tin or lead, or a conductive high temperature polymer. The contact layer 226 can
cover some of the bottom portion 218 of the terminals 206 with a conformal layer with a
uniform thickness.

The contact layer 226 is shown covering the bottom portion 218 surface of the
terminals 206 with an even and conformal film along the base 222. The contact layer 226 is
further depicted covering the underside of the die pad 204.

It has been discovered that the contact layer 226 formed on the base 222 increases
solder coverage. Increasing solder coverage with the terminals 206 and the die pad 204
increases board level reliability and performance. The contact layer 226 of the present
invention further can be formed by a printing process thereby increasing manufacturing
precision without additional costs.

The top 210 of the terminals 206 are shown having the dielectric material 208 formed
thereon. The dielectric material 208 can include gaps 228 on the top 210 that expose portions
of the plateau 212 from between the dielectric material 208. The gaps 228 are defined as an
opening or absence of the dielectric material 208 that exposes portions of the plateau 212
from between the dielectric material 208. The dielectric material 208 can be designed to

support the terminals 206 during process and to increase structural rigidity in the integrated



The following embodiments are described in sufficient detail to enable those skilled in the art to make and
use the invention. It is to be understood that other embodiments would be evident based on the present
disclosure, and that system, process, or mechanical changes can be made without departing from the
scope of the present invention. In the following description, numerous specific details are given to
provide a thoriaigh Rikeg o Aited ofthe ThoehitloririHowevel 20%vitl desigisiaie mcthatethdidértion can be
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well-known circuits, system configurations, and process steps are not disclosed in detail. The
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functional integration, such as a cellphone or computer. The,inte%rated circuit packaging system 100 can
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lateral isolation from direct contact with other terminals; for this reason the terminals 206 are also known

as standoff téfmrsls204 hassga thecearrith4t Se6crsa GlabilivicathRerfarpasceTHelieicidiAaterial 208
is deposited inrdiiephdartagkyvitimtheodie pad 204 and the terminals 206. The dielectric material 208 is
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232 with interconnects 240 depicted as bond wires 240. The bond wires 240 are shown in

direct contact with the traces 232 at various points along the trace 232. The bond wires 240

can be connected over the gaps 228, along the trace near the integrated circuit 234, spaced at

an optimal distance there between, or on a portion of the trace 232 beyond the gaps 228 and

away from the integrated circuit 234.

It has been discovered that the traces 232 provide improved electrical performance by

allowing the utilization of shorter bond wires 240. This improvement is found because the

width of the traces 232 is larger than a width of the interconnects 240 thus inducing less



further shown formed between the terminals 206 and the die pad 204. The dielectric material 208 rigidly
couples the terminals 206 and the die pad 204 in place to form a substrate 209. The terminals 206 are
shown having a top 210. The top 210 of the terminals 206 can include a plateau 212 and also include
depressions 214 extending from the plateau 212 to a maximum width 216 of the terminals 206. The
dielectric matderilioggds s et dodielenovitheaieb tops 220 sf high feeiensls OB Bwrehd pitiau 212 to the
maximum wigii246 afthedarminaie.206ianthillsinithe d6pIasHORR 24 invenBGIQNIREBAKIMUM width
216 of the terminals 206 is a bottom portion 218 extending down from the maximum width 216 of the
terminals 206°A8H Yofto M BERIBRCH & CRANETdde L HETHS 208Xt SHAARHRRMS IR Y mum width
216 to a basemP atie Deiterasipgriiencatt dihddmsacdddesdiiciadeas: planarfodtiiahs dostdottom
portion 218 is depjcted as slightly larger or taller than.the top,210 providing increased standoff distance
Bnd clearanc L BT B e R e ier 226
is defined asiatpgetedainitRé4surface of the terminals 206 and form electrical connections with other

components. The cantagh layes 728 cah bR @soldefpasie.alaxe! oantaiaingclipRLless ar s,conductive
high temperature polymer, The contact layer 226 can cover some of the bottom portion 218 of the

terminals 206 WA W Hhal RYer T Habamoll feilseslol oprHimaiistmaltins 2% Rhgsown
covering the batistmporinr®id surface of the terminals 206 with an even and conformal film along the
base 222. The contact layer 226 is further depicted coyering the ygderside of the die pad 204. It has
been discovered thgt h?é (1?8% ags é’yéfeﬂez‘é’?%r‘#ﬁ}é oh \#uee %%:seesz %gg i((r)a]frcrtég rgsggidlélrv glcl)t{/%nréae. Increasing
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performgnceaﬂ'@gogm@g# |@;V %_Ec”r@éiﬁé_%@'&?ﬁ»@@&ﬁ“ Bt_iqlﬂl{hkr thes can Bedoveadhy ﬁt@fiﬁ@g process
thereby increasing manufacturing precision without additional costs. The top 210 of the terminals 206

are shown hdlingare disietiue AL D8 4EPn_ FIRRSHAN THE divdetricamaesiardo e dicinclude gaps
228 on the topmZibSullaabexpose gestisnsahifie pladeauil 20iipmdigte erthétielectliclmateiial 208. The
gaps 228 are defined as an opgning or absence of the dielectric, material 208 that oS rtions of the
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240 configuration is substantially decreased a less expensive non-compression molding can

be employed.

The wire-bonded die 234 can optionally be connected to the terminals 206 directly
with the interconnects 240 having the interconnects 240 in direct contact with the terminals
206 and isolated from the traces 232. The wire-bonded die 234 can further employ a hybrid
approach allowing for some connections to the terminals 206 to be direct and others to be
made through the traces 232.

Multiple layers of the traces 232 and the dielectric material 208 can be formed to
enable signal routing with many more connection points. The traces 232 can be fused
together to enable power, ground, or signals to be routed to multiple terminals 206 or
multiple bond wires 240. The terminals 206 are depicted in a multi row configuration
designed to efficiently utilize the full space below the integrated circuit packaging system
100 size and enables yet shorter bond wires 240.

Referring now to FIG. 3, therein is shown a cross-sectional view of a leadframe
assembly 302 for manufacture of the integrated circuit packaging system 100 of FIG. 2 after a
providing phase of manufacture. The leadframe assembly 302 can include the plateau 212

and the depressions 214 formed on the top 210. The leadframe assembly 302 is defined as an



circuit packaging system 100. The dielectric material 208 is designed to increase reliability and structural
rigidity in the form of the dielectric material 208 filling in the depressions 214 and having smaller gaps 228
on the plateau 212. On an upper surface 230 of the dielectric material 208 are traces 232. The traces
232 are formed within the gaps 228 to electrically connect to and directly contact the plateau 212 of the
terminals 206 lexpisaby bnistggpieadigapetwessmbhe dielauniddesarepal208timhepaets 2d21are defined
as conductive,elepments Arsignadda.edistibiis.alasiica)sianaie.cFredraces 232 are designed to

redistribute electrical signals in that they are generally electrically isolated, not excessively large to reduce
the introduction of ﬁgl%i?ﬁeffﬁﬂ’ﬁ(ﬁ%ﬁ‘?wénépaG%P%ngce‘fﬂf?@(ﬁtﬂﬁ’é‘r igghding 590P8t thEMgielectric
material 208 leadffithasseabldisopvacadithahihettacckhy2322d thet dretemikinseniioatatted egupled with
the terminals, 206, and formed.on.lne lisleclis materiel 20 epnble silicient pioh. fermal pegformance of
the substrate”209 “The ‘combiniation of the traces %‘5, the dielectric material é, and the terminals 206
has been diseguérebelovhihveldndfimedsshailyal®nd electrical properties when combined. Improving the

integrated circuit pa}@&%ﬁ'}'ﬂ? fy¥stemerd0Q thereriPSIRIMAREKINELEBRASIBE BPRAtUAY tQd4tilize the
present invention in multiple areas of high stress and high temperature applications, Above the die
pad 204 is aﬁﬁﬁfe@rﬁi‘é‘ﬂcgi’fb&i?@f?&t’d’gp%ﬂ &8 PanrEedbitded Bre WAGINY 0% &9 3B acing away
from the die gade20i. mhinerivirzo alpedicieZ34 hatiached tihendie pade202 Withanabihasive 238. It
has been disggv%gelgn}pﬂtihe die pad 204 provides structural stability and decreased risk of delamination
from the integrg{eds circuit 234. The structural support provided by the die pad 204 has been discovered to
increase reliability diedopertoravatecEIoF thehienpyratdg eireusitqaskeiting gipstearhalo@cture FPhkohctive side
236 of the '”tﬁﬁia‘@%@&c&“gg?‘fdﬁﬁ%r%bé connsaieddedheriiacerdir Wih interrenedis 240

depicted as bond wires 240. The bond wires 240 are shown in direct contact with the traces 232 at

various pointSIsici TR 28 Prosrsspd g DR dsagrea A PeceBrnBe e BiFhe [Jalfem 3% along the

trace near thdiskegiatedeeisc0iis234, spaced at an optimal distance there between, or on a portion of the

trace 232 beyond tf}g gaps 228 antlglzz?y%y rom the Lrg)tvevgrated circuit 2:?4. tttlj}as been diﬁgovered that
ctr

1 now,to €rein 1S S a CrQss-sectional view 01.1tne Structur .
the traces 232 prowdﬁe |mp$oved Rlectrical per*ormance by aﬂfowmg the Utilization of Shorter bond wires

240. This impiolErentfisrfauridchicmatenmbaridth winhtatrace s 2 iitarget thannainvidts diche
interconnects 240 Mo RALERPIRSH prleGHisd 5861stancsiardiRdugianeeod eraRydnareRgAg high

frequency performance. Further, utilizing the traces 232 along with the terminals 206 of the present
invention decreae@tke JBRGHISHIRY RYEACONHBLRS DU qlired for effective signal propagation to
external devices anResyistemeovDRCFEasT) ghiireilangiadwh therddieresinnaiciseR4Ad deareases awnufacturing

costs by redug %9§h§ grodntef costly, Matshial uied e A G RIRSE LIS Soding the
integrated circuit 234.
traces 232 more fully formed with selective plating. Selective plating can include additional
layers of nickel, or layers of an amalgam like nickel/palladium/gold. The selective plating
can be formed on the structure 402 or on the traces 232.

Referring now to FIG. 8, therein is shown a cross-sectional view of the structure 402
of FIG. 7 after a wire bond phase of manufacture. The structure 402 can include the
integrated circuit 234 attached to the structure 402 with the adhesive 238 and connected to
the traces 232 with the interconnects 240.

Referring now to FIG. 9, therein is shown a top view of the structure 402 of FIG. 8.
The structure 402 can include the traces 232 formed over the dielectric material 208 and
within the gaps 228. The traces 232 are shown formed only within a portion of the gaps 228
and not filling entirely the gaps 228 leaving portions of the plateau 212 exposed from both

the dielectric material 208 and the traces 232.
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Around the integrated circuit 234 the interconnects 240 and the traces 232 is an encapsulation 102. The
encapsulation 102 can be glob top, film assist molding, or other encasement structure. It has been
discovered that utilizing the traces 232 of the present invention in conjunction with the interconnects 240
and the encapsulation 102 decreases production costs and complexity by decreasing bond wire 240
span. It has also beEle digesveiédhshatiizingeddramcas 282 a2dha prasehthinvngiordcasmiunction with

the interconnegisiAQAneitbeeNcAREVRTIRN KR ARcraasasRIPAMGIon LegisaRd cammplexify by providing
a well laid out system for electrically connecting the integrated circuit 234 to the terminals 206 without

requiring the AerRdRekLoomer iy WAsd dhg iRy dkriraiih ca iy B PP et I Bdligarias 40
configurationtisrserosthn tiaky sdBereasdet @ctakstbipe dsi e tone 6ol e fswcomeldirg@an be employed.

The wire-bonded dig 5 5an SPHRRIY, e coaneciad n Inedermingls, 2ag gl fig perconnects
240 having the interconnects 246 in direct contact with the terminals é’ and isolated %rom.t e traces
232. The wirefddhuéditte 2Bald Rhagrthananiptoya APbdtuspprotErailowlndefibe sopapsebiinections to the

terminals 208 ¢o hgAirest andOtheLstebe MATS AL GRINS HREES232:nd mMtiiiplertayers,of the traces

232 and the dielectric material 208 can be formed tg enable signal routing with many more connection
points. The tEKARS88S WL LR he{S5EMEF {5651t power, ground, or signals to be routed to multiple
terminals 206 or mwiplaibgndwwisda @401, Theecienninadsn 200 BEsdepicieddt afmidliuramaeorduration

designed to efficiently utilize the full space below the integrated circujtypackaging system size and
enables yet s?go%r@; k?gr%%i?lels%&&hﬁe ﬁe eaPrLll\r{i\%c NOW Eggle—“lé—.u t,u fﬁeurgezﬁlc?g é?]ggl\}\gﬁ gll%%géj-és}g)ctional view
of a leadframiemsk mbiye30attfon peitiofadidrebiithddmmaepiatddieirdlic phakeigingrsyasien?890sof FIG. 2

after a providingphaseaf R bES INhERATAME BB SHN AbPH Cah e e e pigieay 212 and the

depressions 214 formed on the top 210. The leadframe assembly 302 is defined as an_electrically
conductive leR8#4RahEEEmblg A PHFA8 25 BRUESER iR A PO S AATE TFRBASERREE S A the
integrated cirfigih piaclirging2oystem 100 of FIG. 1. The leadframe assembly 302 can be a metallic
composition includiﬁ%fc er 226 tk&at is further

opper. The f assemhbly 302 includes.the,contact |
o tachad by R e e e e S TR e
than fully coatiryibaiakagiedeastramd@sieitblyB30fter a Refdpting nbwetof IGuafatierain Ihshown a

cross-sectiongl g Pf RS YAl Q%?f&%[ fodielaciis.appiicaiopRNARS QbManUiaciR e structure
402 can include the dielectric material 208 deposited above the structure 402 on the plateau 212 and
within the de%g%@%ﬁﬁlgulated along the singulation lines 12--12 of FIG. 11 to form the integrated

circuit packaging system 100.

Referring now to FIG. 13, therein is shown a bottom view of the integrated circuit
packaging system 100 of FIG. 12. The integrated circuit packaging system 100 can include
the contact layer 226 over the dielectric material 208. The contact layer 226 can include a
staggered pattern to increase the contact area and decrease the possibility of shorting
connections.

Referring now to FIG. 14, therein is shown a cross-sectional view of an integrated
circuit packaging system 1400 in a second embodiment of the present invention. The
integrated circuit packaging system 1400 can include the integrated circuit packaging system
100 of FIG. 1 incorporating solder balls 1402 attached to the contact layer 226 on the base
222 of the terminals 206.

Referring now to FIG. 15, therein is shown a bottom view of the integrated circuit
packaging system 1400 of FIG. 14. The integrated circuit packaging system 1400 can

include the contact layer 226 over the dielectric material 208. Also shown are the solder balls
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Referring now to FIG. 5, therein is shown a cross-sectional view of a structure 402 of FIG. 4 after a gap
formation phase of manufacture. The structure 402 can include the dielectric material 208 processed to
form the gaps 228 exposing the plateau 212 from the dielectric material 208. Referring now to FIG. 6,
therein is shown a cross-sectional view of the structure 402 of FIG. 5 after a trace formation phase of
manufacture 1¥0& katvingurstaperedmitietnde trscascts 28MFeraedlnd teeregspahsnpkadul280fof the
dielectric matgiial 208 andwithin the gaps 228 to make direct electrical contact with the plateau 212.
Referring now to FIG. 7, therein is shown a cross-sectional view of the structure 402 of FIG. 6 after a

selective plating ph3SEBIRAANHIIfE. Pniheiiict sRoagAdaR it ifadianusass Ry ety formed
with selectivefqlating. snelebtivanplatifighe pnrciaatuae: adliditi dmallkagétsnefasiekslly iy ers iat mdeamalgam
like nickel/palladium/ . The selective ing.can.be formed on the struc 02.0r on the traces 232.
Reterring o LLFI. B harg ot o R K G ol e e R R er a e
bond phase dbRfanusteetarbliyieapstrediioa 402 delaciniclndetine 1vf8gradedecirail 2 80l amd drved to the

structure 402yt thaAdNRRIMRRR%IANY CAReGIRA dQ hatageRAsRailpghe interconnects 240.

Referring now to FIG. 9, therein is shown a top view of the structure 402 of FIG. 8. The structure 402 can
include the traces 25 (FRET ORI HOREHPIRSES RS ARl Athl theldhpeswgali8aces 232
are shown fownedanlysrghivaiortengikthe2gaps 22thamnthrat fikirny entireks thesgapseéctgaving
portions of th teau 212 exposed. fr h the dielegtric 1al 208 and the trace 2. The
acos 237 arshon o o e S A e e e e B S R B cing the
length of the intnserireatho 4@ thdt IvRistviuchdud bTéredisoraraBR arevitrobendaegeéipdepasrsditoward the
integrated cirglit,2341845 gaRyie formed in other directions to merge the traces 232 or to better distribute
the placement of the interconnects 240. Referring now to FIG. 10, therein is shown a cross-sectional

view of the structur&46518¢ BRY. 18 SHér st BHESROBPALRIATIPS 2 Hird istraease ey EAinclude the
encapsulatiofol 02 farmechbyéinifie ditdgiateehcirceiitiad, ThelntEroonneriatld07emcathadriakes 232. The

encapsulation 102 fills.ir) between the, tr 232, Referring now to FIG. therein is shown a

Crose secionbl hebt ol (he i SUP 03 I AR dn R AR T ac e R Btructure 402
can include théldantsRonforhyeckiowtbioncrn dokivncangaithe’ 68ramihalscatBllY hwldieleltmic material
208 is exposeqd al this.gtepgikom between the terminals 206 and from between the terminals 206 and the

die pad 204. The terminals 206 are p_hlysically isolated at this point from each other and from the die pad
204. The dielectric material 1708 is depicted exposing a plateau 1712 of the terminals 1706

with gaps 1728. Within the gaps 1728 and on the plateau 1712 are traces 1732. The traces
1732 extend from the terminals 1706 toward the die pad 1704 and terminate at a non-uniform
distance from the die pad 1704, which has been discovered to provide beneficial increases in
the trace 1732 density.

Bordering the die pad 1704 is a perimeter trace 1744. The perimeter trace 1744 is
defined as a trace that is parallels a perimeter of the die pad 1704. The die pad 1704 is shown
in direct electrical contact with the perimeter trace 1744. The perimeter trace 1744 follows
the perimeter of the die pad 1704 in an unbroken pattern and can provide a consolidated
contact point for power or ground signals.

Referring now to FIG. 18, therein is shown a top view of a leadframe assembly 1800
for use in an embodiment of the present invention. The leadframe assembly 1800 can include
a die pad 1804 and terminals 1806 exposed from a dielectric material 1808. The die pad
1804 is shown fully exposed from the dielectric material 1808 and electrically isolated from

the terminals 1806.
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Referring now to FIG. 12, therein is shown a cross-sectional view of the integrated circuit packaging
system 100 of FIG. 2 after a singulation phase of manufacture. The integrated circuit packaging system
100 can include the encapsulation 102 and the dielectric material 208 singulated along the singulation
lines 12--12 of FIG. 11 to form the integrated circuit packaging system 100. Referring now to FIG. 13,
therein is shown a Bdswaleseie ofathoalnkdff atddrepted it prackagimppatei 2 gohst triginal 190 integrated

circuit packaging sysiaspd 0Gvsamingudpsthegoniach laesizéionanthe diRlaciigimaigsighels. The

contact layer 226 can include a staggered pattern to increase the contact area and decrease the

possibility of %ﬁ%ﬁt‘?ﬁ{f%ﬁﬁ@c‘t}?ﬁr‘i%‘fmmalﬁzé?gprfﬁaﬁg\;@?&’lgI@.dfﬁpﬁr@%fﬁ%lgﬁSWé‘?ﬂé@éﬁg&tionm view

of an integratdistaiteuibpatkadnphsisS@mMvidaOhn deactng endadippentobthefiprdsantinvention. The

integrated cirt%%ig %gck%gj%% si/stem 1400 can include the integrated circuit packaging system 100 of FIG.
older balfs 1 té/

1 incorporating s A2 attached to the contact layer 226 on the base 222 of the terminals 206.

Referring now to FIBorusringeheidi¢spgh dwit agaomokewaeetHE4htetiratesdi vietanitrperskagihgreystem 1400
of FIG. 14. Therptaqtatqet CHickibRAckaoRe nYRies k4aR fgg‘ {Relderthgicomadlayelhdds aver the

dielectric material 208. Also shown are the solder balls 1 haviq%a staggered pattern to increase the
contact area SHFUEEFEAAL tRBHASKIBltY BF SRS ESRARdidAs. The BEfePRAGHOW RS EIE44 6, therein is
shown a top Yo&emaf endepeliiaene assamnbly 16A0 foruse im amesieadpaeih afdihe pregsentdavention. The

leadframe assem I%%C%OC% can incIL{ge a die pad 1604 and.terminals 1606 exposed from a dielectric

material 1608, The die pad1 tf%()plf) is shown’ ?ﬁl?f/ %r%lcl)%élﬂ%sm the dielectric material 1608 and electrically

isolated from the tefmigeizdiBaangied irnetirExtcontaeywitraididieibethitstnpatenkit 608, 1846Tihe dielectric

material 1608is,deRIcIR P fxpesSHig 2iRialeautal%af Redamingls. \éﬁ‘iﬂe@&i}ﬁa@?&s\ﬂwﬂn the gaps
1628 and on the plateau 1612 are traces 1632. The traces 1632 extend from the terminals 1606 toward

the die pad 180ASHE @19rfilvatEcatiy ReAtuhroihs distestde TrYRTitheBaR paabests wit b been
discovered tgppiadde taepafid@iineréasssointhwliracerdmIBdensiy.g32 Reiedisiganonniadriss. 17, therein

is shown a to&&et\ﬁ/egg atleadframe assembly 1700 for use in an embodiment of the present invention.

The leadframe assemeyvie‘?BO can include a die pad 1704 and terminals 1706 exposed from a dielectric
material 1708. The Bidepark 1794tisEGowh futiyiexpekednfrowptiie wielediridimate AsseripdB 1206 electrically

isolated fromgpe, ferminalsvbiGent of the present invention. The leadframe assembly 1900 can include
a die pad 1904 and terminals 1906 exposed from a dielectric material 1908. The die pad
1904 is shown exposed from the dielectric material 1908 and electrically isolated from the
terminals 1906.

The dielectric material 1908 is depicted exposing a plateau 1912 of the terminals 1906
with gaps 1928. Within the gaps 1928 and on the plateau 1912 are traces 1932. The traces
1932 extend from the terminals 1906 toward the die pad 1904 and terminate at a non-uniform
distance from the die pad 1904, which has been discovered to provide beneficial increases in
the trace 1932 density.

Bordering the die pad 1904 are perimeter traces 1944. The perimeter traces 1944 are
defined as traces that parallel a perimeter of the die pad 1904. The die pad 1904 is shown in
direct electrical contact with a first perimeter trace 1946. The first perimeter trace 1946
follows the perimeter of the die pad 1904 in an unbroken pattern and can provide a
consolidated contact point for power or ground signals.

A second perimeter trace 1948 is shown paralleling the first perimeter trace 1946 in a
broken pattern. The first perimeter trace 1946 and the second perimeter trace 1948 are

physically and electrically isolated by the dielectric material 1908 therebetween. The second

13



The dielectric material 1708 is depicted exposing a plateau 1712 of the terminals 1706 with gaps 1728.
Within the gaps 1728 and on the plateau 1712 are traces 1732. The traces 1732 extend from the
terminals 1706 toward the die pad 1704 and terminate at a non-uniform distance from the die pad 1704,
which has been discovered to provide beneficial increases in the trace 1732 density. Bordering the die
pad 1704 is @¢érigstepaeadd s BAartirtiserimetbitaddeem thedrpsedeliddasha disleettisanigepalallels a
perimeter of tipgliepaghi04. The.dispaslFMhis:shawe in sligeet alrsrisahroriagkwily theiperimeter
trace 1744. The perimeter trace 1744 follows the perimeter of the dieﬁd 1704 in an unbroken pattern

and can proviisEEbhEskate dBRdelnBintaiepaWeC8 it Ryrkag. Portigrsrd thig o FIG. 18,

therein is shqwtieentop view of a leadframe assembly 1800 for use in an embodiment of the present
invention. The Ieadf%%fge. assemqglpll%()%gaﬁ\l include %)gvlig Qad 1804 and termin?ls 1896 exppsed from a
8 b

dielectric material 1 .m!rf%engivé pad 1804’is g Yown ully exp(%rs?esgi_sfergtrlﬁl_ltﬁevéﬁvevlé)ctﬁ% }%ggé?fa 1808 and
electrically isoltatiriroraging testiein19018osthird enrbrd e ctFibawacerivlin@08ds. dEsiduateigsosing a

plateau 181%%Qﬂepﬁ%mgiﬂ@%l@%%@&ﬁ%ﬂaﬁg%ﬁﬁﬂ%@m9"1‘9@ 828206008 theplaiepss 1812 are
traces 1832. The traces 1832 extend from the terminals 1806 toward the die fad 1804 and terminate at a

non-uniform @iSPAALE T JRS ERELHR BSQY dEaBrr MNP R HEE Hheb R & Bt aUi HaAdEE! increases in
the trace 183Ratietisittrom diBorderiag thighdiehpadrifitdsarer prik maten ttacesilifdd 200e petiReter traces
1844 are defilgfled as tr?ce fptatrg%rﬁll!el a perimeter of the die pad 1804. The die pad 1804 is shown in

direct electrical contact with a first gesrimeter trace 1846. The first perimeter trace 1846 follows the

perimeter of the dielhadcrgdmin AW atsrokenphang andovarmpttvideth dontsolidetkbeareortdbe point for
power or groypdhsignalssion 4 SRCERERREMETRLIALRILEAS iSyshawndesraliglinghs firshpglmeter trace

1846 in an unbroken pattern. The first perimeter trace 1846 and the second perimeter trace 1848 are

physically antf@iaticalridsred Byrinbaetie nhaenioeies tHerdprrkesineTHE €8c oMY perimeter
trace 1848 is Alih@ths ewni dsied ase ahtrasarbhen v aoes 1832y the dielectit materiainiBOBUterebetween.

Referring now to FIG. 19, therein is shown a top view of a leadframe sem}% 1900 for use in an
\H 9 a _Ff?l Hfgc(’lea%ﬁlty. lg}/ ée 8]& tel‘mlél

f
. cte s sirnjlar to epsure 1C1encCy, 01 surface mo 1
embodiment ofthe preseni invention. The leadframe assemlB]Iy can’inc a die pa af§04 and

terminals 1900 posditront andietad trid0fhatidiiadit BogicTihetatiel gAOS19Jarisedhovdresxgosedifrom the

dielectric matgripl AR AR SI664! Gl dRAIAEIFRM IR T MBS 1Bed berkBEndiR!G4HHmMAterial 1908
is depicted e%m a plateau 1912 of the terminals 1906 with gaps 1928. Within the gaps 1928 and on

the plateau 18¥¥ aréhftigletB3 otk U8 HE8D ertif it 856 XIWAEM e die pad
1904 and termiatacat@non-uniform distance from the die pad 1904, which has been discovered to

provide beneficial inﬁ{g ?e%r%?ng stQSOg%%a s%c?%g tga%?nsété{'top 2010. The top 2010 of the terminals 2006
can include a plateau 2012 and also include depressions 2014 extending from the plateau
2012 to a maximum width 2016 of the terminals 2006. The dielectric material 2008 is in
direct contact with the top 2010 of the terminals 2006 from the plateau 2012 to the maximum
width 2016 of the terminals 2006 and fills in the depressions 2014.

Below the maximum width 2016 of the terminals 2006 is a bottom portion 2018
extending down from the maximum width 2016 of the terminals 2006. The bottom portion
2018 can include a dent 2020 extending down from the maximum width 2016 to a base 2022
of the bottom portion 2018. The base 2022 is depicted as planar or flat. The bottom portion
2018 is depicted as significantly larger, nearly 50% larger or taller than the top 2010. This
significant dimension provides extra standoff height and a larger surface area of the terminals
2006 for heat dissipation.

Covering some of the bottom portion 2018 is a contact layer 2026. The contact layer

2026 is defined as a material that can rigidly join to the surface of the terminals 2006 and
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Bordering the die pad 1904 are perimeter traces 1944. The perimeter traces 1944 are defined as traces
that parallel a perimeter of the die pad 1904. The die pad 1904 is shown in direct electrical contact with a
first perimeter trace 1946. The first perimeter trace 1946 follows the perimeter of the die pad 1904 in an
unbroken pattern and can provide a consolidated contact point for power or ground signals. A second
perimeter trateIAS igashewmesticalielinig wibefiratpreneitcindacapabdu efibangroktavpattedormhe first

perimeter tragg,] 946 andihenrcntaatyaesen irasent A8 ate pbysicallvanlesticaly isplated by the

dielectric material 1908 therebetween. The second perimeter trace 1948 is further shown isolated from
the traces 19%2%5P BRI HPRTALTE 661 Titre hBEGEBHRCTHEESBAS P AttetsPRa Y 1848 is also
shown electrisatiyhapdripby S0adyoistlatechhiyatheolsledthamateriabifpBavithyarthedbrokaifq@oertions of the

broken pattern. I%eferring now to FIG. 20, therein is shown a cross-sectional view of an integrated
Cross-section

circuit packaging system 2000 in a third embodiment of the present invention. The integrated circuit
packaging system 2000 dasnidiieieraskthinalle 20Ut Thendfimared08 thetdefidbdascacasnductor

designed to QEQ&!&?'%&J&%@UC&&%%E&'%{H%? %@Ya%éh%ﬁ?'iﬁéiQ&'n%HQIJ‘QN@BQﬂ@%@i@si%QL@QQE‘vUPm direct
contact with other terminals; for this reason the terminals 2006 are also known as standoff terminals.

The terminal&H8pi6 X AP AR RTA0Rg TARGOREGIIHE BTG BFrRIRsaA/BYT I R BEIS . Pregion of the
integrated cirtutih@abkagpiasysieore0 ke thividein thaanifectermgnaisc RADGWnhne ddiasitile center of

the integratedocsitrscuit packaging system 2000. Although the widths of the terminals 2006 can vary the

height of the terminals 2006 is depicted as similar to ensure efficiency of surface mounting capability.
Above the terminalS2O0® i dieleibtritermanelial RO08¢ Fhevdidieviric thradigiedtPo0Bais ol & in direct

contact with e leimieAlsmH200%. IRt diRlaqigmaesiat PR isshapniesmsd etwpen haiarminals

2006. The dielectric material 2008 rigidly couples the terminals 2006 in place to form a substrate 2009.

The terminal 296 RE ot itablig2y P 26005 Prietep B8 18cbictHe BHiithi09806 8a# R Iude a
plateau 20122ap8l atsacifictdde depsessibiracOi4xdending framrtiiepiataay dpdigpadtoaxisnum width

2016 of the terminals 2 . The dielectri terial 2008 is,in direct coptact with the 10 of the
it 200 e B A R e e the
depressions DoddsignedBekynpthie thedsimums\widih QOmE plogrestenrhinalsro00 6tiydubdttemdipontion 2018
extending dowp fram-iha ’El?c’ﬂf?‘b'ﬁk‘é‘féﬂ{g Enoidhe tqu'i@iHPJE&QQ@nJ&ﬁP%msp@JH%HkQQ&S can

include a dent 2020 extending down from the maximum width 2016 to a base 2022 of the bottom portion
2018. The ba8E"52IG4 A Scted ASYSHFA s Hat e BT PottER 1S T GEpi e 8 Snificantly
larger, nearlydbp¥sdigeanos talisithag dhella 4812028 bisthigsificant@ipnension provides extra standoff

height and a larger surface area % égggggrg%s d%quc r}‘ggp Ql earq agggégi%trié)g? ces 2%9%6% gome of the

bottom portion 201 58 88%?50?1ayer e contact layer $'Gefined as a matenal that can
rigidly join to TAé2senfalcenafdthveterntheateBOBB &rid clectrically connect to and directly contact the

plateau 2012 of the terminals 2006 exposed by the gaps 2028 between the dielectric material
2008. The traces 2032 are defined as conductive elements designed to redistribute electrical
signals. The traces 2032 are designed to redistribute electrical signals in that they are
generally electrically isolated, not excessively large to reduce the introduction of parasitic
inductance and do not cover the entire upper surface 2030 of the dielectric material 2008.

It has been discovered that the traces 2032 of the present invention when coupled with
the terminals 2006 and formed on the dielectric material 2008 enable efficient high thermal
performance of the substrate 2009. The combination of the traces 2032, the dielectric
material 2008, and the terminals 2006 has been discovered to have improved thermal and
electrical properties when combined and utilized in the described fashion. Improving the

integrated circuit packaging systems 2000 thermal performance increases the opportunity to
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form electrical connections with other components and capable of being reflowed to form firm
connections. The contact layer 2026 can be a solder paste, a layer containing tin or lead, or a conductive
high temperature polymer. The contact layer 2026 can cover some of the bottom portion 2018 of the
terminals 2006 with an even conformal layer with a uniform cross-section. It has been discovered that
the contact lay8iZ20t6 foraie onvtidigase 202k remwsesdoltieh covrsragad Inegbasinpelasr coverage
with the termgﬁlgcgtggg.increases board level reliability and performance. The contact layer 2026 of the
present invention further can be formed by a printing process thereby increasing manufacturing precision
without additional cO9e ety 3311 8P ke asrindrs Wbl ardeaitsth At therdrdici¥ric material
2008 formed lihergam ddiedigle Cibis MmatesialZQ @B eathdnelude2gahs P28 ientihel¢tdpli2@04hHat expose
portions of the, pl E%ﬁ% ﬁ‘e’%r%cféé’%?f%‘%e‘?g %“%@8‘@&2&&%%‘86%%9% a @e%i?9983%928 are defined as a
gap or absence ot the dielectric materlaf 008 that exposes portions of the plateau 2012 from between
the dielectric materith2@08/cTHécRERcicimaniekaRd0gresh BB Hésierstd oy opoaet e tterhtinals 2008

during process, @R A8INGIR ARE S @bﬂ@@ﬂd@&*&? iotearated elcwl RACKRUNAGYRIGAIWRH00. The
dielectric material 2008 is dest,siﬁned to increase reliability and structural rigidity in the form of the dielectric

material 2008%(HRE QEPPESEBIS Figea rl AN S AP A2 T 8F R platds P oY ™S On an
upper surface®o3wbthefileteairis inaierap? 00B aibiaaest203 Aedheiacgsag03rair fodmed within the
gaps 2028 to electrically caonnect.to and directly contact the plateau 2012 of th inals, 2006 exposed
By the gaps 2558 Lb< T UADA B TR FER T e B e A S PR e
elements desigpretP?8 radistribydtere ibetricedrsiethelisuiTB83taces 2032 are designed to redistribute electrical

signal_s_ in_ that they ﬁfﬁag%@&{QMcSlﬁ%FéHQﬁ‘éb’d_éoﬂﬁE%g 208 asivg d@é@%l@t&?él%@ﬁbﬁrﬁé}%@duc“on of
parasitic inductance and do not cover the entire upper surface 2030 of the dielectric material 2008. It

has been disEEREYMAPIHE LA oba bR radenitibntiBis [HEAVEBBIdY \Wittfthe Witninals 2006
and formed ahdRediielgatiictmaterel 2008 reaatbla efficient digh thesimalnperfaomarios oidhamubstrate
2009. The combination. g e races, 203, ine dielcelric material 2008, and, ihe lerminals 2006 has been
discovered tohave |mprovedlst ermal‘and efettrica proﬁ’er?lnes when' combined and UtliZed in the
described faghishermiptoviggtih etienesg PAfEd adbivegiiv ph dka g isgdteiieo200 tehpeseal pevfotmance
Increases th%@&%@yEHEYIE%%H"@&H&%RE?&%HE&&@M@%%H&Hltf&leeﬁ‘égﬁ%%fi gh Hﬁ%ﬁtﬁﬁddﬁ'gh
temperature applications. Above the traces 2032 is an integrated circuit 2034 depicted as a
wire-bonded %ﬁa@wabﬁlf@/ﬁﬁs%@éﬁﬂ@%o?gcraewé%{f%m%@ﬁ%@mtﬁ%%ﬂf@waed die 2034
is attached tartheifiaces 2032 anddhe dietactitomaterialsd) Aawithl aseadiiespeed203@e procthie active side
2036 of the ir(l)tfe‘grraetg(c)zlng'ircutiltl 2191§e4ri§t egf%ctric I&ﬁonnected to the traces 2032 with interconnects 2040
depicted as bond wires. The' bond wires 2040"are shown in direct contact with the traces 2032 at various
points along the traéeo2082her et wirast2040 daniercomaectéttovandttie gapss 2028, iakong the trace
near the 'ntegfﬂ%guﬁ[ﬁﬁ'tz%%.df’ﬁ@a&ﬁ 1@&9925@'&&%%@9& erhpiwesp nR1@AL HOSHRR of the trace
2032 beyond the gaps 2028 and away from the integrated circuit 2034. It has been discovered that
the traces 208F BFOVGAESIHPHSed electrical performance by allowing the utilization of shorter bond wires
2040. This improvement isdaugaseaidsenbiaidiieofitheritace® 2032 indapgaeihanvanwicithrof the
interconnects 2040 thus inducing less electri esistgnce and induct hereby increasing high
ecuency poHORHLE Ut e tho L S o e R oL 2 RSl QORISR URE present
invention decrestsesdisenphuyity dhtlledrstsicgimedts i20204bepaine d fbrefectheesidsraiverapdgation to

external devigag and gy $amS2 AL ARINGL R [BRGHN & inedRigIGRING IS rO4RAaFRRRESHIANUTacturing
costs by reducing the amount of costly material used, like gold, in the process of wire bondln? the
integrated cirdiflthegpcapsulation 2042 decreases production costs and complexity by providing a wel

laid out system for electrically connecting the integrated circuit 2034 to the terminals 2006
without requiring the interconnects 2040 to cross one another. Since the complexity of the
bond wire 2040 configuration is substantially decreased a less expensive non-compression

molding can be employed.
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Around the integrated circuit 2034 the interconnects 2040 and the traces 2032 is an encapsulation 2042.
The encapsulation 2042 can be glob top, film assist molding, or other encasement structure. It has
been discovered that utilizing the traces 2032 of the present invention in conjunction with the
interconnects 2040 and the encapsulation 2042 decreases production costs and complexity by

decreasing bond wit@aue-bprtdeddisat) dsenbeprodidboe redngesad tlidio i tmentia 209 dBX &f the present

invention in copipRetigRMithdbe Hirraenneets 2940.and thenencrpzuationLPdZufgcreasgsRroduction
costs and complexity by providing a well laid out system for electrically connecting the integrated circuit
2034 to the teftindld s6bEditFsR e i P hé intdte Srfreleadsd 4 s Lo b AU Bt Bihce the
complexity ohheidapetauiie 2040ngdofigoratiamissivhstantiallyraiacrie200d @ lessiexpamnsigers
non-comprestsi%n mgledml% l(l:ehnﬂpeet regég%d. The wire-bonded die 2034 can optionally be connected
to the terminals 200 dlrectﬁ/ with the interconnects 2040 having the interconnects 2040 in direct contact

with the terminals 280#ialedaseiaddiromatietratendbe 2lickrtrigireatsonded) 8icards4 waedunher employ

a hybrid apprgagh aligwing iansame Gerpesiipns ipthaderpiingals 2906 e hedirect,and qtgss to be made
through the traces 2032. Multiple layers of the traces 2032 and the dielectric material 2008 can be

formed to endHERGEAAIFEEIMGWIET BH) InBFeEBAlieLBh [ lrma iRl LeoBH8Ik VM Yused
together to enabiplpawed, gieymd40r Sipalsionas modedto dpibtigleiierminmlsR0Qoargnmuligne bond

wires 2040. The. teerlgﬁ'{nae!%ZOO ar depiﬁ:te uﬁn a mulljti row, conﬂgur@et}ié)n.desig)gagato effici{-:‘ntly utilize the

full space be ow the in?egrgtlgg irCui Zﬁa{c‘f(aglngsgp ‘as():/%teerlrcl)‘%g?) Siz8 and ena 11 S yelgls%o?ygregbnd wires

2040. Reféffinizaond tnftiies &1 shieersiboirshisss 3@ op view of a leadframe assembly 2101 for
manufacture of the jpiggratesh Ureuiigaskaging sysawa 000 Pl 20 afien A dracen8rnatinn phase of

manufacture. The leadframe assembly 2101 can include the traces 2032 formed on the plateau 2012 of
the terminals' 80T RXTEET HIhT tRegapd stsaitPIekaara sy APALRENH yeletdny ad5fmed on the
terminals 20@6rhaas:a tasiaf 2002 fac doem il ordireatesminatd R0DO neat agedimeiarkegioos2104. The

traces 2032 ffrmgg on, he }ermir@i?é%og %1%]%5 1IhqS anr%%%ﬂ%eg C%atrr% r;slt}%vg ggf%(tfdigi'ngnflgotm the terminals

i .
2006 toward ﬂrénperlme er r%&gllgn e other races ormed on the terminals 2006

near the peridt&tepiegion 10kt shdwmektendintgfironalthe08erneinalsAVOUOR ard ehacderiter 2102.

The traces 2032 extend Heup tbs tepBrinRls 2046en@erminate at a non-uniform distance from the
terminals 2006, which has been discovered to provide beneficial increases in the trace 2032 density. The

terminals 2006 are al%o Hspictet adumsthaindoreaygbredif asnde Greetiod $16E shoBeferring now
to FIG. 22, theneiiliseShewmha tamiigwoha sikuedure gaddeaadtes doniredaonohphasehef manufacture. The
structure 220t2 can &%Ex%e th%ir(l)tne%%t(%gr r%iﬁqm['sit 4 corgn%cted trcr)1 Et: e traces 2?&% g\{éthsﬁrg)% rilnterconnects

. t
2040. The traces 2 ar(énalgagne 0 provide the opl%ler%al distance Getwsen the interconnects 2040

providing a simihelitsoitonwire R040dkyHIOdadard Sonsatee2tid.amount of material used during the wire
bond phase of man@'f‘éctwc%stoza@agL@&eﬂ@%ﬁ{'%%%ﬁnals 2006 and terminate at a non-uniform

distance from the terminals 2006, which has been discovered to provide beneficial increases
in the trace 2032 density. The terminals 2006 are also depicted as alternating or staggered in
a single direction 2106.

Referring now to FIG. 22, therein is shown a top view of a structure 2202 after a wire
bond phase of manufacture. The structure 2202 can include the integrated circuit 2034
connected to the traces 2032 with the interconnects 2040. The traces 2032 are designed to
provide the optimal distance between the interconnects 2040 providing a simpler bond wire
2040 layout and to conserve the amount of material used during the wire bond phase of
manufacture to reduce production costs.

Referring now to FIG. 23, therein is shown a bottom view of the integrated circuit

packaging system 2000 of FIG. 20 after an etch phase of manufacture. The integrated circuit
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Referring now to FIG. 23, therein is shown a bottom view of the integrated circuit packaging system 2000
of FIG. 20 after an etch phase of manufacture. The integrated circuit packaging system 2000 can include
the contact layer 2026 over the dielectric material 2008. The contact layer 2026 near the center 2102 is
shown alternating or staggered in a single direction 2106 to increase the contact area and decrease the
possibility of BirameeconisacioMscan inRlafisr e proas tda G2 24, arrsrBip diekisbigrmatesip\d8AB of a structure

2400 for use imapRROdiMens RS the: FRSEAtINYENHIGH TheSIKFUIR 28P%sarnckide dapRinals 2406

exposed from a dielectric material 2408, The dielectric material 2408 is depicted exposing a plateau 2412
of the termin&iEesUdl whll glopdnsiease \With PRI (g A15E 28 SGErEdi il pharsiisn 18 aftiRges 2432,

The traces 243znatecslown generally as formed on the terminals 2406 near a center 2444 or formed on

the terminals 2406 gear a perimet n.2446. The traces 2432 formed an th inals 2406 near the
conter 2444 are SO TG e B L & O the other
hand, the tragessabadifenhed by trestarnimension0d ke airthep ettt ranraribd2gaBiasts SHON extending

from the terminals.a4RAQWRIEhE F8RISN 2484 The TRELiRESS. 2432 BeRciERmRthe fetminals 2406 and

terminate at a non-uniform distance from the terminals 2406, which has been discovered to provide
beneficial incPERERIH thef {5 BUAss FEA8l B FPtertathall 8Up 8'a 6 Bty Bs BilgARd in a single

direction 2448412 arRefessing32ow to FIG. 25, therein is shown a cross-sectional view of an integrated

circuit packaging syste 25094%a fourth embodinﬂegg gf the presen invenﬂo%ho];hn%ailnte%[ ted circuit
clu an i

packaging system 0'¢an inclade a die’ Iﬁ)égnfgaé Og}?ﬁllnalsﬁ U6. The Terminals 2506 are defined

as a conductatesidprardoopribeittentieds 106 forrstpistnder aggive Rettelimdritdcandiavimgéateral

isolation fronbﬁﬁfﬁé?tt&%]?ﬁfst WAL %@&?&ﬁ@%@ﬁi@x‘sﬁm 'él?éssiﬁ%?@x?@ﬁdiﬁm}@@l%t%%ﬁxﬂﬁ%l@@_&bgnowr_‘ as
standoff terminals. Above the terminals 2506 is a dielectric material 2508. The dielectric material 2508

is deposited 7 U8 CoRTHEIHRTEAEHIE A S20ASNARFe Rerthitkas6es 2 e (HEnsdue Msterial 2508 is
shown formedhahyredbadar minpdsdbE@6 regha dieleclidciaie sak2Siag frofhtiekshmal faomed between
the terminals ZSO%ﬁd therdﬁﬁad 2504. The dielectric material 2508 rigidly couples the terminals 2506

and the die pté)cViV b eiﬁegfgce to form a substrate 2509. The terminals 2506 are shown having a top

2510. The top 25101bf thiacksrRAAISX2S06 feam ifeludenamplaiz 28d Xandhalscincludeweiorassions 2514
extending ffoﬁb&%&%ﬁ%e terminals 2406, which has been discovered to provide beneficial increases

in the trace 2432 density. The terminals 2406 are also depicted as aligned in a single
direction 2448.

Referring now to FIG. 25, therein is shown a cross-sectional view of an integrated
circuit packaging system 2500 in a fourth embodiment of the present invention. The
integrated circuit packaging system 2500 can include a die pad 2504 and terminals 2506. The
terminals 2506 are defined as a conductor designed to provide clearance for structures above
the terminal and having lateral isolation from direct contact with other terminals; for this
reason the terminals 2506 are also known as standoff terminals.

Above the terminals 2506 is a dielectric material 2508. The dielectric material 2508
is deposited in direct contact with the die pad 2504 and the terminals 2506. The dielectric
material 2508 is shown formed between the terminals 2506. The dielectric material 2508 is
further shown formed between the terminals 2506 and the die pad 2504. The dielectric
material 2508 rigidly couples the terminals 2506 and the die pad 2504 in place to form a
substrate 2509.

The terminals 2506 are shown having a top 2510. The top 2510 of the terminals 2506

can include a plateau 2512 and also include depressions 2514 extending from the plateau
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2512 to a maximum width 2516 of the terminals 2506. The dielectric material 2508 is in direct contact with
the top 2510 of the terminals 2506 from the plateau 2512 to the maximum width 2516 of the terminals
2506 and fills in the depressions 2514. Below the maximum width 2516 of the terminals 2506 is a

bottom portion 2518 extending down from the maximum width 2516 of the terminals 2506. The bottom
portion 2518 £al? ichudexraent 280 Sttentlihg towmdtor?the mimxihielasingidthtosd E30%ibase 2522 of

the bottom paitien Zaid: The Bass2548 & feriskedAs Blenacardabiiriiesotempartiongr18 and

centered within the base 2522 are dimpled surfaced surfaces 2524. The dimpled surfaces 2524 are

also shown fSAHBE M &9t Brtgadnaee 06 arddifiie the driesioss 3aldan be rounded as shown in the
dimpled surfaces 252 of the tenhinals 2hdb 271 6asf heeceimeanad as®@hown botthe gisnplec2susfaces 2524
of the die pad 2504. Covering some of the bott ion 2518 is.a co t layer 2526. The contact layer
526 is defmed s TR AR o AU BRI 0 R e DA honl o et
connections Witk stiiendodspodra 2> ah dxeepkialovbéiog raflowsantonfondilfilm ednadetAs22The contact

layer 2526 cap be 3 SIHEpHESIE 31laY efopiRinBatIn Akjradi At disRAduCHME highiemResature
polymer. The contact \I}a\;%/er 2526 can cover some of the bo_ttorf?fgortion 2518 of the terminals 2506 with an
t

even conformRQi)eriithrd cHRFh wBElaebits 22 i dmplsthitfagrt $58655%0/6wn covering the
bottom portion 2518k dags«df din€atesnitalard 206 widhyafogvied ianbecds iordEoimTatodgniheldent 2520
on the base 2522 and.wjthin the di ed surfaces 2524. The conta er. 2526 is. furt epicted
overn e S B R Y e R ot e die
pad 2504. can hasdeanddischoeren thadihwled ntuticky22 52 ahfodmed bidSite(@dring sdike the dent

25ZQ and WitB{ﬂﬁQ%&lm&_'&&@&ﬁf%@jgé%ﬁﬂﬂ%% §95§?“§9é’%5ﬁ91%t l%ﬁ@%ﬁé@é@%&%%rage with the
terminals 2506 and the die pad 2504 increases board level reliability and performance. The contact layer

2526 of the pRESEit itWAntsh 7gHthed 2in BeteriiEdsyd shhdrPprieesdmardniPrtrdadrig!
manufacturingbpriegisionvidinohiraddifonaltcasiscapablt vé tep 2 kD wEdhe fefimimalscabiittans shown
having the di ﬁcgr(i)gterlrgﬂgrie%l%%ég% 211‘orrrelead (t)T(%rreon Th adie?le(c):tgclznrirr]latelrrlial %521%80(%aancinncg e gaps 2528 on
the top 2510 that expose 3£>or ions of tRe p?a ealP %%ei’f fom Be?weerlgtﬁe dieféctric matenial 2508. The
gaps 2528 aleiglefimentrasiee gapy oeabddncwuichdapie deificcanaterial 2508 chécekptmeppdiions of the
plateau 2512, pgwesmiihe %@WE}%@@&@E'%E@Qﬁal@&%iﬁ%ﬂﬁifﬂﬁﬁ%@é@&@ﬁoﬁ@” be designed to

support the terminals 2506 during process and to increase structural rigidity in the integrated circuit

packaging system 2B80COPHS iRYBtmE Mistehal B 568Nde Sy Ret Yy iiis Y Hiiabiftgeatfd@tructural
rigidity in the denmalk thsodielestiic snatarialc3ad8niil Tgnina g aressanss26 Ibh andbasy e Smaller gaps

2528 on the plateay 2512. On an r surface 2530 of ielectric material 2508 are, traces 2532.
The traces 2500 B CollBIF IR Sogt SLot Sl SonrGAt o SRl 20y At e
plateau 2512vofitedeniriralic2806 ¥xpuskiviyitge fapsvabisivedivededihetdielelt?it shdtedal 2508. The
traces 2532 ag defined as conductive elements designed to redistribute electrical signals. The traces

2532 are designed to redistribute electrical signals in that they are generally electrically isolated, not
excessively large tdrdatiEesthaiirtsaetbinh BerauaitidardrcZherapgd o Wt duvacnikeriite upper

surface 2530dehthexdialectienmaterdndRQGurfaces 2524 increase solder coverage. Increasing solder
coverage with the terminals 2506 and the die pad 2504 increases board level reliability and
performance. The contact layer 2526 of the present invention further can be formed by a
printing process thereby increasing manufacturing precision without additional costs.

The top 2510 of the terminals 2506 are shown having the dielectric material 2508
formed thereon. The dielectric material 2508 can include gaps 2528 on the top 2510 that
expose portions of the plateau 2512 from between the dielectric material 2508. The gaps
2528 are defined as a gap or absence of the dielectric material 2508 that exposes portions of
the plateau 2512 from between the dielectric material 2508. The dielectric material 2508 can

be designed to support the terminals 2506 during process and to increase structural rigidity in
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It has been discovered that the traces 2532 of the present invention when coupled with the terminals
2506 and formed on the dielectric material 2508 enable efficient high thermal performance of the
substrate 2509. The combination of the traces 2532, the dielectric material 2508, and the terminals 2506
has been discovered to have improved thermal and electrical properties when combined and utilized in
the describedhfashirsmathth sreswiv pabkaimragretet ciptlit gackdiglpg sy sterisD B0 tedaidnsdriormance

increases theRRQELUMLY IRyUHiz& theuRiesartnvantenin snutinle aieasaldhigh stegaianehbigh
temperature applications. Above the die pad 2504 is an integrated circuit 2534 depicted as a

wire-bonded GBRSIAAY AL Baging ssadlsads g ah Y HhSmiAkaUde \9ad 2504. The wire-bonded die
2534 is attached to theadlieppads2504 B4t arfi ddhkdberizdnderial A5 ttasdaaredixtverad thatthe die pad
2504 provide uctural stability .and decre isk .of delamination from the.integrated circuit 2534. The
Structiral suspan B by D g Rt e AT o S e R R
performance Bt gty patdd sirodnlsaokagirrpssstarthosaps 2528 heewgetivbegitdeosRefatial integrated

circuit 2534 is gjgcticaliy cnirestad HBﬁH@th@%%ﬁcﬁét?f?eWiQﬁl%r@&ﬁ@ﬁ@t%%&ﬁgﬁﬁﬁ@&?&tﬁéa@ond wires.
The bond wires 2540 are shown_in direct contact with the traces 2532 at various points along the trace
2532. The bold'Wires P84665h b corndetiaalde drdigabutosistsah gigaliritdibhehdintegrated
circuit 2534, gpageltyatlanrptimablisidnes dhesssbetweepe o exdacpantiantaidiedrace Ebadzibeyond the
gaps 2528 and.away from the integrated circuit 2534. s pbeen discovered th traces 2532
Brovide. oG B DA S B kR T o o S e DA elona0, Thi

improvement is foutichiselbzansbstioaarddithao thb &rarate$3258 PhisHeprgat thantwwidinebtindeihtaiconnects

2540 thus in%&%ﬁdﬁﬁ%@%@?ﬁﬁ' f%@%%@ﬂﬁei@&ﬂ@?ﬁﬂ?&im%@BYeHAB[@%%QHiﬁlhgf{ QRARALY
performance. Further, utilizing the traces 2532 along with the terminals 2506 of the present invention

decreases thBTEATGIANST the fretdaEC 9540 e o8 AaH el dfgFRsl propaditidls'fsEsternal
devices and systeiis2Decraasing thenlangthsob the intencdnneets At de igases mandihaiuring costs by
reducing the amount of costly material used, like gold, in the prqcess of wire bonding the integrated circuit
vl s R SRt A
encapsulatiom®BaRedréiecein apsigmiony 2819 240 Bemglebnoporfiincesisteaotdirgomrodtnetydncasement

structure. RS tlﬂgegrgéé@\{%gﬁigﬁatifﬂ“ﬂﬁiﬁ%@eai:é%eéfzﬁi%% afithe REeFanLINYERREARLoNjUNction

with the interconnects 2540 and the encapsulation 2542 decreases production costs and complexity by
decreasing bBRRYGHEY540 span. It has also been discovered that utilizing the traces 2532 of the present
invention in conjunciiesvyvitie e patepsonneaisidk4th@odiloei erEapaepation X54» deboaasediproduction

costs and complexity by providi ell laid out system.for e i connecting the i rated circuit
o 1 the I B B e B e 0 e e
complexity ofathaetisdriel thrd2B4i220hfigraniedhisisaBStantially decreased a less expensive

non-compression Melgingwan REETRIQYGEhe the THE éﬁH@‘E%}ﬁ%ﬁo@i@_e@é’tﬁl%&Pm&mﬁWQ{%_lCon”eCtEd
to the terminals 2506 directly with the interconnects 2540 having the interconnects 2540 in direct contact

with the termf§1&2o8b6isnali<siaraatiom e ihe &8 1og 8 dTHE WirdBon dEBEdiE Y44 iRRBHther employ
a hybrid appreactiallewing do semeconracikanssto thedesmioaise kIaBnihesirpetfamcthatbers to be made
through the tl{ﬁ\g ?nste%g?zﬁgd circuit packaging system 2500.
The active side 2536 of the integrated circuit 2534 is electrically connected to the

traces 2532 with interconnects 2540 depicted as bond wires. The bond wires 2540 are shown

in direct contact with the traces 2532 at various points along the trace 2532. The bond wires

2540 can be connected over the gaps 2528, along the trace near the integrated circuit 2534,

spaced at an optimal distance there between, or on a portion of the trace 2532 beyond the

gaps 2528 and away from the integrated circuit 2534.

It has been discovered that the traces 2532 provide improved electrical performance

by allowing the utilization of shorter bond wires 2540. This improvement is found because
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Multiple layers of the traces 2532 and the dielectric material 2508 can be formed to enable signal routing
with many more connection points. The traces 2532 can be fused together to enable power, ground, or
signals to be routed to multiple terminals 2506 or multiple bond wires 2540. The terminals 2506 are
depicted in a multi row configuration designed to efficiently utilize the full space below the integrated

circuit packadfiagrégidremtixsoacssza5ahdsdatbicdaret sridrerfbbndniices s 502540 tReferdmgngow to FIG.
26, therein isjshowi gimapgnified & %&'3@&3@5@&@%@9r%@ﬁ@sﬁ%"@i@}ﬁ)fﬁ%lﬁe&?- J&%ﬂﬂﬁﬁg@ted circuit
packaging system 2500 can include the bottom portion 2518 of the terminals 2506 with a conformal
coating or layelt BEthE HERE R YarSs 28 thahtisn Mo FERipy e 98 28 LyBRRY RYIg portions of
the dent 252QdreardhehbasegRbaPl theltiatiesnpectionsi0fthgictenia? Z2@ nirarsiaeamaxpagimiowidth 2516 of
the terminals 2500 s ot soetied e eoniact Vel 2380 Pu} 18 X0 edhea, TombRATIes 26401is
shown connected 1o the traces 2532 and formed within thé traces 2532, The traces 2532 are further

shown formethavitfigiehaggpts PB26lneiddillingraeant ofi eosiblumisof] the g dibs 2998in the RreReming now to

FIG. 27, ther%m§§MngtﬁgQ§§g‘§&@mhﬁig%gf an integrated circuit packaging system 2700 in a fifth
embodiment of the present invention. The ir]te%%zjted circuit pacclf<a ir%%/system 2700 can include terminals
o

2706. The terminal*358 e Basradadrg LomittctBs HLLigeg it dpeatrare st iures above
the terminal anchpaiingdaiesal iTvlatampramidiesueantast with athefiteraiialsdaiifisredson the

terminals 2706 argnz%ﬁ rﬂgwn as standoff terminals. Above the terminals 2706 is a dielectric material

2708. The digfggtsrlc ma?erlatluﬁe‘]OS is formed in direct contact with the terminals 2706. The dielectric
material 2708 is shdwkpsobasaddisaversd thet taris stx7 08cFhedSdiklelctiie praseniali?oBorigitly couples

the terminals 24 éﬁoﬁ'%ﬁlt%@[ﬁfbﬁeéﬂ{%ﬁ&aﬁft@@% the cHAgpIQITRNRIS47 Qﬁ&é@s@b%%@&%lﬂg_ atop
2710. The top 2710 of the terminals 2706 _can include a§plateau 2712 and also include depressions 2714

extending frofASthé T SRR Piodgrsasita hendititts 2748 Sethe kAl eobsiseREtidibetric material
2708 is in directiciaptaet vuitbs thE3popr 2l Prafkthentesimvmais oo ftam the phataacrcdhbecto 2hmaximum
width 2716 of tfée teerermnaslslgtz(%%gg Hlls in gs]e r% dggggsigg&%&]ﬁ. - 1eBXeAO\{\)/ th?ogé?ﬁimumewidth 2716 of
the terminals™? dg iS'a bottom portion 5718 exten INng down ffom the maximun width 2718 of the
terminals 2708dThé Hsteonfporiomiamys-eareitiolthe anthamtod 20caxtehding dewerfrorsReMmaximum

width 2716 to,aRaseRlzmotibeRtQm-Beriom 24 18,T habasener 23;is dapicisaasplageager flat. In the
bottom portion 2718 and centered within the base 2722 are dimpled surfaces 2724. The dimpled

surfaces 27220840 rolh et A BRSSP BT I el SGrSEes 199X BETHE SMIFRIPEFHBR Covering
some of the hastomppantiredipld éd.a contact layer 2726. The contact layer 2726 is defined as a material

that can rigidly join tg the. surface of the terminals. 2706 and form electrical conneci witqéother
Componens an o e STOEICY (e R A o rr Ao T NTAL B, 95 cam e
solder paste,vatagierisontaimirnts 2246 Heddg dreadonduative 231tfhitednperetuies tpoitntier (cTinedontact layer

2726 can covengame RbENANhPRHIN 2538 of ibeARIBINAL 21084 ANENRE caRIMAl layer with

a uniform
hybrid approach allowing for some connections to the terminals 2506 to be direct and others

to be made through the traces 2532.

Multiple layers of the traces 2532 and the dielectric material 2508 can be formed to
enable signal routing with many more connection points. The traces 2532 can be fused
together to enable power, ground, or signals to be routed to multiple terminals 2506 or
multiple bond wires 2540. The terminals 2506 are depicted in a multi row configuration
designed to efficiently utilize the full space below the integrated circuit packaging system
2500 size and enables yet shorter bond wires 2540.

Referring now to FIG. 26, therein is shown a magnified cross-sectional view of region
26--26 of FIG. 25. The integrated circuit packaging system 2500 can include the bottom

portion 2518 of the terminals 2506 with a conformal coating or layer of the contact layer
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cross-section. The contact layer 2726 is shown covering the bottom portion 2718 surface of the terminals
2706 with an even and conformal film along the base 2722 and within the dimpled surfaces 2724. It
has been discovered that the contact layer 2726 formed on side surfaces within the dimpled surfaces
2724 increase solder coverage. Increasing solder coverage with the terminals 2706 increases board level

reliability and2péeftherrancellrrentesithseiaydp 27d@istatheopease moigantbmeudene? Tihnber themed by a

printing pfoc%%%tbﬂﬁl%tiGﬁﬁaﬁﬁﬂ%@%ﬁkﬁéﬁ%ﬁgmfﬁgﬁmg WithWLARA oI COStSe termida® top 2710 of
the terminals 2706 are shown having the dielectric material 2708 formed thereon. The dielectric material

2708 can inchad G198 @7 LRYHYE (55185 18 40 BB PBSHs of the plateau 2712 from between the
dielectric material 2TR8bdik wiagps234Q 3salie» defivadeatd @apeotralasexice afdherdielestricrmaderial 2708
that exposes porti f the plate 12 from between the dielectric material 2708, The diglectric
materil 2708 S L5 He RS Sorpalt t G F R B AT AR BT e
rigidity in the dntegraleacirtiic parskaifg system 2700. The dielectric material 2708 is designed to
increase reliability aad-simetal fioidity i theformofibedielesisicmmiaiaha7Qs filingdhedepressions
2714 and having smaller gaps 2728 on the plateau 2712. On an upper surface 2730 of the dielectric
material 27O§15?%‘%P§8]é¥§‘$§§?t?ﬂezﬂ(§)c’é’sa£f§26 ormeE P RRR R GAN 92 8 TBd e Sy connect to
and directly confisicpibieapiageasiedd 2200fctHie ieliménaim2 B0 2q sk byninel g2is ak2& hedween the
dielectric material 670811 U2ees 2732 s defined as conductive clementy desianed 1g registribute
electrical signeﬁs. e traces 2737 are §e3|gne to redistribute elec rlcéflr&gna S in'thatt ey are generally
electrically istielsignriotrediwsssasipdargeh totedigoaitials i frdlisovesro tivaiasiiieindianeelsmd do not
cover the entjrg WaRELSHde R A Of the dielectric material 2708. It has been discovered that the
traces 2732 of the present invention when coupled with the terminals 2706 and formed on the dielectric
material 2708 enabfeP8HfdintonRRAN SR BATRTHHCRYFHRE S strbte 9956t HRAS MM &Rion of the
traces 2732, théodlieledirigimmatesizd? 40e arddheitelmn@ds ATHoaikas bieanatisebYy20edstehbavie improved
thermal and electrical properties when combined.and utilized in the. bed fashion. Improving the
integrated ci T L b S HS00 i bet e o e P B S Btz e
present inveritionialnURiple plrsatodphighsstrasseali@®high temperature applications. Above the traces
2732 is an integrated, cigWil A1 6 RICISH 38 i WHEaRepde thdiehayingy ah acHY eeaitg.s 2R dacing away

from the traces 2732. The wire-bonded die 2734 is attached to the traces 2732 and the dielectric material
2708 with an‘@AHBSAF 27Blgean ke ardiids Qi 9936 Br thucmitedrdred enting oauly dbtiieally
connected toXhe ttacemivdnvishdmtermonsedis Ridhdepmied asdbopRwikes aldaloong wiias 2740 are

shown in direct contact with the trac 732 at various hoj along the tra 732. The bond wires 2740
o e conn e e 16 oy R P e S R o
optimal distamaethHErsd béthreermorls? @ponddilofrtiec tdapweBird2 Hdyond the gaps 2728 and away from

the integrated circug 3434me mbkiasPeaRHissyesethinatigaitesns 43¢ 32 wiavidsdmproyerk electrical
performance by allowing the utilization of shorter bond wires 2740. This improvement is found because

the width of tREP4EEsIOY B e e PRI of dechtRs dermiats 2P0 HissPitiRiAY €8s electrical
resistance argy iduataatridhedei)y? mnoreasiignpighwiietoieney medenmancih Burtera viikznpihe traces

2732 along wih e [erminals, 2700 of the prseny jayention degreases the lenothof fhe injerconnects
2740 require8 fore ec?lvep8|gnal propagation to externa devicesa systems. Decreasing the length of
the interconneatso2 2208dacreasersdnatiufiabtuping Lostsbylirepladisgfises@mMbunt of costly material used,

like gold, in the pro%\gsd%wé@sgf}g@pg%ciﬂ{%grﬁ)ﬁﬂfh&i@é"ﬁl@%ﬁ‘ln the dimpled surfaces 2724 of

the terminals 2706. Covering some of the bottom portion 2718 is a contact layer 2726. The
contact layer 2726 is defined as a material that can rigidly join to the surface of the terminals
2706 and form electrical connections with other components and capable of being reflowed
to form firm connections. The contact layer 2726 can be a solder paste, a layer containing tin
or lead, or a conductive high temperature polymer. The contact layer 2726 can cover some of

the bottom portion 2718 of the terminals 2706 with an even conformal layer with a uniform
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Around the integrated circuit 2734 the interconnects 2740 and the traces 2732 is an encapsulation 2742.
The encapsulation 2742 can be glob top, film assist molding, or other encasement structure. It has
been discovered that utilizing the traces 2732 of the present invention in conjunction with the
interconnects 2740 and the encapsulation 2742 decreases production costs and complexity by
decreasing boiRsswieioT40heranta¢tHasenBE b semenstovede that hatilprinpetHen2dd8ss 732 of the present

invention in c@pjungtipNithhéhgiinterconnesta 244@and e encaraidasion 2742 dgcie@se meroduction
costs and complexity b)égrowdmg a well laid out system for electrically connecting the integrated circuit

2734 to the t&HmRRdS BSwithiout requiring the interconnects 2740 to cross one another. Since the
complexity of the banbhwire2 ddCoeertigtsatiancissidbiigntiaids deciedsadiddess@xpearnigiiiethe
non-compression néloldl g:car}.;ﬁ enmcggelggle do1der 'Iég\g wire- b drggcril 21 e4rcan 0 tlona Ha e connected
to the terminals B]f wectfy with the Interconnects 2740 havmg ﬁ1eg|nterconnectsg§7% irect contact
with the termipansn2i0% e ihésesisteboshictise rhdulte 280 perHerwiedb ohbiedodiece r3ar A Giwtther employ

a_hybrid appiach.alawing 1865 0MencPRAE CHONS AN & fetminaleng 7/ PR dosbardirast andeathers to be
made through thgilteraces 2732. MuI'EﬁEIe layers of the %rGaces 273%2 ea%d the dlefeﬁcftrlc r%at%%:’al 2708 can

be formed to BAHBRSLigHaPsTARY ViB thatiorie @8hnection points. The traces 2732 can be fused
together to enable hwespRDLNA] ceSigmalsato DE6autechtovmbiiiple teendisrlsr27 Oteranaftisle bond

wires 2740. The terminals 2706 ar icte ti row con |gurat| eS| e toﬁg Iy utilize the
full space be Wmt?](gl%ntregrate c%é%?f%%cwagﬁﬁaﬁgyggem 85|z§agng eénabi S[E yg ks oiterﬁ‘bond wires

2740. Refaning protiots PIGhe2platharainl & shovistayspadnifiddleriossnysetignal Qdewlod gagion 28--28 of
FIG. 27. The jptgoiatagkcicguil 9%&5%9'Méﬁé@tgmh%lﬁgé‘c%'HQ#AQ%@R)@%@%&B&G&?@B%%@&f the

terminals 2706 with a conformal coating or layer of the contact layer 2726 thereon. The contact layer
2726 is depictsPRRERErE Pyt i et T8l BUP R ovdRci ikt is8a s 3 R F e dimpled
surfaces 2728e desidiiea bangpuiteke2ddlisishoverdaangeeiegdari e tiaces datand feimgdwithin the

traces 2732. he traces (gz&gu%rﬁowgtg%ségown dBeeret ire]légt%g%??enafg?%@d fi 4|n%§8§ fntlre volume

of the gaps 215 eferrlng erein is shown a terminal assemb or use in an
embodiment mﬁth@@t@@@mtmv@hﬁ@wtmhbrmﬂﬂmaltb@é@mbiith@O@le@tnqnnm@ké?ﬁﬁrfdlmgm in direct

contact with %é%g@%ﬂ&ﬁﬁi%ﬂ@h%%ﬂ@ s%@ﬁeﬁ%{ﬁ&@%&ﬁ%é pitherhaye a maximum width 2916 and a

bottom portion 2918 below the maximum wid
On an upper surface 2730 of the dielectric material 2708 are traces 2732. The traces

2732 are formed within the gaps 2728 to electrically connect to and directly contact the
plateau 2712 of the terminals 2706 exposed by the gaps 2728 between the dielectric material
2708. The traces 2732 are defined as conductive elements designed to redistribute electrical
signals. The traces 2732 are designed to redistribute electrical signals in that they are
generally electrically isolated, not excessively large to reduce the introduction of parasitic
inductance and do not cover the entire upper surface 2730 of the dielectric material 2708.

It has been discovered that the traces 2732 of the present invention when coupled with
the terminals 2706 and formed on the dielectric material 2708 enable efficient high thermal
performance of the substrate 2709. The combination of the traces 2732, the dielectric
material 2708, and the terminals 2706 has been discovered to have improved thermal and
electrical properties when combined and utilized in the described fashion. Improving the
integrated circuit packaging systems 2700 thermal performance increases the opportunity to
utilize the present invention in multiple areas of high stress and high temperature

applications.

23



The bottom portion 2918 has a dent 2920 extending down from the maximum width 2916 to a base 2922.
Centered within the base 2922 are dimpled surfaces 2924. The bottom portion 2918 of the terminals 2906
are coated with a conformal coating or layer of a contact layer 2926 thereon. The contact layer 2926 is
depicted covering portions of the dent 2920 near the base 2922 but other portions of the dent 2920 near
the maximum width/d®ve tfettiadesAidals 2008 kRerstdovers b tderidedatt tayaicdondedudiis exposed.

The contact Igygh 292 8dgthenFHOWRIFOYRHDT e aR <922 hut 1% QliR caniackrRreaveting the
dimpled surfaces 2924. Above the terminals 2906 the dielectric material 2908 can include gaps 2928

formed therefti&gERIBS IRy thé R dis d6bsikmaa N d3b Y Woasadherivedifdlt contact with the
terminals 2906 are Tacasi2932del B3 & acake2ddaredstiewh tninad sithiftineg gaps29P&and filling the
entire volume of th $,2928. Bond wi 940 are connected tg.the traces 2 and formed within the
races 2050 T e B & S rated circut
packaging systdireS000ths tavsikthembedimEntobtiippestntlipne idmct Ré 3dtefratea¢indiss packaging
system 3000 gap nglwde mAieRrdvaPit 3nsk terminals 3eQ6JRenarmipais300% iR defined as a

conductor designed to provide clearance for structures above the terminal and having lateral isolation

from direct cSRESRT Rt STREPLAHASTS; RSrHRE PESRoT tRR ARAEHRRIOBBS6 148 ATS RAVPA 4€ standoff

terminals.  g#bavedhadeimyralenIDOmiscadieleciicaTaterial 3008. The dielectric material 3008 is

deposited in direct GOptact, \e/vitgithe die Qg% ﬁil004 and2 terminals 3006. The d lectlr,[icrmaterial 3008 is
006b.

ie
SCovere trace TOVIdC. 1 V d cleclrica CI'TO nce
shown formed between the terminals g %e |eﬁectr|cpmaterlafn§6%§ IS uri er ghown ?ormed between

the terminalst300Bwivg the Widizetdnaodhonhebdialeetide AaterifhBoodryidiyntos phosdbecarninals 3006

and the die pad 3084 & H{@Q{%&E’sf@?@ 3sSHRRYY ?15%139@9dth of the iﬁﬁE%H?ﬁl&é%@Eﬁu%hQ&ﬁ@iﬁ?Vi_ng a top
3010. The top 3010 of the terminals 3006 can include a plateau 3012 and also include depressions 3014

extending frolitthe5IERAICSHERD 80 BAHRHRCGIETRY 1T AHBE SHEIn HRISHSE. RSEWERELric material
3008 is in directthentadh xitikh die tage3QYB20f1ig teimita xSt fsoImiheplateptes30il zhterdttienmaximum
width 3016 of the tsegm'naisHS%ng Hg {il srin I}Qee tcSI ﬁ??iogf?egot%ﬂ' ffectIIBV%I(g}/v JQG ]r:p)aximum t\(/)vidth 3016 of
the terminalls,d%]&%l IS a bottom portion 518"ex eneé?:lg dolhfrom the maxintirn wickho3016 Of the
terminals 3008!<Té Bottorn Ppultivr sl 8 Begrdrghedda ldegth 3020 e xendinge dowrddotecthesenaximum
width 3016 tg,aha363022 Qihe %ﬁ@fﬁ'gf?ﬁ’été%émﬁ-cgﬁﬁzlﬂ%ﬁ@riﬁ@@%d?lﬁ%@&ﬁiﬁ%@'ﬁ%@és@r flat. In the

bottom portion 3018 and centered within the base 3022 are dimpled surfaces 3024. The bottom portion
3018 is depicbd 5 Ranging Beraifer 8 LHETEr A the top 3010 providing increased standoff distance and

clearance. The dimpledrsliifrgescd0i4 dre algashpiicinmned IndhardiehpachdQ@Y3The dimpled

surfaces 3024 can lﬁe .corgﬁ[gd shown ip thg gwled u_rf%%ef% 301214 of th%diegpad 3004 and the

terminals 30(5:8.0@&3%% some o etﬁ@%B?PogrlHOportion 901%isa coﬁta%:ﬂé%lrs 026. THhe rcgtn fact layer 3026

is defined as anstaei| tivattean rigidly join to the surface of the terminals 3006 and form electrical

connections with otfef, copppnats.end taralis 4hPeiRaF&IQWed 1o, forin mERNRARSHRARS i he contact
layer 3026 can be a solder paste, a layer containing tin or lead, or a conductive high temperature

polymer. The BRI BRI UYGESsoife BB LB YMItbT 31 8e6tcftestBFAHAIE"3006 with an
even conformakdayed withipgexiffesndcieasBebbiwire 2740 span. It has also been discovered that

utilizing the traces 2732 of the present invention in conjunction with the interconnects 2740
and the encapsulation 2742 decreases production costs and complexity by providing a well
laid out system for electrically connecting the integrated circuit 2734 to the terminals 2706
without requiring the interconnects 2740 to cross one another. Since the complexity of the
bond wire 2740 configuration is substantially decreased a less expensive non-compression
molding can be employed.

The wire-bonded die 2734 can optionally be connected to the terminals 2706 directly
with the interconnects 2740 having the interconnects 2740 in direct contact with the terminals

2706 and isolated from the traces 2732. The wire-bonded die 2734 can further employ a
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The contact layer 3026 is shown covering the bottom portion 3018 surface of the terminals 3006 with an
even and conformal film along the base 3022 and within the dimpled surfaces 3024. The contact layer
3026 is further depicted covering the underside of the die pad 3004 and forming a film within the dimpled
surfaces 3024 of the die pad 3004. It has been discovered that the contact layer 3026 formed on side
surfaces like bibrdesnp382D altvighieor temelieapheetionsiicts SoRUnne A6 sbidbresbyedagieerincreasing
solder coveraggyithithetrigninglg20087and the die pad 3004 increases board level reliability and
performance. The contact layer 3026 of the present invention further can be formed by a printing process
thereby increasing MARIRSJAYRRGPHIBRILR S witho A dbrudfls e tissiaateriabg {08 gansba PEPtHdYerminals
3006 are shosiabiavipgathewistectitic nmate riad:30LMiestuadpiiereorrht headiel2ridccanateriak3008 can
include gaps 3028 on the top 3010 that expose portions of the plateau 3012 from.betw the dielectric
materil 008 T b e S e aech Sy e AR G (MBI e
exposes portiowsipt thenglateetu23692 fFomterawelsr2iivé dieldepiiiothanctial 8008V T¢naldtalettic material
3008 can be gegignedRrERAAY tRaiSTHNNAIS %9966 MWQ&@E@@%@@%P@J@&I%@%@%@' rigidity in
the integrated circuit packaging system 3000. The dielectric material 3008 is designed to increase
reliability anc?<HUEHFAMTiGIaRIF I thehrsieh Ropthe g flétfic material 3008 filling the depressions 3014 and
having smaller gapRa@zthgndhapiat@as,30d2in is shivaa tpperisdidace 0G6haf they dittegisic material
3008 are tra 32..The traces 3032 are formed within.the S to electrically connect to and
ditectly comet 126 i Jo13 bt P AT Bt Sutheastey o S BB, (G eoctic
material 300PoTiva (fAte9BOR 2 raieidfiRd0asidondustivenel cprsing elekirmied tbaredistdbliecelectrical

signals. The tragesdQa% arfdesianed o Eostikik-Rlgclichsignals i thal iR aaenesally

electrically isolated, not excessivel Iarc?e to reduce the introduction of parasitic inductance and do not
cover the entit¥ Efb‘ﬁé‘l“%ﬁ?f’&@é%‘%ﬁ% ardregisneladicuriatey i Zoos. It has been discovered that the
traces 3032 of the preseshdnwasiianayheshoouplednadthdtiie dermioal 2 30D enanddasmeditn the dielectric

material 3008 ena Iﬁ fficient high rmal performance of trg]gs bstrate 30 he combination of the
racos 3032, eI e e R e 2 R IR oved
thermal and elditricdhpopetiegapiddombined and utilized in the described fashion. Improving the

integrated circuit P%&%ﬂ’ﬁg S¥stemsi3096 thermat Parfonmanss inareases hesppRerURity, i utilize the
present invention in multiple areas of high stress and high temperatur?%ézilﬁp ications. Above the die

pad 3004 is &RdgIRea SRR SR BERILad 4% \Wirdmabatsa ke FERfg it LB dn36 facing
away from theodie ipatirddbnkbe wikcabgindedidin 36834 ®agtaaheddmihel dizopadudBod hwith an adhesive
3038. It has been dis d that.the die pad 3 rovides structural stabili nd decreased risk of
oination T o L B e oot 2004 has
been discovered to Thereetsarehaiiity Hitchperfdamali2e ofthdintagraidtooirdyitpackagingdiistem 3000.

The active sidg;3Q34 pidhedmeqraledaitcii 3AR4iRLIosticaly GoRASHRL LIS ragesiRae with

interconnects 3040 depicted as bond wires. The bond wires 3040 are shown in direct contact with the
traces 3032 RCUHLHY pOhtedrsmipaie?9eersseated NEth 3 WAER BeG tarr oY Eotine608H Dver the gaps
3028, along thedracecn@arcthe imegraiedCiigelit?8084; gppiced abaiinpiorabaistaneedhereobetween, or on

a portion of the trace 3032 2YNS e AR5, 307 5,208,296 o s intedraied fioyt £ 98t
terminals 2906 is not covered by the contact layer 2926 but is exposed.

The contact layer 2926 is further shown covering the base 2922 but is not in contact

or covering the dimpled surfaces 2924. Above the terminals 2906 the dielectric material

2908 can include gaps 2928 formed therein and exposing the terminals 2906. Within the

gaps 2928 and in direct contact with the terminals 2906 are traces 2932. The traces 2932 are

shown formed within the gaps 2928 and filling the entire volume of the gaps 2928. Bond

wires 2940 are connected to the traces 2932 and formed within the traces 2932.
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It has been discovered that the traces 3032 provide improved electrical performance by allowing the
utilization of shorter bond wires 3040. This improvement is found because the width of the traces 3032 is
larger than a width of the interconnects 3040 thus inducing less electrical resistance and inductance
thereby increasing high frequency performance. Further, utilizing the traces 3032 along with the terminals
3006 of the presentRateaitipnaie dreBes3thehemrgtisofhvienmeresnsrstrndoveweuirethiardtiéctive signal

propagation {qgxfemrkalayicessand sustems -Dgaicasipadhelengthef hedniercaneats 3840 decreases
manufacturing costs by reducing the amount of costly material used, like gold, in the ﬁrocess of wire

bonding the iME&RIRSF ERELRASEREANE sysikmGHA RN st c Rl A0 3G miReR SANe cld'3040 and the
traces 3032 isanencap®ulatidefizod 2s 1 hendncapdutatied B0g3candenglal topsthlinassisionolding, or
other encasement structure. On the dimpled surfaces 3024 are sojder ball drops 3044. loying solder
pall crops 3000 R0 A S S SR hed G 2 SR PR TR v
reliability.  réesvasiisdermdisbotélearerdiouthivipsicandateleB3082lof the present invention in conjunction

with the interconneg{s 3Q4R-aB0nig EH6RPRUIAHR A4 2 HE61£366S PHRAURLANLOsIRARE fpRPlexity by
decreasing bond wire 3040 span. It has also been discovered that utilizing the traces 3032 of the present

invention in cSHERRSA WitirtsbsrrEdonitadie d54r4nd%handibsy h %2 derdislsstibroduction
costs and complaxity3byspkosticngfarmedl batel cut iy stemitolk sl@mriclly dasnectingdhisl Buegiated circuit
3034 to the terminals 3006. without requiring the inter ects 3040 to ¢ ne.another. Since the
complexity of PO i 0 RHoh it o it e B e AL
non-compressiseriaoldiifgrazd b ecampiohe dermindth 8 Wireusb Hgedi i S 68% canpdistionalfybe connected
to the terming|s,3PR6-diggctly with the interconnects 3040 having the interconnects 3040 in direct contact
with the terminals 3006 and isolated from the traces 3032. The wire-bonded die 3034 can further employ

a hybrid approach ARG s A6 AMEEESALRS freRaHHindike3opa t e trdetHnalbthePs to be made
through the trageiad@®2a platbdultiple layeessofithtutiades88da apol thexdisdaatricomatieyiplad8 can be
formed to en ignal routing wi e connecti oints. The traces 303 be fused
togather 1o oa N N RS R R s MR TR IR S TS o
wires 3040. TliksdeepinelsvBDUS: dep A Hiofeddncanmmalti $600 Comfitheraticrelésigrie dhtonedficiamly utilize the

full space belgyyiheinfearaled Gt BB6KAG ALY SR M3 RI28ARd enables yet shorter bond wires
3040. Referring now to FIG. 31, therein is shown a magnified cross-sectional view of reiion 31--31

of FIG. 30. The inteBFA&atRs coat PRERaYIAL s rAf 308 RN HtIANY tHe HBAM pHiSA 3618 of the
terminals 30Q&atwitling aonfofivml weatingmiitayedbiine conteaktaies 3086stheravtibhepoamsact layer

3026 is depi not covering an rtion of the dent 3020,but covering th % 3022 a e dimpled
Surtaces 3000 TS S0 L S o o S IR A A Bt et the
traces 3032. Tthétrheesn3p8iare3fithelshdas f82Add deiphitedhes qagsu302 8aindliilimgttbicoantire volume

of the gaps 3&%%&(%}@ the dimeled suifacaR ¥ 7nd BRI PR LoNREL IR 3026 g Rplder ball

drops 3044 are formed. , , o
portion 3018 is depicted as slightly smaller or shorter than the top 3010 providing increased

standoff distance and clearance.

The dimpled surfaces 3024 are also shown formed in the die pad 3004. The dimpled
surfaces 3024 can be cornered as shown in the dimpled surfaces 3024 of the die pad 3004 and
the terminals 3006. Covering some of the bottom portion 3018 is a contact layer 3026. The
contact layer 3026 is defined as a material that can rigidly join to the surface of the terminals
3006 and form electrical connections with other components and capable of being reflowed
to form firm connections. The contact layer 3026 can be a solder paste, a layer containing tin
or lead, or a conductive high temperature polymer. The contact layer 3026 can cover some of
the bottom portion 3018 of the terminals 3006 with an even conformal layer with a uniform

cross-section.
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Referring now to FIG. 32, therein is shown a cross-sectional view of an integrated circuit packaging
system 3200 in a seventh embodiment of the present invention. The integrated circuit packaging system
3200 can include terminals 3206. The terminals 3206 are defined as a conductor designed to provide
clearance for structures above the terminal and having lateral isolation from direct contact with other
terminals; for this rebxsoeottiectdayindl¥ 820 sharenaegakingvihcalotrn dottiay A alsurfaceapioths the

terminals 32065 @ distReikiGmateral 3RPBontbendisiGatie PateiRlS20S igPuma mdiggicpntact with

the terminals 3206. The dielectric material 3208 is shown formed between the terminals 3206. The

dielectric mat¥iaret& fiqgilihy COBBR AR ARl Bsheehidid & Yoo e Widstidaeabeglic  The
terminals 32@adBeEhoohainpg &ltopydRihQhel tienpdgl 32dtcaf thedtef mindis RAGO@AN include a plateau

3212 and also incl depressions 3214 .extending fr th teau 3212 to.a maximum width 3216 of
?:II%SCF %ISCOVGI‘G%IIA.‘[h %80%1%'%018%&61‘%8% ?orme Oﬁ 31de Sg?i( €S #'%16 '[Il(]je

X
the terminals 3206. electric materlaflg ct contact with the top of the terminals

3206 from thdprateal @2 12itlytike idiaitnd suifaeih 324 dnefakie teldainalse8206 Wetkfitisdnalierdepressions
3214.  BelQWcthe-maninem wigihsShe ohdhectaimninglsodd0Ris AR ROtienFLE exiending down

from the maximum width 3216 of the terminals 3206. The bottom portion 3218 can include a dent 3220
extending doRi HEHA5e BKFARAT WA 39346 25 YhBCscsL Iy itk HoRTh T Polidi e The base 3222
is depicted apmiiangapaiclatiHerdbe ibatiain potinmddli8amndcoenierabouthiditlosabases 3222 are dimpled
surfaces 3224. e di surfaces 3224 be rounded as shown.in the dimple ces 3224 of
the terminals 5206, Luchg Eoute bt T o oAt 95 g R 55 40 o LDt ayer
3226 is definé&udmedatergterialtivadickstrigidlytjor R ecsuifmdedofetne EiBinalthe206 HHE fban electrical

connections with Qther coBPRRNER AT §@pﬁ@&@%@@&@&rﬁféowagc¥ﬁé%me%ﬁ %F‘eﬁﬂé’@.ﬁpér he contact
layer 3226 can be a solder paste, a layer containing tin or lead, or a conductive high temperature

polymer. The’8oR&EtdehRd3s 76%8R R RSP A6 IR BEEIHIPEIIIN B I8 GPIESEBIRINIS3206 with an
even conformiad [ayervitn afusifervesasies@ickionic hacontaoslayae 322e iscshoatihCe0esitg the bottom
portion 3218 surface of”he ter innal§ 3206 ngbgra even and com%f) mal film a{orégu} E%?@SZZZ and

within the dirﬁﬁlgﬁlgﬁ? aces 3954 erllflhngésbeen discovered that the contac ]I%lyer rmed on side

surfaces withiretinedinipledrouitfaeengp2 4 inicrea¥idGoldbe dinleraigenitoiebsifg soltbsrenoddrage with the
terminals 32Qf {acreasesiRRAIR YR AR BRI A ReriorMance i lRe coniack a8 SAafmotibe present

invention further can be formed by a printing process thereby increasing manufacturing precision without
additional co8f®ressioppd0bhaas eV nEbrnaARls 30w dhe Rl A%ing the dielectric material 3208
formed thereon. Thediglegisie mateEa03203 tanliclelute gapsad3883andthadams2d 0Thataxpose portions

of the platea 2 fram between the dielecfric material 3208. The s 3228 are defined as a gap or
bsance o G SR AER G e WIS LA EEP o IR RE TSRy et R 2 9P
dielectric matgnahB208 Phéieletmit AReeriBa0ByEn b daelgrethe s lispdrieheitoraimals 3206

during procesg@ndiR. iGrease: st i Loidity B he it HAR GGG RECkALINGL RYSI&m3£00. The
dielectric material 3208 is designed to , o , , ,
signals. The traces 3032 are designed to redistribute electrical signals in that they are

generally electrically isolated, not excessively large to reduce the introduction of parasitic
inductance and do not cover the entire upper surface 3030 of the dielectric material 3008.

It has been discovered that the traces 3032 of the present invention when coupled with
the terminals 3006 and formed on the dielectric material 3008 enable efficient high thermal
performance of the substrate 3009. The combination of the traces 3032, the dielectric
material 3008, and the terminals 3006 has been discovered to have improved thermal and
electrical properties when combined and utilized in the described fashion. Improving the
integrated circuit packaging systems 3000 thermal performance increases the opportunity to
utilize the present invention in multiple areas of high stress and high temperature

applications.
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increase reliability and structural rigidity in the form of the dielectric material 3208 filling the depressions
3214 and having smaller gaps 3228 on the plateau 3212. On an upper surface 3230 of the dielectric
material 3208 are traces 3232. The traces 3232 are formed within the gaps 3228 to electrically connect to
and directly contact the plateau 3212 of the terminals 3206 exposed by the gaps 3228 between the
dielectric material 32bgveTthe thaows! 3982 isrendefsetedsctond dobdalatnnd msadedigheeed hdistribute
electrical signalgnd he fkacesid23naradesigngdiod edisiiguie piectriarl signahdadhat tosy are generally

electrically isolated, not excessively large to reduce the introduction of parasitic inductance and do not

cover the entf&ellsHdp iz ed b aidbetive Adterial 3208. It has been discovered that the
traces 3232 of the pgresanbbwviedilonvatae nicouple diwithathes dormpnalala? Qavand formaeidign the dielectric
material 3208 enable efficiept high.thermal performance of. the substrate 3209. The combination of the
traces 3552, TE T S G R S e S0 TR Pprovea
thermal and elesidehbpropalitandbd basrisited sateodixethirethe dbskitibeenthptrionnmmgsroling the

integrated cirgféim‘gé;g%qi@gcg}{sggm%;%ggs@g{mbperformance increases the opportunity to utilize the
present invention in multiple areas of high stress and high temperature applications. Above the traces

3232 is an integratettifcie394a Gk draduegirish oot W HawiRgER R R B238%acing away
from the traceadd?323 T hamiterbanded siaB2Acisditaehddviecthertiabesd3vidR andbthe shelectric material
3208 with an.adhesjve 3238..The traces xtend beyond,the integrat ircuit 3234. . The active
e 336 of I B S R NG PR it wies e e
3240 depictedd8 bonbewirerscrideobemdiandaes J240 dpasHoviradn oirecheonegutodbinve 8ees 3232 at

various pointgalang,ihe BAGR323%antDeRANIWIERS, 3240 GoFLR/ FIMEC L O¥BEING gaRs228, along

the trace near the integrated circuit 3234, spaced at an optimal distance there between, or on a portion of
the trace 3233 By AiF e YanEan 34 dnaeaitrd irowt 8983ntegrated circuit 3234. It has been
discovered that the lirace 5637 I2sprostiele timpievest el SUBalpadionmancsal Rycaltalipgribanatiization of
shorter bond wires 3240, This.improvement is, found.be e the width of the traces 3232 is larger than a
it of the IR T TR e et e e R R PkaiRey cremsing

high frequendjepeiddrmiathecriastAds? utiliziey thentraved!1828 thalmteyomiteekie X&tPnines @208 Of the
present inventgn gesieasestigienglh aidg diererrpsCirr24R Jenul etk iRe e piMeRigRal Propagation

to external devices and systems. Decreasingl the length of the interconnects 3240 decreases
manufacturingE8sts Wil rerti g e anfoarit ot ety hraterairaSed) M@ gbie, AP IFY HRETELE of wire
bonding the inéegeatedivineuiitB234he intdtounettheomegtpiad dserifazizd thamantagasneaiss240 and the
traces 3232 is an e sulation 3242. The encapsulation 324 n.be glob top, §i sist molding, or
other encasei A EAre h S By S hb A g3 s il M WD Eribying Solder
ball drops 32tahés-iens discdveratitoinibreaseunhifoensthaihdoriplanadityilengb kh imceptyoasel level

reliability.  {thbaskeam ﬁgqy@g;g{g@@ﬁwﬂigm'the traces 3232 of the present invention in conjunction
with the interconnects 3240 and the encapsulation 3242 decreases production costs and complexity by

decreasing bond wifd34ahspiateepitd<CHRY HAH Ursdyseaeraritifizang the trseesB23% 8t the present
invention in canppctitoiitithelndescopnactsB3dDand trestcapstiiian32hddagreasasdroduction

3234 10 he 150 DB o SRR T EreaRPLETs SO0 A LR on s e the
complexity ofsthéebomitidrvipe 32U eobfigutatioreisdswbstaenialinidemdntey allessi@xqpdresihance
non-compression; r@g@@lpggagﬁﬂ@e employed.
It has been discovered that utilizing the traces 3032 of the present invention in
conjunction with the interconnects 3040 and the encapsulation 3042 decreases production
costs and complexity by decreasing bond wire 3040 span. It has also been discovered that
utilizing the traces 3032 of the present invention in conjunction with the interconnects 3040

and the encapsulation 3042 decreases production costs and complexity by providing a well

laid out system for electrically connecting the integrated circuit 3034 to the terminals 3006
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The wire-bonded die 3234 can optionally be connected to the terminals 3206 directly with the
interconnects 3240 having the interconnects 3240 in direct contact with the terminals 3206 and isolated
from the traces 3232. The wire-bonded die 3234 can further employ a hybrid approach allowing for some
connections to the terminals 3206 to be direct and others to be made through the traces 3232.

Multiple layersidotigagates 3psmigrdrneciskitirie aneteizd 300BecarthecidtnesdndeaizisietBignal routing
with many megg FQRRESHAN RAMErR (tasRRA4Rd Farhedusaddoosthalie-anablePugloground, or
signals to be routed to multiple terminals 3206 or multiple bond wires 3240. The terminals 3206 are
depicted in a MAHPERACRRTYRIAYN designed to efficiently utilize the full space below the integrated
circuit packaging syBiiewid2bthaezedanghahahlesyeighosterddaadedite hd24thinals R¥keirgtyow to FIG.
33, therein '5\%'&%9 RS 598@1%"?% fhanniegrated gireiitpackading § %%‘?gé 3300, g.an eighth
embodiment of the present invention. he%ntegrate circuit packaglng system 3 can include a die pad
3304 and terAtiPtalangd 300 aEhdrvrntin e IS00Ere dbfindadwrded ettt desidgnaertepdvide clearance

for structures;ahoyahedarminakantbhavinackiaralsoktiap ommditerisaptactith aiergiminals; for

this reason the terminals 3306 are also known as standoff terminals. Above the terminals 3306 is a
dielectric maf8iaBsldhene i dasts Material 3308 is deposited in direct contact with the die pad 3304
and the terminals 380figlbeagéedaattic: matesiad ZBaEdishs i dos mad bhatdmsnctihebtefoninal $:3306. The
dielectric mate%gg e?;308aisr1z)urmer V%Wo%vln nform(%i Qgt\ﬂve n th%it%rmilfﬁ\éstga396 Qtpae ig:- u%dd3304' The
dielectric matenal 3368 rigl fy ouples fhe terminals 3306 &nd the die paa 3 in p?ace o torm a
substrate 330eecther Theetahkiras33e@uré showsntavinga wped3ponThelo pe3amalo B3HY tekminals 3306
can include g,plpieRaU R4 REIRISE inglede AaRIesRIona33kpiediendinghiiemdde plaigat3312 to a

maximum width 3316 of the terminals 3306. The dielectric material 3308 is in direct contact with the top
3310 of the t&fitifRAR SFBBFHBH tHE BratBad s A% Brte vh B HUrs airdts S31ePar thane il 3306 and
fills in the depoessipas@Bdrhbles yBealomtéheombxines aoxdth 3316 of the terminals 3306 is a bottom portion

3318 extending dog%){rgm the maxi um v{\ﬁdth 3316 of the termé'n%Is 3306. The bottogé]

ng NOW, [0 erein is.shown a o299, 1 tom. portion 3318 can
include a dent 332 ent%ng down Trom the maximum widtit 3316 to a asel?éﬁbeof

&hottom portion
3318. The bakk-3822 idepittethaspitarsiebeiiatit pachguringtsoni®Yr the bulsin hortiotr8318 is a

contact layer 3326, 36 %ﬂﬁ?&&éﬁm&@%&mﬁQ%%Iﬁ]m&ﬂﬂlgtbma?@fl Sigiflydaindeithe-surface of

the terminals 3306 and form electrical connections with other components and capable of being reflowed

to form firm cHNSBRENS: THI CopifstlaxTet (3826 (aricld A% SRISFBaSH, B BrEdhtlfAmd4Y or lead, or a
conductive high tempagatiereapoboreind e aonpaet dayece33d84can cover some of the bottom portion 3318

of the terminals 330§ wijth gn eve formal layer with @ uniform crass-section. The. contact layer
3326 is shown covellhartid BOEar urto G518 HAEE i e esearind Sa A b e
conformal filmralonty3Re hhserd882230Thercdurthet kagemIsnecis vuthethd@pivtét28overiidinbehanderside of

the die pad 33Q4e volume of the gaps 3028. Within the dimpled surfaces 3024 and below the contact
layer 3026 the solder ball drops 3044 are formed.

Referring now to FIG. 32, therein is shown a cross-sectional view of an integrated
circuit packaging system 3200 in a seventh embodiment of the present invention. The
integrated circuit packaging system 3200 can include terminals 3206. The terminals 3206 are
defined as a conductor designed to provide clearance for structures above the terminal and
having lateral isolation from direct contact with other terminals; for this reason the terminals
3206 are also known as standoff terminals.

Above the terminals 3206 is a dielectric material 3208. The dielectric material 3208
is formed in direct contact with the terminals 3206. The dielectric material 3208 is shown
formed between the terminals 3206. The dielectric material 3208 rigidly couples the

terminals 3206 in place to form a substrate 3209.
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It has been discovered that the contact layer 3326 formed on the base 3322 increases solder coverage.
Increasing solder coverage with the terminals 3306 and the die pad 3304 increases board level reliability
and performance. The contact layer 3326 of the present invention further can be formed by a printing
process thereby increasing manufacturing precision without additional costs. The top 3310 of the
terminals 3306 are Sheiwrhaalini2teedichestndanaeitdz3D forhedartAele oh theHergiae di®material 3308

can include gapsiRILR %ﬁ@%&@@@@l%ﬁl§fs6>ﬁlﬁ%ﬁd0@éﬂfé@§&fstbﬁlm%§&@ﬂﬂi% %HPMebﬁﬁ%%ﬁn the
dielectric material 3308. The gaps 3328 are defined as a %Z&aor absence of the dielectric material 3308

that exposes PoRibhe BEHBEILEEN3315 RbHeSEREE, e fielbegrishatirigiaests SPHR Hillectric
material 3308lican hadesigieddeopipordiie termindds IB0Gd trgppiteaessiand tic: inaseasen structural

rigidity in the\;vr{ e O%itrﬁ:eutié a}gglfg %% aﬁm 3300.. The deleggﬁ'material 3308 is designed to
0

{ { i
increase reliability and structura rlgld%ty in‘the form o t%eé){flsesllgg%nc material 3308 filling the depressions

3314 and having sriglier ¢hgp 3828 on widihp ftéawB3de2termings 3H0pper beitfaee3380 dRilke dielectric

material 3308 QLR dHACESWIPREm E HACRRABRAA SIS BEdMERIN RS SaRs %@%&ﬁ}?gmﬁéﬁ'y connect to
and directly contact t Plateau 3312 of the terminals 3306 exposed by t_heh%%gs 3328 between the

e
dielectric materldl 8808 49reigrbd239 s3iepdinfe o Ben didliriR gl ehilh 28 Sdh Byt tédistribute
electrical signdlseThaitiacpsiaaB22a8e designed R2edistidblstedelroptival sigiials imtliat toeyare generally
electrically isol)q_{%gl,ﬁ%exg%gs'vel lq}@? reduggzt?grien ro%:r% tion %‘ g&@ﬁi.tic inductance and do not

the b It .
cover the entire bpper Surtace 3330 0t the dielectric materia 8. *““Jthas been discovered that the

traces 3332 of the presdmptadentithganAeitcondiedowitisdiie sheminialshg 3o8retbsfofmed3aiithe dielectric

material 330%@%%%1@@%@@? fu'{abe @&%@@ftﬂ@ﬂ@@&% BB%%Q@@U@E%@&Q&- e %b“ﬁﬁl&ioﬂ of the
traces 3332, the dielectric material 3308, and the terminals 3306 has been discovered to have improved

terial 33 s 3306 |
thermal and éfé’éfﬁ%ﬁ‘ﬁﬁ?éﬁ%?tiég‘?ﬁﬁéﬁil Sonsised Ak canivauinigia ?ﬂ’é@ﬁr‘ib‘é&cfa%fr%nﬁe{mﬁ‘?&/ing the
integrated cirg2ibpadkaginglsysiens 330 dhewial prifasnposents ciebses ke ppoid usitywedutilize the
present invention in multiple areas of high stress a igh temperature applications. . . .Above the die
P 3304 1 A P T B S R SR A AR B o e
side 3336 is shisadh faicingntbhwiarel led tieprael 88 0alymer |t Theschelesr Hizooidiedtharviiediv phd 3304

provides strugiuig)giailiti snshdgdieasqd HistaR M WasRING and WiimAaR-Rr¢afagk R damage of the
integrated circuit 3334. The structural support provided by the die gad 3304 has been discovered to

increase relidbity ariiP Perf8FRapae GhiHe’ M Graieu e reYitipadhagmiy ByRENa308. surfaghel active side
3336 of the inkegraieid0ircaic33d4 imealesirigally aavhedteinioatbeptiacan @332 Widhdnietgannects 3340
depicted as s(gldelre Ctl) rpglgéSTﬁzgolder bumps 3340 are shown in direct contact with the traces 3332 at

u
various points gﬂ%ng thetrace 3332. The
It has been discovered that the contact layer 3226 formed on side surfaces within the

dimpled surfaces 3224 increase solder coverage. Increasing solder coverage with the
terminals 3206 increases board level reliability and performance. The contact layer 3226 of
the present invention further can be formed by a printing process thereby increasing
manufacturing precision without additional costs.

The top 3210 of the terminals 3206 are shown having the dielectric material 3208
formed thereon. The dielectric material 3208 can include gaps 3228 on the top 3210 that
expose portions of the plateau 3212 from between the dielectric material 3208. The gaps
3228 are defined as a gap or absence of the dielectric material 3208 that exposes portions of
the plateau 3212 from between the dielectric material 3208. The dielectric material 3208 can
be designed to support the terminals 3206 during process and to increase structural rigidity in

the integrated circuit packaging system 3200. The dielectric material 3208 is designed to
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solder bumps 3340 can be connected over the gaps 3328, along the trace near the integrated circuit
3334, spaced at an optimal distance there between, or on a portion of the trace 3332 beyond the gaps
3328 and away from the integrated circuit 3334. The flip-chip die 3334 is large enough to overhang the
traces 3332 and part of the dielectric material 3308. It has been discovered that the traces 3332
provide impravesgastaetiibditparidptnentiealsgliviingaherutiliZzht st st gimalsertipeaibidies 8834. This
allows for gregigt RiGgess anddesian {iaxiRilityRy;adowingedgsign fexbility of the traces 3332 to offset
the largely fixed size of the integrated circuit 3334. Around the integrated circuit 3334 the

interconnects 3340 @hATHERTHEWL83333 Yrhedislsstigdpriesish s 2R E LRSS sifidion 35 Ean be glob
top, film assistamwldingyrorothahandasempers2asuctuletrically kasnbeen dis¢arexely thattadiliding the traces
3332 of the present jgyention in conjungtion with the integratedcigcuit 3334, and the encapsulation 3342
ecreases prE o B B e e e
and susceptiBAy- of e dekasy 8208 demdaeedfaheonsteqireg et oiveisidsagr ke utsstmiiileldeciedsed a less

expensive NoRsGARIPIERsI AR MONgY é&%nd%g%lpl@ygﬂismbib%lﬁmfﬁﬁipsigﬁaﬁ?’?ff‘tﬁ§1ntﬁ@sﬁ%@"y be
connected to the terminals 3306 directly with the interconnects 3340 having the interconnects 3340 in
direct contacBiPtFHelarHifaHs S0 hRPiSOREd HY i He G dedics 480 IndyrHoBHRb BrEA3YS4 can further
employ a hylirduappeoasch d&lleving dorsame coppte stidhs: B2 R iehndidis 33 dgtaribe3doect and others to
be made through the traces 3332. ultiple laye the traces 3332 and the dielectri terial 3308
can be formed 10 et ablo Sgh GUTRE B S e G A E A AP BA38 B e fused
together to etizblerpowe 3 Yloand fomsidvalheodirdeaitatator mudipfecrabie valsi80B gy tauitiple solder

bumps 3340-pIH@rPEJH@@_%Ftﬁ@%Iﬁ[%Q?ﬁ@B?d ifh_@ EHiFaWoRON i%@l’v@%sdﬁﬁgﬂ%t@i@l@k@lﬁ”“)’_Uti“Z?
the full space below the integrated circuit packaging system 3300 size and enables yet smaller flip-chip

dies 3334. WRABSHhdeH5ie b e ks yaaliaiildah 8 thdiirtegictda Mrcuimesss b esii8tted to the
traces 3332 withthanhwpasido faren byltthdtipaahiptidieand i edonsiedfairisiackaprovifieaierring now to
FIG. 34, there‘i? is shown a cro s-sectio&al vig%gf an inELef%r?ted circuit acka%a S %tgrm 34600 in a ninth

. 1 rated circujt. pac 1n cms therma TIormance 1ncreases .
embodiment of the present inven oI The mtegratecfcwc [ paéﬁagmg sysfem ¢an include terminals

3406. The terilizalsiBA0Beagrt definedoas ia contiwitordesighebigh piossticaeiedrghctefapesiturstures above
the terminal qggﬂagtygﬂg_ lateral isolation from direct contact with other terminals; for this reason the
terminals 3406 are also known as standoff terminals. The terminals 3406 are shown having various

widths with the ternfaYari8aritRe Ferrietdr MesEHcdr therihrtgrhdaieirdutt paditsghng g stém 3400
being wider thanrdherdasiveaigs3 fdungdweartie tentereof3m inegraiedeiraui giackaging system

3400. Although the widths of the inals 3406 can vary the i@%ﬂ o{ the teyminal 6 is depicted as
i 10 e B S e e e . R R0 e
material 3408cat¢rad didlexteiv! raanibihg 408z ok pwsdiird Uifiect contact with the terminals 3406. The

dielectric material 3408 isghaya forsaect Q@M&@gﬁt&% (Erials340QicLhr diglestHic mateyiale3408 rigidly
couples the terminals 3406 in place to form a substrate 3409. ,
traces 3232 with interconnects 3240 depicted as bond wires. The bond wires 3240 are shown

in direct contact with the traces 3232 at various points along the trace 3232. The bond wires
3240 can be connected over the gaps 3228, along the trace near the integrated circuit 3234,
spaced at an optimal distance there between, or on a portion of the trace 3232 beyond the
gaps 3228 and away from the integrated circuit 3234.

It has been discovered that the traces 3232 provide improved electrical performance
by allowing the utilization of shorter bond wires 3240. This improvement is found because
the width of the traces 3232 is larger than a width of the interconnects 3240 thus inducing
less electrical resistance and inductance thereby increasing high frequency performance.
Further, utilizing the traces 3232 along with the terminals 3206 of the present invention

decreases the length of the interconnects 3240 required for effective signal propagation to
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The terminals 3406 are shown having a top 3410. The top 3410 of the terminals 3406 can include a
plateau 3412 and also include depressions 3414 extending from the plateau 3412 to a maximum width
3416 of the terminals 3406. The dielectric material 3408 is in direct contact with the top 3410 of the
terminals 3406 from the plateau 3412 to the maximum width 3416 of the terminals 3406 and fills in the
depressions 8¥gmal deBedownghéiemimuAtcitating4is longhe abtheinaler@p0ects 4298tdnerqssetion 3418
extending dowin{rRERe: MRXBY BMIHE B8 1e0ftherisminalaSaP6sihgeiaMm; PaItigR3418 can

include a dent 3420 extending down from the maximum width 3416 to a base 3422 of the bottom portion

3418. The bade"s4Pondigg edrgeBibrstdrdat:  Covering some of the bottom portion 3418 is a
contact layer 3426. AlvamcbtiaoitayaeB4i2cuis 2Efingd ascaconateriad2hdtaanhigidbejadnitdithansurface of
the terminals 340, for sleirical conngetions it ofer sompopents and,canable, of peing reflowed
to form firm connections. The contact ?aE/)_er 426°Can be a solder aste, a layer contglnlng tin or lead, or a
conductive higitasampelr sityecugolywhdhe Thapdehtaciakey 224 26 caldadvlr dome dt4hEboteomgortion 3418
Of the term'n@!ﬁcﬁf’f@ﬁlﬂ%};@@ﬁ!@ﬂ&%@Eﬁ@é’é\l@ﬁé%rt&\’iﬁ%r@a%'@lfQirﬂZS_hﬁrQa‘EHS'c%@ﬁtAﬁ&hty anlf figseen '
discovered that the contact I_a¥er 3426 formed on the base 3422 increases solder coverage. Increasing
solder coverd§@digyshsigPHitals 3406 increases board level reliability and performance. The contact
layer 3426 of the presesnt ievendisrviartdemaeantieiigrmed by a F200NGF phecpssdeleydoareéasing
manufacturing precision without additional cast he top 3410 of terminals 3406 are shown
paving he B e R A A T S o iR ape 3428 on
the top 3410 ¢hsis erposeplortionzy oletheaphkadmnBaie iy tretwebhabalsicheetridisraespditiB408. The

gaps 3428 afﬁiﬂ%ﬂ%@ﬁeﬁﬁ@e%@@@ﬁﬁ@'ﬂ?@séﬁt E'ﬂ@e@llﬁlﬁ% i@oH}ﬁ’Iﬁ@ﬁ"&ﬂ_ W&ﬂ@%t@?&%%&%ﬂ%&@“s_ of the
plateau 3412 from between the dielectric material 3408. The dielectric material 3408 can be designed to

support the t@RhIHSIESARE LM J Y TroLeceasredHeiaR sosstrid raPRlgrdiy i Brevidteg it circuit
packaging sysiarou8408enh Herdirteatritymaieiiali 4 08 isdesigaedrtaiimaease theli@biliyarridetructural
rigidity in the fcl){rgu?frthei drilel%l%:é[rigtg?ca(;[r%gie%{ss?? fti(l)ligﬁth%nde re Es:rio n:BCLel]tﬁfeaCnd hgvinégo aeller gaps
3428 on the f)xfaPeau 541578 on'an upper surface 30°0F the dielectric mateniar 41(8 are traces 3432.
The traces 348adavarfoparédopitignraitiery spsBuagind e kastidesll cbmesprosasdndiraotypssieitt the
plateau 3412&1%@%@%1%& exposed by the gaps 3428 between the dielectric material 3408. The
traces 3432 are defined as conductive elements designed to redistribute electrical signals. The traces
3432 are designed %"?é’é‘i@fﬁ%‘ﬂé‘jeq‘éecﬁ*’réélCs"‘i'@;ﬁaﬁg)?ﬁ&ﬁQﬁm%ﬁlﬁdg@ﬁé?éﬂ%l@&ﬁggﬁﬁ?&%ed, not
excessively largette reduoadhesinuductionhé pacasitit-tidsriancdiaiddatnotaovee henemiise upper
surface 3430 e dielectric material 3408. It has been discover at the traces 3432 of the
oresent inveriauh GHe SOCIEa S e oAl DOR S 10 oft e Hefeiit SHRSHA 3403
enable efficientbhidhpprenatadiperiogriaromoftctmacstibasra¢h8409iTHe Ehnbiratibreofamkattzees 3432, the
dielectric matgrial 3408 Andihe erminals,3406 has been discovered to have improved thermal and
electrical properties when combined and utilized in the described fashion. Improving the integrated circuit
packaging systems M40 el PPt cB cteh Ssdsle Spp sraliviig) frURif2R PR PRELER invention in
multiple areasnablgighysirassandwighnenypemtucenapgiicaiionss. THbexed2lerninals 46 is an
g L R SRS E JRRIP e B 30 261es R0 Thsaglpolie 4% i

multiple bond wires 3240. The terminals 3206 are depicted in a multi row configuration
designed to efficiently utilize the full space below the integrated circuit packaging system
3200 size and enables yet shorter bond wires 3240.

Referring now to FIG. 33, therein is shown a cross-sectional view of an integrated
circuit packaging system 3300 in an eighth embodiment of the present invention. The
integrated circuit packaging system 3300 can include a die pad 3304 and terminals 3306. The

terminals 3306 are defined as a conductor designed to provide clearance for structures above
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It has been discovered that the terminals 3406 coupled with the dielectric material 3408 provides
structural stability and decreased risk of warping and ultimately breakage or damage of the integrated
circuit 3434. The structural support provided by the terminals 3406 and the dielectric material 3408 has
been discovered to increase reliability and performance of the integrated circuit packaging system 3400.
The active sithe 333813t il ihsthate el dtftagas4iye distrcayias nride el o tehaifrtlse 8489 with

interconnects3440irlericiad RS sedar Auwmpewhng Solderihimprs3440 are shown in direct contact with
the traces 3432 at various points_alonk?éthe trace 3432. The solder bumps 3440 can be connected over

the gaps 3428, alorfdPE tRacs MRS Whdsqraislsciic mpszigh O cdbeatisl itimarHrEre there
between, or an&peitidnotiikerttacad4dithhby i ik Japacd 2& andchanlad iosn The ditdgrated circuit

3434. The flip-chip.di 34 is large en to overhang the es-3432 and part of t ielectric
materil 5408 1 e d S mance
by allowing tieriglizéem dpunedilestfigsiths diavigass 39nignsldwstiorngredtért prddesdiderirgesign

flexibility by aligwing siesignflexiblimaf dhedaars 3436 iaftaet e larasbu fixed Rize.ofihe integrated
circuit 3434. Around the integrated circuit 3434 the interconnects 3440 and the traces 3432 is an
encapsulatioﬁ“?ﬁfﬁaé? ﬁ%gencapsulation 3442 can be glob top, film assist molding, or other encasement

structure. It hasTheasarslisaBVE@dadbahodtiziagipa topcsd B4BR=abpiBs resend ievieiniios306conjunction

with the integrated circuit 3434 a e encapsulation 3442 decr s_productjon cgsts and complexity
by decreas e L ot B 8 T A AR o e S ot AP o1 B R b of
the integrated TirctatBuaaipusygthintidlly ¢édche dseeizieddWxpehsidelngnconiprabsidi® mokling can be

employed.  4;LREJiRachindidShi% sanARHORANRE sE6IRhIcIRR MRS RARRGHHGRHY with the

interconnects 3440 having%he interconnects 3440 in direct contact with the terminals 3406 and isolated

from the trac8dd8 331 6rofdhfi sernipatid ¥4t HHsrithe AeRrssira h\brid approach allowing for some
connections to the B¢minals 3dHoniahenditacs Andodtherseimbalmnass thyouphttie faces 3482.

Multiple layers of the traces 3432 and the dielectri terial 3408.can ormed, to enable.signal routing
with many e R e T e L R s e S o rounc. or
signals to be ¥8LitedntonphudtipldaerAditfhis 8ade otawaltiple Hldexbumpy B4ud3 e werninis23406 are

depicted in adpggig&w)&%g&%@@gy dﬁ%@g%@gﬁig@&gd@i};ﬁ&g}eofqildgpace below the integrated

circuit packaging system 3400 size and enables yet smaller flip-chip dies 3434. Wire-bonded die can also
be stacked upon th& WEEGEateBTRENE B24amaReriohnettdt a6 thatriess 3482 WithcBBe Wires to form
hybrid flip-chigs zbeianetindteabandedrdietsiacks.rigidly join to the surface of the terminals 3306 and

form electrical connections with other components and capable of being reflowed to form
firm connections. The contact layer 3326 can be a solder paste, a layer containing tin or lead,
or a conductive high temperature polymer. The contact layer 3326 can cover some of the
bottom portion 3318 of the terminals 3306 with an even conformal layer with a uniform
cross-section.

The contact layer 3326 is shown covering the bottom portion 3318 surface of the
terminals 3306 with an even and conformal film along the base 3322. The contact layer 3326
is further depicted covering the underside of the die pad 3304.

It has been discovered that the contact layer 3326 formed on the base 3322 increases
solder coverage. Increasing solder coverage with the terminals 3306 and the die pad 3304
increases board level reliability and performance. The contact layer 3326 of the present
invention further can be formed by a printing process thereby increasing manufacturing

precision without additional costs.
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Referring now to FIG. 35, therein is shown a cross-sectional view of an integrated circuit packaging
system 3500 in a tenth embodiment of the present invention. The integrated circuit packaging system
3500 can include a die pad 3504 and terminals 3506. The terminals 3506 are defined as a conductor
designed to provide clearance for structures above the terminal and having lateral isolation from direct
contact with other tdtmifas3 ¥t tisheetesmintthe 180Mmmalshesocharaalts kndostiaswtgndofyminals.

Above the terminalsis e lielestrigimataiahacns The dislesticimaterias 3508 isdeposieddndirect

contact with the die pad 3504 and the terminals 3506. The dielectric material 3508 I1s shown formed
between the fERMRAYBAeOTHE BRIREEE IndferaPeae8nidh it AEAnEY Bethdet®ie terminals
3506 and the3dixs padd3hi0ed dde dielecibiematsariat InE gl chytetadestiatexpinalp3b06 and the die

pad 3504 in place to fo ubstrate 3509. . he termi 5Q6 are shown havi 3510. The
fop 3510 of (L AR e b e el S e ending
from the plat®agasreddosynpsdintmicvnichl 333® dithe epavisslsd3B08cTHe dieksetrlaigidiarial 3508 is in

direct contaciyyitf e QP 3R Bﬁéb%fsgm%@lﬁ 3506 from thariEeadrlizEhg maxmym,width 3516

of the terminals 3506 and fills in the depressions 3514, Below the maximum width 3516 of the
terminals 3508°T§3 I potRb HrasEbs e digiih Yehtrehthhdislsssimmacindd 45 18188 the terminals
3506. The battprasporias Bod:E tanigciuadk-adens 3E2chekégngliag soMn from the maximum width 3516 to

a base 3522 of the hottom ce)rtg(l)lr :?5]%%2'58—%@9 eféc?‘%% isﬂg&?@ grglt?%gg d%g?t. n.the bottom portion

3518 and centered within the base 3522 are |m5Fe surfaces imple Surfaces 3524 can
be rounded a&3shawimiinied difiplethsgdae S35 dfaisaldy naimaks B808nC dvegihgosoine dftthe bottom

portion 3518 js,a £PEAStIANRT 3527 REBANRSLIAYETRE2E IS siRfinadas mmatetiaithatcan rigidly join to

the surface of the terminals 3506 and form electrical connections with other components and capable of
being reflowet! 88-forf HATFTIietotrlinehascnciaivy elrmsn dariepeldsmdis By 5 s containing
tin or lead, osaeonduTiiverhigh seRIparatiyeadnolymoeredifigeontact layer 3o canteaveiegame of the

bottom portion 351@ of thgitcghmllrggls 3506 with an e _etPacon{orméall Ia¥er WEh d%ctgnlforg cross-section. The

contact layer 3578 1% ShoWh Coverng thé Bottom portion 3518 Sttace of the terminals 3506 With an even

and conformaidilntaatsrigdide neiso 8% 2% androvithier thisfdieniiéll Subfadielb 352 marhimlchittict layer 3526 is
further depicted covefing,tg yrdrisidenl e ¢ie-Pash33Pthe prelthas REEMAIRRAEIRENREEhe contact

layer 3526 formed on side surfaces within the dimpled surfaces 3524 increase solder coverlrgfe.
Increasing sdftfei*EBiRdtad RitAdHR IRl shdecHifamak ik A8 SBakifdidseedigodamdlel reliability

and performa}jwﬁ;rﬂib)ﬁe of the substrate 3309. The combination of the traces 3332, the dielectric
material 3308, and the terminals 3306 has been discovered to have improved thermal and
electrical properties when combined and utilized in the described fashion. Improving the
integrated circuit packaging systems 3300 thermal performance increases the opportunity to
utilize the present invention in multiple areas of high stress and high temperature
applications.

Above the die pad 3304 is an integrated circuit 3334 depicted as a flip-chip die having
an active side 3336. The active side 3336 is shown facing toward the die pad 3304.

It has been discovered that the die pad 3304 provides structural stability and
decreased risk of warping and ultimately breakage or damage of the integrated circuit 3334.
The structural support provided by the die pad 3304 has been discovered to increase
reliability and performance of the integrated circuit packaging system 3300.

The active side 3336 of the integrated circuit 3334 is electrically connected to the
traces 3332 with interconnects 3340 depicted as solder bumps. The solder bumps 3340 are

shown in direct contact with the traces 3332 at various points along the trace 3332. The

34



contact layer 3526 of the present invention further can be formed by a printing process thereby increasing
manufacturing precision without additional costs. The top 3510 of the terminals 3506 are shown
having the dielectric material 3508 formed thereon. The dielectric material 3508 can include gaps 3528 on
the top 3510 that expose portions of the plateau 3512 from between the dielectric material 3508. The
gaps 3528 arwldefihetins’a‘gaa9obabatsciedpiive thictepsrits Atatderd 3508 tharaxpesatgeitibns of the
plateau 3512 {rom hetwegndhe diglegiinmaianial-3n08. vhhe.dielsctiicapaigsiab3al8 ean b sesigned to

support the terminals 3506 during process and to increase structural rigidity in the integrated circuit

packaging syREMBEEEHA G R AY i dferaisSBs s rd SYRYE 183 rEsBiPsiiBiflly &t dtructural

rigidity in the tepmeabilar ielechkiogiatatieds3B08 fitingthe depteksiviosablhlazddaving smaller gaps

3528 on the plateaLh %%%e On an upper %urface 35?,%9 of thg dielectri(a rerﬁtteria 3508 are traces 3532.
ele

d Tt
The traces 3532 are formed within the ga%s %ggcteg ctllf(r:%\ﬂyecbm iect to and direct )5) contact the

plateau 351 2bgfateviaentinals! 3806 X posddrbiinichipdiss 3528 Oéineltavihiedicdeictrinorestetial 3508. The

traces 3532 afg;defingmas,aandusiive alamenisdesignediosrdistinyte elestisa! 1§l%9@|$ix1—@e traces

3532 are designed to redistribute electrical signals in that they are generally electrically isolated, not
excessively 18F5e i tREHRL SHEBH SN of parasitic inductance and do not cover the entire upper
surface 3530 of theAli@ledtrie materiald388it 3331 kasihesndisas\Bsredatiiaihthedtace333582:10f the
present invention when ¢ ed,]?zgith the termin 06 nd%[ rmed on the dielectric material 3508
Cable et oy oA s T S D08, e LB BB fche 3532, the
dielectric matndal3B08 sawdutise terminals 3506 has been discovered to have improved thermal and
electrlcal propertieswhgneemRIReH a0 ﬂhﬁk‘%ﬁﬁikﬁh@%@%&@%ﬁ%bﬂ%"&Egeﬁ’t!rlﬁ\lé]ﬁi&ﬁtqgr?ted circurt
packaging systems 3500 thermal performance increases the oppor,tgs‘rllt%\;o utilize the present invention in

multiple areaSe8i gLl hegHd fisatatdrd ApiethsArsulat & e e HREP UGS an
integrated circbiits 3031 depiktad, asyaddipeaki die: haxdngr aigchiype ditle 3436 STee aativesidal3536 is
shown facing toward the di 3504, It has been discpvere. the di 3504 provides
Structural St A B A et S TRy Eherge B S AL P eoratec
circuit 3534. Thssstrpensied supponppreidatobyithcadibepanpB504 has been discovered to increase

reliability and perfo%@@gﬁf—&]‘i%&B@Q@a@@;ﬁi%‘di&?@&%&geﬁﬁgﬁ{@t%ﬁgals 3308'@iRelyS sigle 3536 of
0

the integrated circuit 3534 is electrically connecte the traces 3532 with interconnects 3540 depicted as
solder bumpsher HESEeBRIBURFY B85BSR BRI Fett ChitalfsmitRtMact 2k B& 391Nk ious points
along the trace@bal i bletsoldan bumps 30 L amHeg1gponipaird oy iR gaes b8y alapriie trace near

the integratecgll cirrgui Sﬁgefv %s\&gesd at %nnggct'gggs! E[i(;sg’aent%(ra n}he e%%%\;%etlfnd Qrona po ion t%f lgge trace 3532
beyond the gé)ﬁ)s 4628 an& ay from the m egrate Gircuit . The flip-chip die 355%is large enough
to overhang tinedgr dloes 3580 tzavdsgait2of the dielectric material 3508. It has been discovered that the

traces 3532 provide\ijppavedslesticatRgriormansa by alawing thedHilizatianof seallal.dinschip dies
3534. This allows for greater process and design flexibility by allowing design erX|b|I|t)éﬁof the traces 3532

to offset the ISHERIR Tk SPAERF HdhiegY atRRl CireBRESEAY POINtSA r JhR S ntetr £t8H R4r&tiE8534 the
interconnectsc¥edranddd i aease3Sddusdaneripapsuiatian 3bid. ibhawrngapstiation 35d2 ean be glob

top, film aSSi%tum%lﬂ"slgrdg{ ]cj)lggleprs %@285 emg rt]ér%[}lja £u§§06 are depicted in a multi row configuration
designed to efficiently utilize the full space below the integrated circuit packaging system
3300 size and enables yet smaller flip-chip dies 3334. Wire-bonded die can also be stacked
upon the integrated circuit 3334 and connected to the traces 3332 with bond wires to form
hybrid flip-chip die and wire-bonded die stacks.
Referring now to FIG. 34, therein is shown a cross-sectional view of an integrated
circuit packaging system 3400 in a ninth embodiment of the present invention. The
integrated circuit packaging system 3400 can include terminals 3406. The terminals 3406 are

defined as a conductor designed to provide clearance for structures above the terminal and
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It has been discovered that utilizing the traces 3532 of the present invention in conjunction with the
integrated circuit 3534 and the encapsulation 3542 decreases production costs and complexity by
decreasing the size of flip-chip die 3534. Since the size and susceptibility of breakage or damage of the
integrated circuit 3534 is substantially decreased a less expensive non-compression molding can be
employed. haYing HijsrehipptieosS8ancdirceiptivnatiybe edantecreidals: tine teimnasds Bs0eainadily with the

interconnects; 350 having.the interaridRask3af0 in direct contact with the terminals 3506 and isolated
from the traces 3532. The flip-chip die 3534 can further employ a hybrid approach allowing for some

connections to the tEfIFEIEE0EHS BE dheRPMY B &rE s pRIEAR TR Bl R at deawddhe

Multiple layefsofriher tragea IbIRanddhatclieteciric paatesiak3560&0and0e fesimedvideenametsignal routing
with many more connegti oints. The traces 35 an be fused together to enable po ground, or
cighals to be Tt o L e e e o iU 3506 are

depicted in adviRPebwiheowiidihsatio el dsighads td4eficiemtpritiiieeiehfulifsipacebuiely t®miegrated

circuit paCkaQic!iﬁc&)(ﬁ&@@1&@9%58&@@Qfﬁ&@@é?%ﬁ@r%@@ﬁ%uﬂiﬂigla%ﬁjﬁﬁ 35860 W iie-Rended die can also
be stacked u%on the intl\;}grated circuit 3534 and connected to the traces 3532 with bond wires to form

hybrid flip-chitt e’ @ iretisomaktadiddticlde dieleglric AR v 195 8B HB U555 G a
cross-sectionaltiigw efnaindRtegraterheidtidc packaging SystdamBoo0iaseslavesthiendatdiment of the
present inventjon. The integrated circui ing system 3600 can | terminals 3606. The
forminals 3606 e LhAAIOAC S MG TR T DS He R R e R B0 e
terminal and fiviraiclatéfal isolation from direct contact with other terminals; for this reason the terminals

36_06 are also kno"\’ﬁh@%?ﬁ%ﬂﬁ@fii@é%‘ﬂ@éﬂ%wn ha'l?h% ‘ﬁé})@@ﬂé.Wt%%@f@&@h@%ﬁ%ﬁﬂﬁlﬁ%wmhs ar_ld
heights. Above the terminals 3606 is a dielectric material 3608. The dielectric material 3608 is formed in

direct contactitEEecrMiHa1E 3665 2 &lsRelaciile Henierirasoslit SHOW foFFRRG R RIMEH the
terminals 3608.17T he girledtiormaiedial AG0& rigidbraolapledobe Eiendals t36Gbatoraliag€0Bifoiim a

substrate 3609. The terminals 3 are shown havi top 3610. Thet 610 of the terminals 3606
o el At coh B SRR R F IS D R IR CGR B e o A e
maximum wicktiB63Ha @bt termirdss> 3G0S1dTHE diclectrprenacasidt 8608 is in direct contact with the top

3610 of the termina RROGIrom s plaleay 3616 Lp the maimumANl 366 ah heHeHmnals 3606 and

fills in the depressions 3614. Below the maximum width 3616 of the terminals 3606 is a bottom portion

3618 extendif AR AV MBS 4GB 78 Ur théhfeltHitAN 3806, THe BOlimAsEaBn 3618 can
include a derg43682arexieindhngicaviniemdidnpnasimurnvibdth3aibuio ailaases3622 obitee3boitom portion
3618. The base 3622 is depicte nar or flat, In the bottom portion.3618 and centered within the
base 3622 ar(gegf?ﬁ)p(i%et(é%ar 51885 %?Zzﬁle%af‘%éz%%rﬁ%% 'SUrfac ls%aéﬂr}clegh be rounded as shown in the
dimpled surfaces 3624aingheoteerniriadsb868. porti@cidiirig sornadflabier Badomporiomr3848is a contact

layer 3626. THe 6ONtRGHAY &L 362RS.Aa{iNed AR AMatGH) Rt CAR UG II-ALIE suséasg; of the

terminals 3606 and form electrical connections with other components and capable of being reflowed to
form firm contRERtEBIRSIIFHeCEBPRSHANEYEHRBDE" CATBE SO RIKY (Faakie afdyEectitanshdtiPsr lead, or a
conductive highntesnpesaddse Pdyinahctlingecontacilayen 30d6r pasaveyseaitaafitheihottemiportion 3618
of the termingls 360G With. A0 Svan.sonlormallaxsr with 2 Lo Cra3585i Weer some of the

bottom portion 3418 of the terminals 3406 with an even conformal layer with a uniform

cross-section.

It has been discovered that the contact layer 3426 formed on the base 3422 increases
solder coverage. Increasing solder coverage with the terminals 3406 increases board level
reliability and performance. The contact layer 3426 of the present invention further can be

formed by a printing process thereby increasing manufacturing precision without additional

COSts.
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It has been discovered that the contact layer 3626 formed on side surfaces within the dimpled surfaces
3624 increase solder coverage. Increasing solder coverage with the terminals 3606 increases board level
reliability and performance. The contact layer 3626 of the present invention further can be formed by a
printing process thereby increasing manufacturing precision without additional costs. The top 3610 of

the terminals 3606 ahe $pipih! Baviitep teanaliztls ciriemiatetial 36 feg risddiRtsedion Mpkrsieitétric material

3608 can inclydgaaRs3a28 AR theiteriseiftnatrweasa B%ﬂ@@%&fsth%@'%ﬁ?%?t 34ignmhetween the
dielectric material 3608, The gaps 3628 are defined as a gap or absence of the dielectric material 3608

that exposes PBRIBROLPIe bt Al 884 3 H ST B R ERcth & aidiletHic nateHal 3888, The #hitectric
material 3608 4zabeddésignechtgasuppostibe derheidale 360 maiaring3posatsscapek o pocieasef structural

rigidity in th‘?t‘é‘tF?SJ{t%%edsﬂ%‘ri&B%%‘é\% _iﬁ%%yﬁﬁé? 12600 Jﬂgs [Reqic matgrial 3608 s;gesigned to
increase relia ﬁle ana structural rngi |ty '|n the Form O the dielectric materlaf gélb ]IIJI mg_the dlepressmns
3614 and haWhdesigriifbiogaprosehs termihel piefiadgad process@nadin sprassirfiete B6B016T the dielectric

material 3603h@ﬁ1€£§1%%‘&1%@§3it@3@k%[§9§%%@§3 gigdormerdinithiniche gaps 3a%8iloselgsitisally connect to
and directly contact the %lateau 612 of the terminals 3606 exposed by the gaps 3628 hetween the
a

dielectric mat8fiPsentaaHEY autacusisd dridieindy Snd dictirde e rBusitleiigh SR fistribute
electrical signgisesshmdrmoessd B2 are sdesignegdoariistiuireladcal signals in that they are generally

electrically isolated, ot excessively | to.reduce the introducti f parasitic jnductance and do not
cover the entire upp'(gl} Surtalce %lg%%e?}{ %ﬁ% (():ﬁetz%cﬁlr%(r%é e%%éégﬁgoar?ﬁ %:gsbgeig# d‘listhceot\%?eésd that the
traces 3632 Gfilfeapeccemeinvatiionhyigeps citisidd wittiihdlienvineds ®608! ahddynredtan the dielectric

material 3608 epaplejeiicient Righingrimas ReFRENBY R YafRS spbslAE S AR B ROMRIRAIION of the

traces 3632, the dielectric material 3608, and the terminals 3606 has been discovered to have improved
thermal and SfetridReprBiErfie A iretr EBrBMEP A VRIf LSS R s gBeE b B AP fiftFfBYing the
integrated cirggitapackaginghsystEises 3e0Gthemaabpadoritance lnereasegibe appruiundy toeutilize the

present invention in myltiple areas ofHBi) h stress and high temperature applications. Above the
Forminals 3008 o A B TS o bR e P s AROLCsi e Rt i e The

active side 3688¢¢strod fadingerowahd thérermieraier 83608430 of thradidessncdizdovdrétd®hat the terminals
3606 coupled with the digleelic/NARHa A RIAYHES %‘frH{%tg!Fé‘ée%ﬁgUgﬁ[ﬁ%ﬁ%Q%E%éﬁﬁé Wigk of warping

and ultimately breakage or damage of the integrated circuit 3634. The structural support provided by the
terminals 360B°dRUMAR LR K Hoatesiar BBt BisenaisabraPdriatlicr dider tdngh i amd
performance girtheniiieg kteek Ciitiditpac@gingTsystombaddn of the traces 3432, the dielectric

material 3408, and the terminals 3406 has been discovered to have improved thermal and
electrical properties when combined and utilized in the described fashion. Improving the
integrated circuit packaging systems 3400 thermal performance increases the opportunity to
utilize the present invention in multiple areas of high stress and high temperature
applications.

Above the terminals 3406 is an integrated circuit 3434 depicted as a flip-chip die
having an active side 3436. The active side 3436 is shown facing toward the terminals 3406.

It has been discovered that the terminals 3406 coupled with the dielectric material
3408 provides structural stability and decreased risk of warping and ultimately breakage or
damage of the integrated circuit 3434. The structural support provided by the terminals 3406
and the dielectric material 3408 has been discovered to increase reliability and performance
of the integrated circuit packaging system 3400.

The active side 3436 of the integrated circuit 3434 is electrically connected to the

traces 3432 with interconnects 3440 depicted as solder bumps. The solder bumps 3440 are
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The active side 3636 of the integrated circuit 3634 is electrically connected to the traces 3632 with
interconnects 3640 depicted as solder bumps. The solder bumps 3640 are shown in direct contact with
the traces 3632 at various points along the trace 3632. The solder bumps 3640 can be connected over
the gaps 3628, along the trace near the integrated circuit 3634, spaced at an optimal distance there
between, or shoapartidincef teaticiceiBeBe Wespntt fReahapions 28iahdkanayhi drcthéditdegidited circuit

3634. The fligyap ip O3S A 88 SNRUEBIQ RYERBAGBS T ansR 3RS 2 athBartRfithe.Airlgctric

material 3608, It has been discovered that the traces 3632 provide improved electrical performance

by allowing tKEUiZARGriecsthdig ARUeAlsigiatcessae PR SHoWsFO A QELES Hritei&and Hesign
flexibility by allgwikdgldesign Flesihilidyaohihidiradesiaegata offeeit tisdargelyrfixedipide: Githieiintegrated
circuit 3634. la Aro(l)Jng1 EQ%\;& ragﬁedtgircy' 4339%4 Jhg in connec ﬁcsr?lg'tgr%?dq J&e traces 3632 is an
encapsulation 647 e encapSLﬁatlon %64 canlbepg]io% top, Hiim assist mo Ing, or other encasement
structure. It haslbbenbdiscdivepser¢h dhaitiizitigahed it 368 2raprdie p pésssitahpeieiorieconjunction

with the integsatad, GiEEUiL A3 ansh e SRcaRsYlRIPHREAd AeCraRSER RIFLLIAR CRBIR @ndlgomplexity
by decreasing the size of flip-chip die 3634. Since the size and susceptibility of breakage or damage of
the integrategeéh%hﬂ?%‘é%ht}’sbg Ef‘é{mgaﬂﬁsﬁé‘cﬂéé@é]&%%g?é%%éﬂ?g oAt SHB‘?J%’%%JP{ Hitiing can be
employed. sizthe fhipiciaipaie 3634k catoptionally be connected to the terminals 3606 directly with the
interconnects 3640 having the. interconnects in direct contact, with the terminal 06 and isolated
from the traces 3630 HHE 1. ANE S SES b ARl ST o U B B0 come
connections tathsuéaininafst360bacivemdirkerand-Bivensbio dhebrivid éibinratsaih mheddiztas 868RD.

Multiple layers,ofthefraess:3@32 and the dielectric material 3608 can be formed to enable signal routing
with many more connection points. The traces 3632 can be fused together to enable power, ground, or

signals to be routedtd#utiple HSFAYFERS B8b8HIHRaITH LS fier it s Wb 265 He RSFHIARIL3606 are
depicted in adonjlthcavn cardigiarationgesigueid 1o3afficient e atijzelifienf ol spacechelop dhe itegrated
circuit packaging system 3600 size and enables yet smaller flip-chjp djes,3634. Wire-bonded, die can also
be stacked oA B oSS B ot oble IR e W cec S i Bord it to form
hybrid flip-chijysdip@nttwirebbowdgadigastagks! the ifkefiateihgiigoly 3O3R IS s@Btahicrdirdisshesdn a

cross-section@jeggeéyﬁggﬁgeimﬁgcr&g%geggqggi&gﬁg@gﬁg@gﬁ{ﬁgﬁzoo in a twelfth embodiment of the

present invention. The integrated circuit packaging system 3700 can include a die pad 3704 and terminals
3706. The terminals 3788 AfEPdlfindd £ WERaHE e asRshEd to Brosraereleardichresistiures above
the terminal and inayiognadsraligolaion frmmitdieoheaniartiaviin ather wiminadsifomehisrhgasion the

terminals 37 e also known as standoff inals... boyve the terminals 3708 is a dielectric material
5708 e didi R SO L RR REARCEE AT AR nip RS i ET IR S SRR il
3706. The dielectdchmiteriak 370 inestiower fonm ¢ the taraenath 400rinmlsiBRr0AnT lechelieledieic material
3708 is furthershqup i med-Retwass the terminals 3706 and the die pad 3704. The dielectric material

3708 rigidly couples the terminals 3706 and the die pad 3704 in place to form a substrate 3709.
Multiple layers of the traces 3432 and the dielectric material 3408 can be formed to

enable signal routing with many more connection points. The traces 3432 can be fused
together to enable power, ground, or signals to be routed to multiple terminals 3406 or
multiple solder bumps 3440. The terminals 3406 are depicted in a multi row configuration
designed to efficiently utilize the full space below the integrated circuit packaging system
3400 size and enables yet smaller flip-chip dies 3434. Wire-bonded die can also be stacked
upon the integrated circuit 3434 and connected to the traces 3432 with bond wires to form
hybrid flip-chip die and wire-bonded die stacks.

Referring now to FIG. 35, therein is shown a cross-sectional view of an integrated
circuit packaging system 3500 in a tenth embodiment of the present invention. The

integrated circuit packaging system 3500 can include a die pad 3504 and terminals 3506. The
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The terminals 3706 are shown having a top 3710. The top 3710 of the terminals 3706 can include a
plateau 3712 and also include depressions 3714 extending from the plateau 3712 to a maximum width
3716 of the terminals 3706. The dielectric material 3708 is in direct contact with the top 3710 of the
terminals 3706 from the plateau 3712 to the maximum width 3716 of the terminals 3706 and fills in the
depressions 87manals 3E6law deEnehssragmdvidien Sr1Best herreidsklar8redas e bisprpoition 3718

extending dowp framthe.maximeemviathididéoaf e terinalnddOf i hrHepiomiRastion 3fid8 can
include a dent 3720 extending down from the maximum width 3716 to a base 3722 of the bottom portion

3718. The bd&8°37 9% {STOUMEa<151a8 <8P ALY AR HIREMPHSrtion 3718 and centered within the
base 3722 are dimpiedveutiiacesnddid4dis a didlecdimpledrsilrtaoes Ih24edeie mmuadadlassiown in the
dimpled surfages 3724 of the terminals.3706. Coveri me of the bott tion 3718 is a contact layer
3726, The cobe I e R e A cE A minate
3706 and formagtaetfidaBcsnhettdasnsithaswren confponenisang. cApalieletiengeaflowed o form firm

cpnnections. FIRRF ARG 1R RI3 1REeaR AR AsRldEK PRYIS aRdaNer GOMRINIBE,tn ﬂ’(e'%ﬁ‘@le&ﬁé‘ conductive
high temperature pogﬁmer. The contact layer 3726 can cover some of the bottom portion 3718 of the

terminals 370B4GHA ah &/ E81dnSARIST IBYEFTHPEL dRfBRRLHs discaib Ofni Bl 7Ry 3726 is

shown coveriigdingdrititom portion 3718 surface of the terminals 3706 with an even and conformal film
along the base 3722 and within dimpéed surfaces 37 he.conta t‘h 726 is fur depicted
covering the undersgl”(lzt’een[giE 1%aﬁ(§ié§§g§r§_; " lﬂavll{l ﬁgs?)%éer%%ise{:%v%})e%g %Z‘%ef: % c%ecgn lgélisltg%? 3726
formed on sidensindhidesavitkiraehid Hinaptedlsufisbiuls Jzpwssiops akd Seliderdtoy dragethinpleieding solder

coverage withifie {ermingls3f00iantkie dieratdineasasbariddievehirlianiisoand performance.
The contact layer 3726 of the present invention further can be formed by a printing process thereby

increasing maRERaCAARALHHRESIEP witHbok BE SHBHACONE from Heeipas 2Pd ot B4R 3706 are
shown havingvthe didleetricerradeirials 3508 fadrfigdith@eaiprebkiendigfaatric material 3708 can include gaps
3728 on the top 3710 that expose portions of plateay 3712 fr etween the dielectri terial 3708.
The gaps 3728 are ToH el ot RS or A LbAcLror HRCCISIBLIAE ot Al SEbes bortions o
the plateau 3ienflosmdostiveien tthe distantric widtedal 8 PO cTlaemdiele dPROMAterkit®RO8EsNbe designed
to support the Jesminale 3408 ARG Oaess AN G0N ABARE MitHAHRAlAgdEY 0 dhe inlegrated circuit

packaging system 3700. The dielectric material 3708 is designed to increase reliability and structural

rigidity in the $6/HF GOHRURIBIAR S M EterfdE A58 filidgiteiesreasiBliaas 2L 41ahd Ralind UARler gaps
3728 on the plateaB37d 2nd cenre@nidpipelcauiace3 730 difleddigiactsic snaterial 3708 are traces 3732.
The traces 3732 are.formed within the s 3728 to electrically canngect.to and directl tact the
atonn 3712 of the s R R R R ey BB o e
traces 3732 dhe defimath 38Wondective efemearftthelbsipnedotive distibuteceitatricatsithials Thhe traces

3732 are desigpge: yedistihvie sleguicaksignalsdn hatibryaemasnrrallylesiiraivisplated, not
excessively Iaé%e to reduce the introduction of parasitic inductance and do not cover the entire upper

surface 37300V A diEIBRFIE SRS GANBAGENS With RESHUPPASEL eGPt el elpe$odiP3obf the

present inventigerivhiei contplathbueitiTte: tarminaler3606 ancdhéarsaattopuite Diglectiatmaigrial 3708
enable efficient higah thermgl ﬁ]erf%m'ha ce ofa,%]e sulbstrateF 7009. Th? conglg' tion of the trac?s 3732, the

1 .?6 g,CgIrl] dJ tlé/ete}%'llnegfg% er can cover [0)

dielectric materiat & Ras Been discdvared¥o have |mprove50t?118rmal and
electrical profiertiegowhemteonibirieef drdtenilimets i#H tloerddsoriben fasthiomal fapeowirty thenifitegrated circuit

packaging sygiamg. 3{40 W@@h&%ﬁ%}f@%i&q&%%éﬁ%g@tﬁm{%ﬁ{ ;BQ%HH%%I@%&EQ@@E‘F invention in

multiple areas of high stress and high temperature applications. Above the die pad 3704 is an
integrated cird§itSER e 4R ARYEhRRO R SHhAIRRS dRfebaya8oFhancikidigidee3736 is

shown facingdigipridsthenebie 13ad. 3T contact layer 3526 is further depicted covering the underside of
the die pad 3504.

It has been discovered that the contact layer 3526 formed on side surfaces within the

dimpled surfaces 3524 increase solder coverage. Increasing solder coverage with the

terminals 3506 and the die pad 3504 increases board level reliability and performance. The
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It has been discovered that the die pad 3704 provides structural stability and decreased risk of warping
and ultimately breakage or damage of the integrated circuit 3734. The structural support provided by the
die pad 3704 has been discovered to increase reliability and performance of the integrated circuit
packaging system 3700. The active side 3736 of the integrated circuit 3734 is electrically connected to
the traces 378RiasthlivieerédiheEthg e picteriian Soider bunss faneddlder biHipe BR¥esare shown in

direct contactywitiy{hg 1aGas RirdRIMMHIOMS RIS ARG tRE RN’ &(32. The solder bumps 3740 can be
connected over the gaps 3728, along the trace near the integrated circuit 3734, spaced at an optimal

distance there betwe®n By D} HolioFBRIMiSrR08 323 BRh Iy it hadiE’syss MieENa Hom the
integrated cirutih@V 84rebhe fiipechipedieiGhaditldYs eanughuid: @upshErlg ihe tracqs B182tand part of the
dielectric material 3708. It has been di ered that the traces 3732 provide.imprqyed electrical
performance B BoRHLS e AR br S Ch s i e i ¢ el S e s and
design flexibifibbyralisiimed tesizne fexitstigeoiithe tatess 78X anabA8ES thet Riersks iixeiebsizef of the

integrated cirguit, 37343512 MaHBehedniggrried Rirsuit 334 dbe intereanngeiadaan s thy traces 3732

is an encapsulation 3742. The encapsulation 3742 can be glob top, film assist molding, or other
encasement RfrfietigReddmstRehisISa e o BN g RESSRISPH AN Brepses a4 Eth PRy d Solder ball
drops 3744 has heerakgcaveriegickinoieasetenifaon. bahcdiplamacity anthe ahe oe deoarddeel reliability.

It has been discovered.that utilizing the traces 3732 of.the sent invention in i ion with the
ntegrared cirR g A B B e
decreasing triemizeiofsiipldripddiavB3mdinanh 2% enahd Blatseapiiddity of breakage or damage of the

integrated circuit 37@}4 a8 _ﬁﬂpélélﬂ@é&)’ﬁ@@r&%@@li@l&%ﬁ%%&@%ﬂ‘é@d@ﬁ@&ﬁ@@é %%5'@”1"}?9@9& can_be
employed. The flip-chip die 3734 can optionally be connected to the terminals 3706 directly with the

interconnects 3748 R0 th R lsnERsts B iflerreet Bo ALaBeckith 8% Frsihaeaeieind isolated
from the tracem@43235 Thefflip-chipitip 37@canstdriyanhe mploysadyhnide-appeerabcaiiowingitor some

connections e terminals 6 to be.direct and others.to be made through, the, traces 3732.
Tt ero i Hage A RERKES e it s Rde I o IS RS | routing
with many meigngdennébeiormewints3 T laee trisseoRl7 82 edisthevigseldctogeltegndsemablet pheverrground, or

signals to be gaiite o uHale [RERRAIS 3 O/ QUNIRIE SQIRURWMAS (40 tHg W?Eﬁ%‘i?ﬁ@?% are

depicted in a multi row configuration designed to efficiently utilize the full space below the integrated
circuit packaé‘?ﬂ@%%&cl"ef‘ﬁd do not cover the entire upper surface 3530 of the dielectric material 3508.

It has been discovered that the traces 3532 of the present invention when coupled with
the terminals 3506 and formed on the dielectric material 3508 enable efficient high thermal
performance of the substrate 3509. The combination of the traces 3532, the dielectric
material 3508, and the terminals 3506 has been discovered to have improved thermal and
electrical properties when combined and utilized in the described fashion. Improving the
integrated circuit packaging systems 3500 thermal performance increases the opportunity to
utilize the present invention in multiple areas of high stress and high temperature
applications.

Above the die pad 3504 is an integrated circuit 3534 depicted as a flip-chip die having
an active side 3536. The active side 3536 is shown facing toward the die pad 3504.

It has been discovered that the die pad 3504 provides structural stability and
decreased risk of warping and ultimately breakage or damage of the integrated circuit 3534.
The structural support provided by the die pad 3504 has been discovered to increase

reliability and performance of the integrated circuit packaging system 3500.
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3700 size and enables yet smaller flip-chip dies 3734. Wire-bonded die can also be stacked upon the
integrated circuit 3734 and connected to the traces 3732 with bond wires to form hybrid flip-chip die and
wire-bonded die stacks. Referring now to FIG. 38, therein is shown a cross-sectional view of an
integrated circuit packaging system 3800 in a thirteenth embodiment of the present invention. The
integrated circuit pabikagitigesysiedd 3800 dannimrauie teirmiti 133380 62l crtiectdnvipisc8l0® dhe defined as

a conductor %Q%imﬂ%@ﬁ@@@%ﬁ%&ﬂ&&&%%&@%m.tefHéi@éid%f‘g ing4atekal isolation
from direct contact with other terminals; for this reason the terminals 3806 are also known as standoff

terminals.  SPARE r ARSI 9HBE QLSS WH VIR SidP RdReE S MSidhi < . ole the trminals 3806
is a dielectricstiddetiand8084 (N buen thie lesiiiie tibdeciadhd8ABsiS Jo8mechin thir eat c asdadianitte ghecsterminals
3806. The dielectrti%gt%gi\t%rié§1CIe%8a 8is SE Wi formed betv%%gp the terminals, 380 tgg?rggglgg ic material

0
. ! t I ) t
3808 rigidly c%ﬁcblfes & terminals 3806 M p(liéscaéntcg orm a substrate 3809, " The termin 806 are

shown havingaeop B8 epThz2fopndanenithe termitals3Boecad P MdludbcaliracbmuddsiPBand also

include depressiops.agd th eXeRMinthram dhesBiaiaaLy 381 AdmarimHmwifia(3816 of the terminals
3806. The dielectric material 3808 is in direct contact with the top 3810 of the terminals 3806 from the

plateau 3812 to the 4RI ARAYF$E 182 1A & T6 indfs I UE AP HMe shet R ap REEBIY 88 1 4.
Below the maximlswingdbe B@ifwitbe danminls-3Bpaliss 3 33attoripalitbon 23L& extenroiag dedvn from the

maximum width.38 f the terminals 3806. The battom.portjon 3 n include a dent 3820 extending
o rom tho Nk et i ST b T s S B I R D
depicted as pianaf theflategrntisechottoMdortion 3818 and centered within the base 3822 are dimpled

surfaces_ 3824. X%Q&”ﬂﬂé%ﬁt%@e&réﬁ?ésgﬁr\&eiﬁ@ﬂ&%gcﬁsﬁlgwm@h@‘?réé@ Bk surfaces 3824 of
the terminals 3806. COVEI’II’]% some of the bottom portion 3818 is a contact I%fr 3826. The contact

layer 3826 is WAL A Mite f4F (HRAPBSHATGRIRP dirraD baesbriste Brres i mnfidine seoehid form

electrical conairationanwgtiuatiier components and capable of being reflowed to form firm connections. The

contact layer 3826 can be a solder paste, a layer containing tin ad, or a conductive high temperature
poymer. The contals e St ot UL R Bomal B b R R 508 with an
even confornsahlayesiowivith baifogrdedsireetciopd and thetrasapedntidis dod2 redrehetsthrodustitict layer 3826

formed on Si‘i%s%ugﬁ&%}ﬁfﬁgﬁ h@ﬂ&%%%?%”ﬁ?&%ﬁ@’%?‘hﬁﬁ%ﬁﬁsﬁé%@ﬁ( CayRERARe IRCEeaRING Solder

coverage with the terminals 3806 increases board level reliability and é)erforman(;e. The contact layer
3826 of the pHESERt fRICRItER PLAMI8TOF I S5 Mty brocdads tsfamAhcressmgd

manufacturingipreeipianivathaut aasligitnal @oRimg can be employed.

The flip-chip die 3534 can optionally be connected to the terminals 3506 directly with
the interconnects 3540 having the interconnects 3540 in direct contact with the terminals
3506 and isolated from the traces 3532. The flip-chip die 3534 can further employ a hybrid
approach allowing for some connections to the terminals 3506 to be direct and others to be
made through the traces 3532.

Multiple layers of the traces 3532 and the dielectric material 3508 can be formed to
enable signal routing with many more connection points. The traces 3532 can be fused
together to enable power, ground, or signals to be routed to multiple terminals 3506 or
multiple solder bumps 3540. The terminals 3506 are depicted in a multi row configuration
designed to efficiently utilize the full space below the integrated circuit packaging system
3500 size and enables yet smaller flip-chip dies 3534. Wire-bonded die can also be stacked
upon the integrated circuit 3534 and connected to the traces 3532 with bond wires to form

hybrid flip-chip die and wire-bonded die stacks.
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The top 3810 of the terminals 3806 are shown having the dielectric material 3808 formed thereon. The
dielectric material 3808 can include gaps 3828 on the top 3810 that expose portions of the plateau 3812
from between the dielectric material 3808. The gaps 3828 are defined as a gap or absence of the
dielectric material 3808 that exposes portions of the plateau 3812 from between the dielectric material
3808. The dielectridefareriain®80® dd bEodexighed tthewpporrebesestinimhe 3806 dutiegmtedess and to

increase strugiidal Poidiiie Bedntewaied aiicuiRrEkagingisystent 380010k dielaglic material 3808 is
designed to increase reliability and structural rigidity in the form of the dielectric material 3808 filling the

depressions SRAAUGCHSVRF SRS SYLpE 3805°ah il drdremings £00- T imnaleltd0Atce 3830 of
the dielectric degiiediak 3806 duedrakeBRBR. frbeidraces3@3 Xarefamned avithinlibecgapzl3828 to

electrically connect to and directly. contact the platea 3%]?2 of the terminals 3806 expased hy the gaps
5878 botmoeh MR Moo SR TRELh 43S GG IS R B < oaioned
to redistributé@eetedioskgaais aT HenttelééerB88B are designed to redistribute electrical signals in that they

are generally electrigglly isqlaied ;664 %Ge%%%%lﬁfiﬁg tofaducedhe iQﬁEPqIfé%f{?{] of ayasifie inductance
and do not cover the entire upper surface 3830 of the dielectric material 3808. It has been discovered

that the trace§"38335:1 15 Adislse tHE erieiah iR -c Jhpbgleaiie tratsiahieais s &uesthit tiFRsed on the
dielectric materialc3 806 enalienafiicieatdigimth@emalkjparaemarte®Oisthieosubiiiate B8O ie: combination

of the races 3632, {h dielesiic materiel, 2608 anddhe ttminale 3806 has beep gisgoyered, o have
improved thermal and electrical properties when combined and utilizéd in the describel fashion.
Improving théammeysabsidatdréefi® packaging systems 3800 thermal performance increases the opportunity

to utilize the pf(?se”hil@\{%%i%!lé%ﬂé'5%'%@6&@1%@% ig'ﬁojtﬁ%%.aﬁﬁ’e'ﬂ&@é@@“&ﬁﬂ@%ﬁnﬂ&@éi@é@@ﬁs- _
Above the terminals 3806 is an integrated circuit 3834 depicted as a flip-chip die having an active side

3836. The actitfelgfilag3pacdhs fé@nﬂ%%ﬁ%@e@?ﬁ%}ﬂﬁéé,%é?‘temﬁ%g@lﬁe@ﬁ BldEavered that the
terminals 380% Ouptechwiththevdivlestio wiatiesial 3808 Penddebhstilickutak stalilityl andsdedieased risk of

warping and yltimatel breaggb eor?%q of the int d circuit 3834 structural support
provided by A e e e R e e TSR e ety
and performanidéhcfoteoinigrateidadiréeio padkalsinythy deprnsg8093614. The active side 3836 of the

integrated circuit 38343, qlRCHiLalMGPIRGHESE 16 HreutareRneRr BWil N LA iRt dcdgpicted as

solder bumps. The solder bumps 3840 are shown in direct contact with the traces 3832 at various points
along the traf&'3%132¢ $AESBRIBISURHSBER0VEUR B ek ietmowt (8% apacaesBraRsitYhe trace near
the integrated&igcttih 3&IddeSpacad elexeptinaldisianea theeabtwaandor 391 atpartias e61be trace 3832

beyond the g 3828 and away frgm the integr circpit.3834. The flip-chjp die 3834 is large enough
to overhang t%#;%rea%ggto%@ﬁrgﬂlg %@rr%] ofhﬁzneenlt) %&E@c }%ateé)r]% 8og’ anarﬁ)? ﬁ%igtbe?é]nt é():(()?\t/%rfled that the
traces 3832 prouideihprodedstecticahipehformantebycallowlad siréacrtilixXation of smaller flip-chip dies

3834. This allows fofgreaipf.RreeeRsed Aesian HaxbilitkLnalauwing.desisnfaxailily fhihgrtraces 3832

to offset the largely fixed size of the integrated circuit 3834.
the terminals 3606.

Covering some of the bottom portion 3618 is a contact layer 3626. The contact layer
3626 is defined as a material that can rigidly join to the surface of the terminals 3606 and
form electrical connections with other components and capable of being reflowed to form
firm connections. The contact layer 3626 can be a solder paste, a layer containing tin or lead,
or a conductive high temperature polymer. The contact layer 3626 can cover some of the
bottom portion 3618 of the terminals 3606 with an even conformal layer with a uniform
cross-section.

It has been discovered that the contact layer 3626 formed on side surfaces within the
dimpled surfaces 3624 increase solder coverage. Increasing solder coverage with the

terminals 3606 increases board level reliability and performance. The contact layer 3626 of
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Around the integrated circuit 3834 the interconnects 3840 and the traces 3832 is an encapsulation 3842.
The encapsulation 3842 can be glob top, film assist molding, or other encasement structure. On the
dimpled surfaces 3824 are solder ball drops 3844. Employing solder ball drops 3844 has been discovered
to increase uniform ball co-planarity and enhance board level reliability. It has been discovered that
utilizing the ttheerr88aY bivent Prdaetheincahthsniiproesh)brcioprinithetrederesg thesab Linegie 8884 and the

encapsuIatio&%ﬁf}%g{gggg&ggggmﬁ%@r&&gg@gq@&gmplexity by decreasing the size of flip-chip die
3834. Since the size and susceptibility of breaka(%iz or damage of the integrated circuit 3834 is

substantially decrea<id'®PIe84ERhEMsITEHBHS D AESIBAR O hn Pelesrisigaerial 36PRe flip-chip
die 3834 canfepﬂan&iky@a._cmeeﬁ@@ﬁﬁrtb&@rmi%g_ BaBOﬁldire@tgypgiﬂmheainthﬁpmts B840 having
the interconnecte 2049 direcheaniach with (e, teminals 3808 and isclaled fragdne faces, 3832. The
flip-chip die 3834°Cdn further empioy alfwybrld approac aﬂlowmg or some connections to the terminals
3806 to be difee? armddethersaoaaprradesinesuefithhdifigees 386aial 3603 hisexkopesPotivns aces 3832

and the dielegficmaleria] BR8H tRAVBEfAIMRIIQRNARIG 5I%RBE rOpING MAtR AR MPEB RORRECtioN
points. The traces 3832 can be fused together to enable power, ground, or si%nals to be routed to multiple

terminals 380% B8O YBRIEY BERTE 3EH A0 & I hIRgRS AR Hrifiydh
configurationthdeisigpec: docatficignidygitiz 8 yieniutbopacehbelae dhie intagrateld@sreuddgerakaging system

3800 size and enables.yet.smaller flip-chip dies 3834. Wire-bonded die can als cked upon the
integrated circuit 383. %laXIr%l %oar?réesct: lé%u 69 tﬁglﬁtscléls 8f§ W‘.’{%@ﬁ?ﬁ’%ﬁ&“}% o:Flrfr)l3 @f@lﬁ%p%&lp die and
wire-bonded dierstsioks 3614 Ridfbarinig sroelleo FIG 3628 endheipliscamdiid-a flow chart of a method 3900 of
manufacture of the iiegrated: Giayil-prakading ysem Ak isod Reafuhesembqdiment of the

present invention. The method 3900 includes: providing a terminal having a top with a depression in a
block 3902; alSpfyify Aogmieiritindberiznh $ESHprsSisAlneCBRs R R dt B FPhEvARS aBRp formed
therein and eppesingcapettienahihaligpibesgisen by ablogk 30bdorainthadideanvithincthe gap and in
direct contact, wj e top, th ce extending laterally over an upper syrface, of dielectric material in
o brock 2006 a0 o R R L R R R AL 2006
Thus, it has besmalslischve teadah d083e aerdipiahey stenedstinigrelrsiidpveigtion furthehdékeimportant and

heretofore uniowihane.HRaug RBISSOIHICER carabililies. Anddunclirnakagnasss " jaiegrated circuit

packaging system configurations. The resulting processes and confi%uratio_ns are straéghtforward,
cost-effective "IHBPAPABAAUNHiGNIG BT Satifs, ‘REeT PatEce Rdtivetha dir LR IBICHAPERR be implemented
by adapting known rompeesdisciorerendy: ekfiaient 33d eConpmical manuaciiéngcapllicaiion, and

utiization. \Witle (ht inyertion basheen, descibed in sonlynaiian with a specific bestmode. it is to be
understood that many alternatives, modifications, and variations wi I%e apparenlt] to ﬁmse Is][kl led in the art
in light of the Eitvegoing diederiptibsiratec6%ingRheit denrpiendad ¢6 thnbirace dhXElLcthalderiettives,

modifications,,apd yasipionihak fRllwithin 366 SeRR A e elbded elaimspfll dalists nilhgrofore set

forth herein or shown in the accompanying drawings are to be interpreted in an illustrative and
non-limiting <Aefdecal properties when combined and utilized in the described fashion. Improving the

integrated circuit packaging systems 3600 thermal performance increases the opportunity to
utilize the present invention in multiple areas of high stress and high temperature
applications.

Above the terminals 3606 is an integrated circuit 3634 depicted as a flip-chip die
having an active side 3636. The active side 3636 is shown facing toward the terminals 3606.

It has been discovered that the terminals 3606 coupled with the dielectric material
3608 provides structural stability and decreased risk of warping and ultimately breakage or
damage of the integrated circuit 3634. The structural support provided by the terminals 3606
and the dielectric material 3608 has been discovered to increase reliability and performance

of the integrated circuit packaging system 3600.
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What is claimed is: 1. A method of manufacture of an integrated circuit packaging system comprising:
providing a terminal having a top with a depression; applying a dielectric material in the depression, the
dielectric material having a gap formed therein and exposing a portion of the top therefrom; forming a
trace within the gap and in direct contact with the top, the trace extending laterally over an upper surface

of the dielectric matEpakcaiig sdnredfiref dreintegrarsdodicaiit e featikallincotgistisetordee. 2. The
method as claimakiselaim hnftdhal-cRMPIIS NG iR RMUE: HE:RART; The solder bumps 3640 are

shown in direct contact with the traces 3632 at various points along the trace 3632. The
solder bumps 3640 can be connected over the gaps 3628, along the trace near the integrated
circuit 3634, spaced at an optimal distance there between, or on a portion of the trace 3632
beyond the gaps 3628 and away from the integrated circuit 3634. The flip-chip die 3634 is
large enough to overhang the traces 3632 and part of the dielectric material 3608.

It has been discovered that the traces 3632 provide improved electrical performance
by allowing the utilization of smaller flip-chip dies 3634. This allows for greater process and
design flexibility by allowing design flexibility of the traces 3632 to offset the largely fixed
size of the integrated circuit 3634.

Around the integrated circuit 3634 the interconnects 3640 and the traces 3632 is an
encapsulation 3642. The encapsulation 3642 can be glob top, film assist molding, or other
encasement structure.

It has been discovered that utilizing the traces 3632 of the present invention in
conjunction with the integrated circuit 3634 and the encapsulation 3642 decreases production
costs and complexity by decreasing the size of flip-chip die 3634. Since the size and
susceptibility of breakage or damage of the integrated circuit 3634 is substantially decreased
a less expensive non-compression molding can be employed.

The flip-chip die 3634 can optionally be connected to the terminals 3606 directly with
the interconnects 3640 having the interconnects 3640 in direct contact with the terminals
3606 and isolated from the traces 3632. The flip-chip die 3634 can further employ a hybrid
approach allowing for some connections to the terminals 3606 to be direct and others to be
made through the traces 3632.

Multiple layers of the traces 3632 and the dielectric material 3608 can be formed to
enable signal routing with many more connection points. The traces 3632 can be fused
together to enable power, ground, or signals to be routed to multiple terminals 3606 or
multiple solder bumps 3640. The terminals 3606 are depicted in a multi row configuration
designed to efficiently utilize the full space below the integrated circuit packaging system
3600 size and enables yet smaller flip-chip dies 3634. Wire-bonded die can also be stacked
upon the integrated circuit 3634 and connected to the traces 3632 with bond wires to form

hybrid flip-chip die and wire-bonded die stacks.
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applying a contact layer below the die pad; and wherein: forming the trace includes forming a
perimeter trace around the die pad; and further comprising: mounting the integrated circuit to the die pad.
3. The method as claimed in claim 1 further comprising mounting the integrated circuit above the trace
extending beyond the integrated circuit. 4. The method as claimed in claim 1 wherein: forming the
trace includes formiRgferiulgplevirac E8Gand. filiatsar sorhprisingrenveeviiegahedmeyratadtesteisd above the

multiple traces tefminatingnat & foR-9niferm distanss tamdiadntegratedhritehitinvention. The
integrated circuit packaging system 3700 can include a die pad 3704 and terminals 3706. The
terminals 3706 are defined as a conductor designed to provide clearance for structures above
the terminal and having lateral isolation from direct contact with other terminals; for this
reason the terminals 3706 are also known as standoff terminals.

Above the terminals 3706 is a dielectric material 3708. The dielectric material 3708
is deposited in direct contact with the die pad 3704 and the terminals 3706. The dielectric
material 3708 is shown formed between the terminals 3706. The dielectric material 3708 is
further shown formed between the terminals 3706 and the die pad 3704. The dielectric
material 3708 rigidly couples the terminals 3706 and the die pad 3704 in place to form a
substrate 3709.

The terminals 3706 are shown having a top 3710. The top 3710 of the terminals 3706
can include a plateau 3712 and also include depressions 3714 extending from the plateau
3712 to a maximum width 3716 of the terminals 3706. The dielectric material 3708 is in
direct contact with the top 3710 of the terminals 3706 from the plateau 3712 to the maximum
width 3716 of the terminals 3706 and fills in the depressions 3714.

Below the maximum width 3716 of the terminals 3706 is a bottom portion 3718
extending down from the maximum width 3716 of the terminals 3706. The bottom portion
3718 can include a dent 3720 extending down from the maximum width 3716 to a base 3722
of the bottom portion 3718. The base 3722 is depicted as planar or flat. In the bottom
portion 3718 and centered within the base 3722 are dimpled surfaces 3724.

The dimpled surfaces 3724 can be rounded as shown in the dimpled surfaces 3724 of
the terminals 3706. Covering some of the bottom portion 3718 is a contact layer 3726. The
contact layer 3726 is defined as a material that can rigidly join to the surface of the terminals
3706 and form electrical connections with other components and capable of being reflowed
to form firm connections. The contact layer 3726 can be a solder paste, a layer containing tin
or lead, or a conductive high temperature polymer. The contact layer 3726 can cover some of
the bottom portion 3718 of the terminals 3706 with an even conformal layer with a uniform
cross-section. The contact layer 3726 is shown covering the bottom portion 3718 surface of
the terminals 3706 with an even and conformal film along the base 3722 and within the
dimpled surfaces 3724. The contact layer 3726 is further depicted covering the underside of
the die pad 3704.
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5. The method as claimed in claim 1 further comprising mounting the integrated circuit above the trace
extending below the integrated circuit from the terminal beyond the integrated circuit. 6. A method of
manufacture of an integrated circuit packaging system comprising: providing a terminal having a top with
a plateau and a depression extending from the plateau to a maximum width, the terminal further having a
bottom portion with ta e icexdipding fdohatiiee radat davion idtd tioarisd s adrpiviiieres cottactyer directly

to the base ofiithpitarminate{osmingAAigleciriadnatRualdn thﬁlg@wﬁ%SMan@d%%fg@cmntﬁst with the
plateau and extending to the maximum width, the dielectric material having a gap formed therein and
exposing a plTHERasT GRS the R o dPRirA & hrarkGYth s Y A MRF TP BRI coMtict with the
plateau, the trasacextgadipiptaidraly peetrarnvppessiiiface oiihe: dieteetrioynaigiialngaoesting an
integrated cirt%%irt () mcer Egatlesriminal &Q{e%ltl‘%pnther race: Vavggotlelpgg&?ulll% ircwgSttShe trace and the integrated circuit
with an encapsu?aﬁon. 7. Phe'method &s claimed in claim 6 wherein applying the contact layer
includes applying thehedppatt 18yadr Hirdetyinela Hokiore shee duningf thee dstasingl metarithe BKi¥se leaving a
portion of therggnin@ariie MAaxiFBWIdHRKRPSEER can include gaps 3728 on the top 3710 that

expose portions of the plateau 3712 from between the dielectric material 3708. The gaps
3728 are defined as a gap or absence of the dielectric material 3708 that exposes portions of
the plateau 3712 from between the dielectric material 3708. The dielectric material 3708 can
be designed to support the terminals 3706 during process and to increase structural rigidity in
the integrated circuit packaging system 3700. The dielectric material 3708 is designed to
increase reliability and structural rigidity in the form of the dielectric material 3708 filling the
depressions 3714 and having smaller gaps 3728 on the plateau 3712.

On an upper surface 3730 of the dielectric material 3708 are traces 3732. The traces
3732 are formed within the gaps 3728 to electrically connect to and directly contact the
plateau 3712 of the terminals 3706 exposed by the gaps 3728 between the dielectric material
3708. The traces 3732 are defined as conductive elements designed to redistribute electrical
signals. The traces 3732 are designed to redistribute electrical signals in that they are
generally electrically isolated, not excessively large to reduce the introduction of parasitic
inductance and do not cover the entire upper surface 3730 of the dielectric material 3708.

It has been discovered that the traces 3732 of the present invention when coupled with
the terminals 3706 and formed on the dielectric material 3708 enable efficient high thermal
performance of the substrate 3709. The combination of the traces 3732, the dielectric
material 3708, and the terminals 3706 has been discovered to have improved thermal and
electrical properties when combined and utilized in the described fashion. Improving the
integrated circuit packaging systems 3700 thermal performance increases the opportunity to
utilize the present invention in multiple areas of high stress and high temperature
applications.

Above the die pad 3704 is an integrated circuit 3734 depicted as a flip-chip die having
an active side 3736. The active side 3736 is shown facing toward the die pad 3704.

It has been discovered that the die pad 3704 provides structural stability and

decreased risk of warping and ultimately breakage or damage of the integrated circuit 3734.

46



8. The method as claimed in claim 6 further comprising forming a dimpled surface in the terminal centered
in the base. 9. The method as claimed in claim 6 further comprising forming solder balls below the
base and attached to the contact layer. 10. The method as claimed in claim 6 wherein connecting the
integrated circuit to the terminal includes connecting the integrated circuit with a bond wire or with a
solder ball. THheAsfirieerata@RIrcuitqatsdadinghey sienprasomSisimy: berarrisralvieeding anapasith a
depression; a4iglaayimmatesahindhsrderirssiang the diglsqtisdnaiseral baying a gap formed therein and

exposing a portion of the top therefrom; a trace within the gap and in direct contact with the top, the trace

extending laterally dvér %1 5ipdids SUrfact Bredricgialedriccaiinali b A me gras et dtif¥onnected to

the terminal thaotigbi7#2evitdCaterconnects 3740 depicted as solder bumps. The solder bumps 3740 are
shown in direct contact with the traces 3732 at various points along the trace 3732. The
solder bumps 3740 can be connected over the gaps 3728, along the trace near the integrated
circuit 3734, spaced at an optimal distance there between, or on a portion of the trace 3732
beyond the gaps 3728 and away from the integrated circuit 3734. The flip-chip die 3734 is
large enough to overhang the traces 3732 and part of the dielectric material 3708.

It has been discovered that the traces 3732 provide improved electrical performance
by allowing the utilization of smaller flip-chip dies 3734. This allows for greater process and
design flexibility by allowing design flexibility of the traces 3732 to offset the largely fixed
size of the integrated circuit 3734.

Around the integrated circuit 3734 the interconnects 3740 and the traces 3732 is an
encapsulation 3742. The encapsulation 3742 can be glob top, film assist molding, or other
encasement structure. On the dimpled surfaces 3724 are solder ball drops 3744. Employing
solder ball drops 3744 has been discovered to increase uniform ball co-planarity and enhance
board level reliability.

It has been discovered that utilizing the traces 3732 of the present invention in
conjunction with the integrated circuit 3734 and the encapsulation 3742 decreases production
costs and complexity by decreasing the size of flip-chip die 3734. Since the size and
susceptibility of breakage or damage of the integrated circuit 3734 is substantially decreased
a less expensive non-compression molding can be employed.

The flip-chip die 3734 can optionally be connected to the terminals 3706 directly with
the interconnects 3740 having the interconnects 3740 in direct contact with the terminals
3706 and isolated from the traces 3732. The flip-chip die 3734 can further employ a hybrid
approach allowing for some connections to the terminals 3706 to be direct and others to be
made through the traces 3732.

Multiple layers of the traces 3732 and the dielectric material 3708 can be formed to
enable signal routing with many more connection points. The traces 3732 can be fused
together to enable power, ground, or signals to be routed to multiple terminals 3706 or
multiple solder bumps 3740. The terminals 3706 are depicted in a multi row configuration

designed to efficiently utilize the full space below the integrated circuit packaging system

47



12. The system as claimed in claim 11 further comprising: a die pad adjacent to the terminal; a contact
layer below the die pad; a perimeter trace around the die pad; and wherein: the integrated circuit is
attached to the die pad. 13. The system as claimed in claim 11 wherein the trace extends beyond the
integrated circuit from below the integrated circuit. 14. The system as claimed in claim 11 further

comprising miepkezeacd srebipsnetinmalica Rorctmifbemiditaredromddredisteyraled terdtagked 15, The

system as claipagdnp elebndd whereiy thedessmextrads Brlowdhesintegratesh sl ikirasmrdhg terminal
beyond the integrated circuit. 16. A system as claimed in claim 11 wherein: the terminal has a

maximum widBPEhHR=L1R dise8h HEbeAdsA IS sk extending from the maximum width to a base;

Referring now to FIG. 38, therein is shown a cross-sectional view of an integrated
circuit packaging system 3800 in a thirteenth embodiment of the present invention. The
integrated circuit packaging system 3800 can include terminals 3806. The terminals 3806 are
defined as a conductor designed to provide clearance for structures above the terminal and
having lateral isolation from direct contact with other terminals; for this reason the terminals
3806 are also known as standoff terminals.

The terminals 3806 are shown having similar widths and heights. Above the
terminals 3806 is a dielectric material 3808. The dielectric material 3808 is formed in direct
contact with the terminals 3806. The dielectric material 3808 is shown formed between the
terminals 3806. The dielectric material 3808 rigidly couples the terminals 3806 in place to
form a substrate 3809.

The terminals 3806 are shown having a top 3810. The top 3810 of the terminals 3806
can include a plateau 3812 and also include depressions 3814 extending from the plateau
3812 to a maximum width 3816 of the terminals 3806. The dielectric material 3808 is in
direct contact with the top 3810 of the terminals 3806 from the plateau 3812 to the maximum
width 3816 of the terminals 3806 and fills in the depressions 3814.

Below the maximum width 3816 of the terminals 3806 is a bottom portion 3818
extending down from the maximum width 3816 of the terminals 3806. The bottom portion
3818 can include a dent 3820 extending down from the maximum width 3816 to a base 3822
of the bottom portion 3818. The base 3822 is depicted as planar or flat. In the bottom
portion 3818 and centered within the base 3822 are dimpled surfaces 3824.

The dimpled surfaces 3824 can be rounded as shown in the dimpled surfaces 3824 of
the terminals 3806.

Covering some of the bottom portion 3818 is a contact layer 3826. The contact layer
3826 is defined as a material that can rigidly join to the surface of the terminals 3806 and
form electrical connections with other components and capable of being reflowed to form
firm connections. The contact layer 3826 can be a solder paste, a layer containing tin or lead,
or a conductive high temperature polymer. The contact layer 3826 can cover some of the
bottom portion 3818 of the terminals 3806 with an even conformal layer with a uniform

cross-section.
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the top of the terminal has a plateau and the depression extends from the plateau to the maximum width;
the dielectric material is in direct contact with the plateau and extends to the maximum width; the gap
exposes a portion of the plateau therefrom; trace is in direct contact with the plateau; and further
comprising: a contact layer formed directly to the base of the terminal; and an encapsulation

encapsulating the tlabesdisanidesintsmatba dhecepntact 1ayer PREOSKster eis wilginve@des claihintBewherein the

contact layer mfpirned ditectiyser a ROLIQN Qfidbe aﬁ@&@g@heﬂ@wm@% nefl-theohasgdequingrR portion of
the dent near the maximum width exposed. 18. The system as claimed in claim 16 further comprising

a dimpled suffARE TR iRdrastsrhvtdl Bes e e pagidormance. The contact layer 3826 of

the present invention further can be formed by a printing process thereby increasing
manufacturing precision without additional costs.

The top 3810 of the terminals 3806 are shown having the dielectric material 3808
formed thereon. The dielectric material 3808 can include gaps 3828 on the top 3810 that
expose portions of the plateau 3812 from between the dielectric material 3808. The gaps
3828 are defined as a gap or absence of the dielectric material 3808 that exposes portions of
the plateau 3812 from between the dielectric material 3808. The dielectric material 3808 can
be designed to support the terminals 3806 during process and to increase structural rigidity in
the integrated circuit packaging system 3800. The dielectric material 3808 is designed to
increase reliability and structural rigidity in the form of the dielectric material 3808 filling the
depressions 3814 and having smaller gaps 3828 on the plateau 3812.

On an upper surface 3830 of the dielectric material 3808 are traces 3832. The traces
3832 are formed within the gaps 3828 to electrically connect to and directly contact the
plateau 3812 of the terminals 3806 exposed by the gaps 3828 between the dielectric material
3808. The traces 3832 are defined as conductive elements designed to redistribute electrical
signals. The traces 3832 are designed to redistribute electrical signals in that they are
generally electrically isolated, not excessively large to reduce the introduction of parasitic
inductance and do not cover the entire upper surface 3830 of the dielectric material 3808.

It has been discovered that the traces 3832 of the present invention when coupled with
the terminals 3806 and formed on the dielectric material 3808 enable efficient high thermal
performance of the substrate 3809. The combination of the traces 3832, the dielectric
material 3808, and the terminals 3806 has been discovered to have improved thermal and
electrical properties when combined and utilized in the described fashion. Improving the
integrated circuit packaging systems 3800 thermal performance increases the opportunity to
utilize the present invention in multiple areas of high stress and high temperature
applications.

Above the terminals 3806 is an integrated circuit 3834 depicted as a flip-chip die
having an active side 3836. The active side 3836 is shown facing toward the terminals 3806.

It has been discovered that the terminals 3806 coupled with the dielectric material

3808 provides structural stability and decreased risk of warping and ultimately breakage or
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19. The system as claimed in claim 16 further comprising solder balls below the base and attached to the
contact layer. 20. The system as claimed in claim 16 wherein the integrated circuit is connected to the
terminal with a bond wire or with a solder ball.

damage of the integrated circuit 3834. The structural support provided by the terminals 3806

and the dielectric material 3808 has been discovered to increase reliability and performance

of the integrated circuit packaging system 3800.

The active side 3836 of the integrated circuit 3834 is electrically connected to the
traces 3832 with interconnects 3840 depicted as solder bumps. The solder bumps 3840 are
shown in direct contact with the traces 3832 at various points along the trace 3832. The
solder bumps 3840 can be connected over the gaps 3828, along the trace near the integrated
circuit 3834, spaced at an optimal distance there between, or on a portion of the trace 3832
beyond the gaps 3828 and away from the integrated circuit 3834. The flip-chip die 3834 is
large enough to overhang the traces 3832 and part of the dielectric material 3808.

It has been discovered that the traces 3832 provide improved electrical performance
by allowing the utilization of smaller flip-chip dies 3834. This allows for greater process and
design flexibility by allowing design flexibility of the traces 3832 to offset the largely fixed
size of the integrated circuit 3834.

Around the integrated circuit 3834 the interconnects 3840 and the traces 3832 is an
encapsulation 3842. The encapsulation 3842 can be glob top, film assist molding, or other
encasement structure. On the dimpled surfaces 3824 are solder ball drops 3844. Employing
solder ball drops 3844 has been discovered to increase uniform ball co-planarity and enhance
board level reliability.

It has been discovered that utilizing the traces 3832 of the present invention in
conjunction with the integrated circuit 3834 and the encapsulation 3842 decreases production
costs and complexity by decreasing the size of flip-chip die 3834. Since the size and
susceptibility of breakage or damage of the integrated circuit 3834 is substantially decreased
a less expensive non-compression molding can be employed.

The flip-chip die 3834 can optionally be connected to the terminals 3806 directly with
the interconnects 3840 having the interconnects 3840 in direct contact with the terminals
3806 and isolated from the traces 3832. The flip-chip die 3834 can further employ a hybrid
approach allowing for some connections to the terminals 3806 to be direct and others to be
made through the traces 3832.

Multiple layers of the traces 3832 and the dielectric material 3808 can be formed to
enable signal routing with many more connection points. The traces 3832 can be fused
together to enable power, ground, or signals to be routed to multiple terminals 3806 or

multiple solder bumps 3840. The terminals 3806 are depicted in a multi row configuration
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designed to efficiently utilize the full space below the integrated circuit packaging system
3800 size and enables yet smaller flip-chip dies 3834. Wire-bonded die can also be stacked
upon the integrated circuit 3834 and connected to the traces 3832 with bond wires to form
hybrid flip-chip die and wire-bonded die stacks.

Referring now to FIG. 39, therein is shown a flow chart of a method 3900 of
manufacture of the integrated circuit packaging system 100 of FIG. 1 in a further
embodiment of the present invention. The method 3900 includes: providing a terminal
having a top with a depression in a block 3902; applying a dielectric material in the
depression, the dielectric material having a gap formed therein and exposing a portion of the
top therefrom in a block 3904; forming a trace within the gap and in direct contact with the
top, the trace extending laterally over an upper surface of the dielectric material in a block
3906; and connecting an integrated circuit to the terminal through the trace in a block 3908.

Thus, it has been discovered that the terminal system of the present invention
furnishes important and heretofore unknown and unavailable solutions, capabilities, and
functional aspects for integrated circuit packaging system configurations. The resulting
processes and configurations are straightforward, cost-effective, uncomplicated, highly
versatile, accurate, sensitive, and effective, and can be implemented by adapting known
components for ready, efficient, and economical manufacturing, application, and utilization.

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations that fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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What is claimed is:

1. A method of manufacture of an integrated circuit packaging system
comprising:
providing a terminal having a top with a depression;
applying a dielectric material in the depression, the dielectric material having a gap
formed therein and exposing a portion of the top therefrom;
forming a trace within the gap and in direct contact with the top, the trace extending
laterally over an upper surface of the dielectric material; and

connecting an integrated circuit to the terminal through the trace.

2. The method as claimed in claim 1 further comprising:

providing a die pad;

applying a contact layer below the die pad; and
wherein:

forming the trace includes forming a perimeter trace around the die pad; and
further comprising:

mounting the integrated circuit to the die pad.

3. The method as claimed in claim 1 further comprising mounting the integrated

circuit above the trace extending beyond the integrated circuit.

4. The method as claimed in claim 1 wherein:
forming the trace includes forming multiple traces; and
further comprising:
mounting the integrated circuit above the multiple traces terminating at a non-uniform

distance from the integrated circuit.

5. The method as claimed in claim 1 further comprising mounting the integrated
circuit above the trace extending below the integrated circuit from the terminal beyond the

integrated circuit.

6. A method of manufacture of an integrated circuit packaging system

comprising:
providing a terminal having a top with a plateau and a depression extending from the
plateau to a maximum width, the terminal further having a bottom portion

with a dent extending from the maximum width to a base;
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applying a contact layer directly to the base of the terminal;

forming a dielectric material in the depression and in direct contact with the plateau
and extending to the maximum width, the dielectric material having a gap
formed therein and exposing a portion of the plateau therefrom;

forming a trace within the gap and in direct contact with the plateau, the trace
extending laterally over an upper surface of the dielectric material;

connecting an integrated circuit to the terminal through the trace; and

encapsulating the trace and the integrated circuit with an encapsulation.

7. The method as claimed in claim 6 wherein applying the contact layer includes
applying the contact layer directly to a portion of the dent of the terminal near the base

leaving a portion of the dent near the maximum width exposed.

8. The method as claimed in claim 6 further comprising forming a dimpled

surface in the terminal centered in the base.

9. The method as claimed in claim 6 further comprising forming solder balls

below the base and attached to the contact layer.

10. The method as claimed in claim 6 wherein connecting the integrated circuit to

the terminal includes connecting the integrated circuit with a bond wire or with a solder ball.

11. An integrated circuit packaging system comprising:

a terminal having a top with a depression;

a dielectric material in the depression, the dielectric material having a gap formed
therein and exposing a portion of the top therefrom;

a trace within the gap and in direct contact with the top, the trace extending laterally
over an upper surface of the dielectric material; and

an integrated circuit connected to the terminal through the trace.

12. The system as claimed in claim 11 further comprising:
a die pad adjacent to the terminal;
a contact layer below the die pad;
a perimeter trace around the die pad; and
wherein:

the integrated circuit is attached to the die pad.
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13. The system as claimed in claim 11 wherein the trace extends beyond the

integrated circuit from below the integrated circuit.

14. The system as claimed in claim 11 further comprising multiple traces

terminating at a non-uniform distance from the integrated circuit.

15. The system as claimed in claim 11 wherein the trace extends below the

integrated circuit from the terminal beyond the integrated circuit.

16. A system as claimed in claim 11 wherein:

the terminal has a maximum width and has a bottom portion with a dent extending
from the maximum width to a base;

the top of the terminal has a plateau and the depression extends from the plateau to the
maximum width;

the dielectric material is in direct contact with the plateau and extends to the
maximum width;

the gap exposes a portion of the plateau therefrom;

trace is in direct contact with the plateau; and

further comprising:
a contact layer formed directly to the base of the terminal; and

an encapsulation encapsulating the trace and the integrated circuit.

17. The system as claimed in claim 16 wherein the contact layer is formed directly
to a portion of the dent of the terminal near the base leaving a portion of the dent near the

maximum width exposed.

18. The system as claimed in claim 16 further comprising a dimpled surface

formed in the terminal centered in the base.

19. The system as claimed in claim 16 further comprising solder balls below the

base and attached to the contact layer.

20. The system as claimed in claim 16 wherein the integrated circuit is connected

to the terminal with a bond wire or with a solder ball.
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