INTEGRATED CIRCUIT PACKAGING SYSTEM WITH ROUTABLE CIRCUITRY 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 providing multi-row lead frame
packages with reliable interconnect structures to a printed circuit board. BACKGROUND ART In the
electronic packaging industry, package coupling to the next level system is always an opportunity for
failure. The CONTERGRA TEDPECKRGYTDIFACK GINGSYSTHM WOENsl (RO EETCBds @IReYS DRaN an issue.
Package reliability can be measured by the amount of force required to tear a package off a printed circuit
board. In existing routableA&GX NEEHH QBAREJIANRE BAITRREISRERIGOdes farther than the trace
protection material. Offset or misaligned balls, ball bridging, and solder ball fall-off are few of the problems
encountered at the solder ball attach process. These issues represent increased costs to manufacturing
and a reduction in board level reliability (BL%%CH cithermare, flux application even with pin transfer
methodology is difficult to contain because the solder material in the ball pad area as it tends to flow off
the ball pad due to Afsunesetiapecafionadhiiispeeacatiby ioroedysigied aliedmaskadtyvasidauntdo be at
upper specifigaionimitasiyell. nQighnlimits ghe imanWaatudaovialdehthedivished.nackagee  With the
continued industry pressure to reduce costs and improve product reliability, these issues are currently
managed by BSAROASTNEBRFSAS LRPFhTIR B9~ repant material. While the additional inspections
and rework can improve the end product reliability, the additional cost can be prohibitive. Thus, a
need still remains for an integrated circuit packagig?lg slgstem with routable lead frame that can address the
issues of cost and reliability. In view of the AP DR for lower costs and improved product
reliability, it is incre siﬂ%ly 1(:ritticaJ thatlgnswe.rsdbet found to these1 rot%lerys. In tvilew of the ever-increasing
commercial competifve prasaures PASAE With SraWingR CEHRSu PSR B AT SIS St Wiidishing
opportunitiesaiermeanppdubprigdoctaifferdhgatoneirithe fiparkegplaoeadts sogrifivad thatuariswelrs be found
for these proble ALURNGLLIE APRAL FRCR SRRV S-elliciancics,and RRfgmance, and

meet competitive pressures adds an even fgreater urgency to the critical necessity for finding answers to
these pr0b|er§p§(_:e required to tear a package off a printed circuit board.

In existing routable lead frame packages, the ball pad level protrudes farther than the
trace protection material. Offset or misaligned balls, ball bridging, and solder ball fall-off are
few of the problems encountered at the solder ball attach process. These issues represent
increased costs to manufacturing and a reduction in board level reliability (BLR).

Furthermore, flux application even with pin transfer methodology is difficult to
contain because the solder material in the ball pad area as it tends to flow off the ball pad due
to mound shape of the ball pad after processing. Ball coplanarity was found to be at upper
specification limit as well, which limits the manufacturing yield of the finished package.

With the continued industry pressure to reduce costs and improve product reliability,
these issues are currently managed by additional inspections and rework of discrepant
material. While the additional inspections and rework can improve the end product reliability,

the additional cost can be prohibitive.



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 Embodiments of the present invention provide an integrated
circuit packaging system, and a method of manufacture therefor, that includes: electrical terminals;
circuitry protective ribgeriainaedutid] tieenailescricahtéiietrigd anaubmdd s daveaacedadyeldevolumes;

routable circyityy aRthetoPrsHfaaeaf theciieuity &f&t%&i‘f@hﬁiﬁlﬁ@ﬂa'hﬁﬂf@x@%ﬁﬁ?@%ﬁﬁ&&@ﬁ!‘it die
electrically connected to the electrical terminals, Certain embodiments of the invention have other

steps or elenfSAh LW §O8ISiA sl P b EEAHSh e R b ole!s THE UL b CEisHe HRE will become
apparent to thasecskillefbiindhe awstrprotdereadingiol feHollowing dataile codesatiplienmylaanviaken with
reference to the accom%%nyvivqgldrawin s. BRIEF DEeSCgIh?IPTIOC{;{IlgF.THE DRAWINGS FIGf. r1 isa

. ressures, rowing consumer ex ons an minishing apportymnities 10
cross-sectioral view of aniintegrated circuit packaging system s By OF TS integrated

circuit packagjingnaysis productridfergngatierosshsanticistilyiewtas arssetidniomaviedbrdenadiioa patterning

phase of ma@h@%tﬂfﬁiﬁems F'@ddﬂti&élﬁ{()%ﬁés%g@n@ viewQf %&%Gtiﬁﬁp%\t@eéﬁ%ﬁé@eéﬁha die attach
and bonding phase of manufacturing. _FIG. 5 is a cross-sectional view of the section of the lead frame

in a package SHOAPaRTSH BRI REL SIRRIEARIGIHES 2ddERE &0 SRS HSETtNY e Bite section of
the lead frame:iasaitead fiadhe precessintharpeibtetisy protective material fill phase of manufacturing.

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

Embodiments of the present invention provide an integrated circuit packaging system,
and a method of manufacture therefor, that includes: electrical terminals; circuitry protective
material around the electrical terminals and formed to have recessed pad volumes; routable
circuitry on the top surface of the circuitry protective material; and an integrated circuit die
electrically connected to the electrical terminals.

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 cross-sectional view of an integrated circuit packaging system.

FIG. 2 is a top view of the integrated circuit packaging system.

FIG. 3 is a cross-sectional view of a section of a lead frame in a patterning phase of
manufacturing.

FIG. 4 is a cross-sectional view of a section of the lead frame in a die attach and

bonding phase of manufacturing.



FIG. 7 is a cross-sectional view of the section of the lead frame in a planarization phase of manufacturing.
FIG. 8 is a cross-sectional view of the section of the lead frame in a lead frame processing phase of
manufacturing. FIG. 9 is a cross-sectional view of the section of the lead frame in a solder ball attach
phase of manufacturing. FIG. 10 is a cross-sectional view of the section of the lead frame in a second
embodiment of the fifegfated cirosit sadredingesyslethe sectii® of 1the deadofgmedtionadlaglageof the

section of th%&gﬁgﬁq%g MRASGraeRRiLIgyer removal phase of manufacturing. FIG.12isa
cross-sectional view of the lead frame in a solder ball attach phase of manufact_urinﬂé The lines 13-13

indicate where the It8ged GretitpaiRagiMg ¥y Sidhs WAt Shaindred Srets Mpareattmes is an
enlarged crogsesesiionaad aiteiftinglooddi e nikzerial fillghaddodnansi6ssas@gtional view of the section of a

third embodiment o{:f e;}ntegrated cir?uit 2ﬁ)ackag(i)?ghsystqm. FICP. %Efis a cross-sectional view of the
. . 1S CI‘O?S—ﬁeC 10ndl view e’section of the I€a rame 1]']: %;p i%arlzatlon .
section of a fourth embodiment of the integrated circuit packaging system. IG. 16 Is a cross-sectional

view of the sebtigsnodmafiifacamp®diment of the integrated circuit packaging system.  FIG. 17 is a
cross-sectional viewf te sqctigQtaishdhembegimest eliheintearated-aiieult Ragkagingsystem.

processing phase of manufacturing.

FIG. 9 is a cross-sectional view of the section of the lead frame in a solder ball attach
phase of manufacturing.

FIG. 10 is a cross-sectional view of the section of the lead frame in a second
embodiment of the integrated circuit packaging system.

FIG. 11 is a cross-sectional view of the section of the lead frame in a screen print
layer removal phase of manufacturing.

FIG. 12 is a cross-sectional view of the lead frame in a solder ball attach phase of
manufacturing. The lines 13—13 indicate where the integrated circuit packaging system will
be singulated or cut apart..

FIG. 13 is an enlarged cross-section of a terminal of FIG. 12.

FIG. 14 is a cross-sectional view of the section of a third embodiment of the
integrated circuit packaging system.

FIG. 15 is a cross-sectional view of the section of a fourth embodiment of the
integrated circuit packaging system.

FIG. 16 is a cross-sectional view of the section of a fifth embodiment of the integrated
circuit packaging system.

FIG. 17 is a cross-sectional view of the section of a sixth embodiment of the
integrated circuit packaging system.

FIG. 18 is a cross-sectional view of the section of a seventh embodiment of the
integrated circuit packaging system.

FIG. 19 is a cross-sectional view of the section of an eighth embodiment of the
integrated circuit packaging system.

FIG. 20 is a cross-sectional view of the section of a ninth embodiment of the

integrated circuit packaging system.



FIG. 18 is a cross-sectional view of the section of a seventh embodiment of the integrated circuit
packaging system. FIG. 19 is a cross-sectional view of the section of an eighth embodiment of the
integrated circuit packaging system. FIG. 20 is a cross-sectional view of the section of a ninth
embodiment of the integrated circuit packaging system. FIG. 21 is a flow chart of a method of

manufacture of an iftegPdtechdircuitpaickiay ing b é manudaflivth@f emibsdiriehtiofuhi@isiesart invention.
BEST MODERQR (rARRXENG S It B NV ENTIAON entiohhe 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 may bg;maggryithott fepasingfierpthessent eEthgeresent invention. In the
following description, numerous specific details are given to provide a thorough understanding of the

invention. Howeverriayilibeiappanssi thatibe nenbanimaye irasticed svithe widhegespegific details.

In order to avgid obscuangftlaeapr%sent in\lent1iPn, sogne well-kn VYII‘] circuits, sg/gtem config&xgations, and
the art to eand uge the 1nvention. hlst e understood that oth reaib iment, \iz]ou %

process steps are nol'discidSeq N a&tait e drawings showing embodiments of the system are

semi-diagramemé¢iv harddaot thegueadenaddcloauticwiat iihaseysterof the dinensechsnard fbaitpes obayity of

presentation %‘%ﬂ@ﬁﬂ%ﬁa@éﬁ%g%ﬁ%@ gt&g@n&g%gg@&&@%&g!y, 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. GEnéhalfplipsins etirian peppestedarinyeAdntaifosiven WHEPIASuRiple

embodimentsiareudisalaredaanm desarbed-havingisame faatiiese apparamen: iR plasianshgase of
illustration, d%scrigtion, ani\pcongiprehens'on the[ﬁeo{, sirgl]ilar and.Hk featureﬁ one to another will ordinarily
be described Witk SitHith FEYRFNEE SBTHAKats “Hie SHRBEGIRAIRE PRV BaR TR ARSI B fiPY 8 mbodiment,
second embodimentleknoas amatter yhdescapliyergomseniehperessd stepnetaniendedltscdawe any other
significance Qf.pipvide 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 to which the die is

bonded, regardless i BYiaatatio N mereedimeipiRlaihe sTsii S ShreicHBA pRISdIBG Rt the
horizontal as dust dalinpshilaums, sieh asdrRaNRnsIBRIAW foPktoBMsiJoR preidiaas indsigewall”),

t‘higher_", "lower", "upper", "over", and "under’ are efined witE respect to the horizontal Iafne, as shown
i the figures  FHE tEHROSHEH RS FHAY HHeFR ruml Wbt Shig e arvints o

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.

Where multiple embodiments are disclosed and described having some features in
common, for clarity and ease of illustration, description, and comprehension thereof, similar
and like features one to another will ordinarily be described with similar 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 to which the die is bonded, regardless of its orientation. The
term “vertical” refers to a direction perpendicular to the horizontal as just defined. Terms,

2 13 99 13

such as “above”, “below”, “bottom”, “top”, “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.

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. Each of the steps of processing such
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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. Each of the steps of processing such as etching, chemical removal, laser machining,
grinding, buffing, etc. leaves residual structures in the materials processed characteristic of the step.

This conceptds &fsplied witieliteme abadhfearmafhaprageinrdiig hillineoveiealtdrameesidinkircuit

routing concept;cture RBMEIK RGO 19dctRed cHplan is shown g sross-sectional view of an integrated
circuit packaging system 100. . The integrated circuit packaging system 100 includes a lead frame 102.
The lead frame 102THEIGORCH die2BRh %&8“1@&6%@%@&%% NSRS SIS 8 ame 102 is
of a conductiviarmeatétiatirauchoasngappespil he die attach paddle 104 and the electrical terminals 106 can
have bottoms of baje, conductive maerial qrasoidenwerable material 108 Theseldslneligble material
108 can be of materials Such as nicke gold or nlckef}bema&umfgosldp. A circuitry protegctlve material
110 holds thesigisitpesshghaiaiscnni08nd electrical terminals 106 in a fixed position relative to each other.

The circuitry protectiye fatgriahldR is dReA:aNAUEINe MAlsialaushas &mRlding comprynd, curable
under-fill, or curable epoxy, which protects parts mounted on the lead frame 102 from undesired

environmentdlBndftfoRslides sdigagshragdls 196 and ghriricibdsrminds iy dpesad it e ircuitry
protective matestah dOdinttva reaessedphchyeloppas Mk adjaceidh tpathiteel 0dthadltheranoalsal 06. It has
been discovered Mhat e regrsac nad.valumes hdseens, (e salder halls A rom moygment during
the solder reﬁow pI‘OCGSS.aPhIS results in robust boar Ieveflrelll%lblfifly ecauise the sofdrer balls 112 filling
the recessed’iad yoldanewatblprovidesamoi@Sstrengtbe arnd duetilitylto shehsalelenwkiléedldingrsupported by
the circuitry pipieetivgMatedaldl 10. It has been unexpectedly found that the circuitry protective
material 110 having the recessed pad volumes 114 filled with solder addresses several major

manufacturing yield IsStiedBnaelrsiEh Bsripedbimaldsdiestis tsehnatitsinily e pSSEH of the solder
balls 112 attachrd4i e aladirealp@iminatsafiO6 tteviel tiesrufantuingifailpresdare deftedied @nd the extra

support provided by the irc%uitr¥np otei:tiv material %10 removes shear, Yveak ess,from beilg]g a problem
. 1S % I" n-conductive aterial Su as moldjn comr%(al?ﬁ? Cﬂl."ab € under-11il, Or c%ra .
with the solder ball structures. us, It has been distove at the integrated circuit packaging

system of entipodimehtshofriecpressnninveintdom filnlsididipoetd A2 drsanherdtofodecorikponantahd
unavailable sQlHigRs, capabilities, and functional aspects for manufacturing ball grid array package
systems having multiple rows of the solder balls 112. On top of the circuitry protective material 110

and in contact with B9 eiRalitdl terfhiadis P BrETEh F5G8% 18"GF ¢ AMAUREVE RIS RIPSHE $op pads 116
may be part efdietit@bio cheuitrycdk8d wiichhmays e £addestive ek afi@iinadiciicuddracess  An

integrated circuit die or package, typified by.a die 120, with a die attach materi 2] hesively bonded
over the die gﬁg%hé%g(é‘fﬁree%g%ﬁr%cf%% éalldc Erlﬁ?aflgz%lmsz ?g A(oeﬁ onduc clz)il/(ge%nél gser@% }? Bonds to any
material. ThentizetRDtislthen Honsddergefevalbydoyseltrdbonicshibn dinepbbst Wiredniterdorheigy 24 of

conductive matefial, GHSHIAS GORPENO RN ODE top RAdS kAR ANG: the viaktahig GlieHity k8. Finally, an
encapsulation 126, such as epo‘%or plastic, seals the top pads 116, the routable circuitry 118, the wire

interconnect$4SH it RS Uils 120 foP v SRR DB BE RS HiateFripatixg, material 110.

It has been unexpectedly found that the circuitry protective material 110 having the
recessed pad volumes 114 filled with solder addresses several major manufacturing yield
issues and system level performance issues. By maintaining the position of the solder balls
112 attached to the electrical terminals 106 fewer manufacturing failures are detected and the
extra support provided by the circuitry protective material 110 removes shear weakness from
being a problem with the solder ball structures.

Thus, it has been discovered that the integrated circuit packaging system of
embodiments of the present invention furnish important and heretofore unknown and
unavailable solutions, capabilities, and functional aspects for manufacturing ball grid array

package systems having multiple rows of the solder balls 112.



It has been found that the routable circuitry 118 can route the connections from the solder balls 112 closer
to the die 120, which means that the wire interconnects 124 can be shorter. When the wire interconnects
124 are shorter, they are less subject to disconnect when being encapsulated by the encapsulation 126.
Further, where the wire interconnects 124 are gold, any reduction in length saves money. Referring
now to FIG. 2, therdi i®BHEwheaciopiizPiofabiey ntagfeaid dl R cuid packetiiny wybtéra. dleical2, the

encapsulatiog.drfathecdiart 28p 3adsthecdre inarconrngatshe4 eheiGh fabavePRRN KRpQvesdt to better
show the die attach paddle 104, the top pads 116 and the routable circuitry 118. The circuitry protective

material 110 f8URLI5IE SR EH (ISR MR h ARV E 4 Sher RIS 4 B4 the routable circuitry
118. Under the top p_adﬁtaglrﬁtareiﬁleﬁwieairtgﬁnm@laﬂpﬁﬁedh@ raed'essmj waﬁ_ yvdigmerH ddania the solder
balls 112. 15ff§£9ﬁ%10e§¥§8nﬁé vt NRraI0 | e?é*ﬂlog"é’é‘df‘e ﬁ%ﬁﬁsﬁa%ftigegﬁ

< | (}%evg1 af.a gestion of a lead frame
102 in a patterning phase of manufacturing. It should be noted t ne lea frame 107 can be in the form
of strips or steeadactive ik gopsplitibrmds theulgatateairle T2 Beprdeasseah teofisias itraesppads 116 and

the routable ety Idddath WML A RREOT A ItiBREuPiQteRe MAlRHakUpPAS ESIgE O solder
wettable conductive material such as nickel/gold, or nickel/palladium/gold is E)uf[ on the bottom of the lead

frame 102. THe'PSC8RIRGAPVILThe 20l Eiesity o 8 rEthally; aBrtetRsy BiPRolPolilig #ie thickness
of the bottomepatiern gRzic, sedlbeheashfpatsel 162iis processetddpravigiele paiite intd0dnitethe lead frame
102. A numb?% Lpfaggfgi%eéug q%(?]ct%sfﬁggiin&ltudinlg gg{:gin a%r}% Iel\?ir processing can pattern the pattern 304
as well as the Top pads 16, e routaple ar u&ryi , an % yottom pattern 302. It will be
understood that thelphatebringf phidsdabfthaanuteidewsiryitani bé gearfortscdicosoansaippliefromtiie lead frame

102 to si_mplig()ﬂf@ QQQ(@Qi”&lcﬁté?Ré-the def@(!S[i%i@ﬁ"%égn's:'@atih&h@[@%@&BM&@@P%&%&“O”&' viev_v
of a section of the lead frame 102 in a die attach and wire bonding phase of manufacturing. In the die

attach and witPBEndY G HE Q6 6 HFEF RIS ARG ARENARCE SBei A IFS S MBI B EN PRSI over the
lead frame 102insingip@idiedaitach saipsiahila? 1 2dterdiaeatiabhethe wire intetoanniecto4 24 are bonded

between the d(i)(?dlgr(l) ?Q&é{}g t(l)rplga ss%\ll6sor0trtlee routable circuitry 118. Referring now to FIG. 5,
therein is ShdWwn ‘a Cross-sectional view of the section of the lead frame 102 in a package encapsulation

phase of manufactltidggring hewhéopEkagde Gasamgslabionphase ofenaniifdctuningiathé emedpsulation 126
is molded arg}é@&éﬂ?g%%tlgp’ thenyire, iﬁ*@éﬁ@%ﬁﬁ%ﬁ%@hﬁé% Rags,id GApddhadeyiable circuitry

118. It should be noted that the lead frame 102 can be in the form of strips or sheets on which the
encapsulation 28 & forhlEt ohesHEONET 8/ A5t R shaw ghsr dihakch Pageiadh dPRdP R A%, therein is
shown a crosséeatienalbliaqiidtyel seclipcatiheypatetiaraeniQadniadeadifiasiepreaessiag and circuitry

protective m%t%’(i%l ggldﬁ’l@al%‘i,%g‘t%ﬂ lf)faadcstlluii&gdnd the routable circuitry 118. Under the top pads 116
are electrical terminals 106, the recessed pad volumes 114 and the solder balls 112.

Referring now to FIG. 3, therein is shown a cross-sectional view of a section of a lead
frame 102 in a patterning phase of manufacturing. It should be noted that the lead frame 102
can be in the form of strips or sheets.

The top portion of the lead frame 102 is processed to form the top pads 116 and the
routable circuitry 118. A bottom pattern 302 of a surface protective material such as resist or
solder wettable conductive material such as nickel/gold, or nickel/palladium/gold is put on
the bottom of the lead frame 102. The recessed pad volumes 114 of FIG. 1 are precisely
controlled by controlling the thickness of the bottom pattern 302.

The lead frame 102 is processed to provide a pattern 304 in the lead frame 102. A
number of different processes including etching and laser processing can pattern the pattern

304 as well as the top pads 116, the routable circuitry 118, and the bottom pattern 302.



The lead frame 102 is further processed by a process such as etching and laser processing to deepen
further the pattern 304 to form a full-depth pattern 602. The further processing of the full-depth pattern
602 forms the die attach paddle 104 and the electrical terminals 106 from the lead frame 102. The
circuitry protective material 110 is then used to fill the full-depth pattern 602 to be coplanar with the
bottom pattern 302 &nditobhdiererwagié thatabe praidding odasmhef thensfeetriczd tepriedsfanBdPplace.

Referring now {@-bifs of tRacsiisnsh aywnAsapasysactianakyigwgsthe section of the lead frame 102 in a
planarization phase of manufacturin The lead frame 102 is planarized to remove the bottom pattern

302 by any pIanariz%?%ﬁ‘fé’cﬂﬁ?ﬁ&é@g}cﬁ’a@%f’éﬂﬂsrﬁagwmm&oﬁﬁfﬁﬁﬁ?%ﬂm?’{g?foar S surface
removal prockas.fiQhewn2mklGe dtisch grindirgbuitieel fROEs amaxamplegof planarization of the bottom
pattern 302. Optionally, t older wettable material 108 may be deposite the bare bottom
Caaces of the eloatii e o e 1 D PR o shown o
cross-sectiorindedvsdithied ertioholetteiand Flamenohddia iaehfragisa Proessity pleasieds

manufacturinge wir@iﬁ‘i@d&ﬂ{&f@m %E@G&ﬁﬁ&g IB%H@%@n ft‘ﬂ@hﬁé m%ﬂél ﬂl@ef%}?%g frpgmothgdead frame
by a process such as etching that leaves the circuitry protective material 110 intact and causes the

material of tHEYEREFEHER02 %o thin with the circuitry protective material 110 protruding from the lead
frame 102. This forms&i¢htnpacsssedliond wakienes iddwbelanothecelretricad ieominadsclion .of theReferring

now to FIG. qé tﬁl%raenilré iﬁ)?hownaakcross-sectlf%pal view of.the S%%Ition of the lead frame 102 in a solder ball

f . .
attach phase of manufacturng. - 9n the solder attac ap aselfrﬂ%% solder ball 112 is placed on the

electrical terminals r0hin thaekegcessesppintivnlnhaes 0fl goudiatuainortien ofctrevddider 1P4llgs112 extends

below_the bOH{?ﬂ_‘ae‘%Péféﬁﬁd%U‘&&iIQU,ith{eRK/@E@%’iit\éFc_éﬂﬁé@{éai214}%@1 ROUTIQR ISR the SHEwilty pr_ote_ctive
material 110. With the recessedggad volumes 114, it has been found that the solder ball coplanarity is well

within the sp&EfIEEHdA Sinfihelshbafarr iR Rathir e [Pecm BatD TR Of 8EWRCRTESSS  Referring
now to FIG. 1), theretnd sshpnimaoar oxsis egiialwvdeteahthergectiansoefptbesiead frame 102 in a second

embodiment of the jntegrated circujt packaging system. The first phases.of manufacturing.are the same
e i FIGs. 3 through B b ga b tebs Soamian Tt b s Kb e Solir  ifable material
such as nickétgoldaoenlORelpallagiufriigeldroséism epshekage e neetpdinationphbddlofirenefacturing as
in FIG. 5, thehoftem paftern 1000 is used as a mask to further process the lead frame 102 to form the
full-depth pattern 602. On top of the bottom pattern 1000, a screen layer 1002 is deposited to cover
the bottom pattern 1000GYeF R di8%attabiBefdBIatEEbRY theerestritkdmfiltaise 68 TH&'screen layer

1002 can be prieoinie sisi@panstien piinsaidenlagero formhefyithegrgandremimdimentfilisithe
flldepth patern. 092wl S RIRISHYP DAICTR! HLORLAGchie B SORARTELHR e cxposed
terminals 106 from the lead frame 102. The circuitry protective material 110 is then used to
fill the full-depth pattern 602 to be coplanar with the bottom pattern 302 and to hold the die
attach paddle 104 and the electrical terminals 106 in place.

Referring now to FIG. 7, therein is shown a cross-sectional view of the section of the
lead frame 102 in a planarization phase of manufacturing.

The lead frame 102 is planarized to remove the bottom pattern 302 by any
planarization technique such as laser machining, buffing, grinding, or other similar surface
removal process. Shown in FIG. 7 is a grinding wheel 700 as an example of planarization of
the bottom pattern 302.

Optionally, the solder wettable material 108 may be deposited on the bare bottom
surfaces of the electrical terminals 106 after planarization.

Referring now to FIG. 8, therein is shown a cross-sectional view of the section of the

lead frame 102 in a lead frame processing phase of manufacturing.



Referring now to FIG. 11, therein is shown a cross-sectional view of the section of the lead frame 102 in a
screen print layer removal phase of manufacturing. The screen layer 1002 of FIG. 10 is removed
leaving the die attach paddle 104 and the electrical terminals 106 recessed in the circuitry protective
material 110. This removes the need for a second surface planarization process and allows the electrical
terminals 106 to belpréwplaaddranih Boksssingepiiske fwaberiglaterial Refaparief fowntd e icdifpanigerein is

shown a crossysestienalwviewfienigadhfiamednm2oldat-palbattach ahass o manufastieingesThe lines
13-13 indicate where the inte%ted circuit packaging system will be singulated or cut %Fart. Thereatfter,

the lead fram@B3'Hi theFed amsith LB A ELh6 FErtNREYCSIbRgMEEL OPENE'Y884 into the

integrated cirfiuih packaginGagystein 106i0ffériGs. the recckkel gnidlevhalls 1112 extewdlintelébeicircuitry

protective ma&%ﬂal %J[Sl dgmd below the bottom of the circuitry protective material 110 with the solder balls
Y

112 in the recessed pad volumes 114 in contact with the solder wettable material of the bottom pattern

1000.  ReferringRederriaemay teFiePethdarishowinan ealasgeeriroskvaaeibmhefecterhihiic106 of FIG.

12. The enlangegierasseertiotladakanalRnging dBnkd @idiznd 2. The recess distance 1300 of the
solder balls 112 is controlled by the thickness of the screen Ia%/er 1002 of FIG, 10 applied and removed

during processing. ™ he spdriH 3lireh Riese e mobdgidall dholsPaserba Beclrsiiialisindtae section of
a third embodieentiaf the isde gratecl wiieuit lgackagingpystanf Rdeoldeinalfonmateraktbadeop pads 116
and routable t%ig%ui%%/ 118 elev§t§% %lads 1400 of & condtuctiv%@%}l%rigl ar formedtgen the lead frame 102

over the regions that wi Iéfﬁ eS((a)quen ;Ckl)lg?'oﬁ{g?ﬁévglg: ﬁ8§1 terminals 106, The elevate u[:l)z%s 1400 allow

the top surfaceestiteentaiprpads01 18 igndehecesiethbid eiloniny 111 8itbasdeentivondifienicthe diddances from
the top surfaggpi.the.cireyitty Rrategtivenmatesabdon 1R heghiernd thagdhedit{grent distances

can allow wire sweep control by reducing the length of the wire interconnects 124. Referring now to
FIG. 15, therSRSLISHIRRARIE 858 M@ Mal view of the section of a fourth embodiment of the integrated

circuit packaging systestidgriomeot ARGIor aitenrok the tom pads-L6 @atviewtabirecisctidiiy Lth8, the lead
frame 102 is formed so, the regions that will subs ently become the electrical terminals 106 have
oxtorsions 1430 et adeaRda R e e R N PR R R e e
surfaces of tibagsy phasni@ andziace tbatsble sirouitiys1 38t nhovdiffare Hiedistandes tham the top

surface of the, CIfGHITRY PRIRAHVE fgtefial 1 101der IthasHeemiRUNE thatihe dificrgay digianges can allow

wire sweep control by reducing the Ien&th of the wire interconnects 124. Referring now to FIG. 16,

therein is shatiif &/ e10ed Rt dha IBVNG S SEATSAPSF 4 PRI BUHBMIAGH S ey Fated circuit
packaging syskebuBiigiatetha joormnaiiea of thadaptpacshdd prendsrogtaiatereirseitng 1d Sorategions that
will subsequ%ﬂydgﬁg%g}t% rtrllwgo(i!ectrical
On top of the bottom pattern 1000, a screen layer 1002 is deposited to cover the
bottom pattern 1000 over the die attach paddle 104 and the electrical terminals 106. The
screen layer 1002 can be a photoresist or a screen printable layer.
Then, the second embodiment fills the full-depth pattern 602 with the circuitry
protective material 110 of FIG. 1 to be coplanar with the exposed surface of the screen layer
1002.
Referring now to FIG. 11, therein is shown a cross-sectional view of the section of the
lead frame 102 in a screen print layer removal phase of manufacturing.
The screen layer 1002 of FIG. 10 is removed leaving the die attach paddle 104 and the
electrical terminals 106 recessed in the circuitry protective material 110. This removes the

need for a second surface planarization process and allows the electrical terminals 106 to be

pre-plated with solder wettable material.



terminals 106 are built up with extensions 1600 forming elevated pads on the lead frame 102. The
extensions 1600 allow the top surfaces of the top pads 116 and the routable circuitry 118 to have two
different distances from the top surface of the circuitry protective material 110. Further, the extensions
1600 can be formed on electrical terminals 1602, which can be formed under the die 120 and electrically
connected to wire ilteionaaety wdilindar tvectids sROVY akeospeeativadiveisf 2 18 dTrangim 220 is
adhesively bopdediav thedig,sitactt matarialkeg tothe GlEcuitry proieative MRiRridklitReratedt has been

found that the different distances can allow wire sweep control by reducing the length of the wire
interconnectS U AGKARNA NS SLRCHRSIAUGHARAN 183k iﬁﬁ?gﬁg@’d %‘? brrelifres dfgeetcuit
packaging sysieandPOulationl hzseleciricaltelminaisl engdiméuriner hedinzler the die i2Eowith the routable
circuitry 118 e]>§£e§'£dincqiourt1 frsprg? LIJI{I?&{ (t)?%ﬂ'ellZO to connect by the wire interconnects 124 to the die 120.
This permits ﬁlgﬁerpga f‘%lleﬁs?fyeby using the space underneath the die 120 to hold electrical terminals
106.  Referring ndw tol¢achally ltherainnd ko ellcriss-Bedeival nidevidf the suchonwfte sixth

embodiment gf the integriradigiyopibPaskaging sy SteRMvilinigds @dipvahipiinied rﬁgefi&igg&;dgackaging
system 1700. This sixth embodiment has a similar structure to FIG. 9 but has a fIiB chip 1702 with fusible

interconnects' SIS & 1€dRErReIaVith e spider i le mmlciabo{d th B RALeER LUy 118. It has been
found that the flip cRigfek08 pevmitFEGiatte thetaqrateiebsincatit gdaisading sSysi@ivon1ot00 ermikeferring now
to FIG. 18, therein.is sh cross-sectional view. of the section of a seye odiment of the
orated o ey TR . 14 bt
has a flip chigisoe W) sbldersbldiis o4 BlesndotiNiasbpndetductmekreofdheasblecoitexitr{0928f Some of the

routable circyifgy 1@%5&@%@9&@%%@@@%@@9@ the connections to the elevated pads 116 at one
end and to the solder balls 1704 at the other. The elevated pads 1400 are on top of the electrical

terminals 106. It haRPeBH#INY thElthdHilrTRip H 0o pefitssSaditrintsyrafebecirctitpeickaging
system 1700third Redediinghnoiviie micerdiSd tianainpisishovgns sseiassPsectionid Yiemadbiher seetion of an

eighth embodiment of the integr circui in tem. This ejghth embodiment has a similar
Stucture to P B8 b S T s e 00 L oo A BIE fo Hhe routable
circuitry 118.foimecd|entiicdktdriringld ADevanhe esgemsitng vHDouivamningflslbeted frade@arake of the

routable circyiiyil 18 hés tapPads.aldnihends immale e carecipng o p.aleyredPats 116 at one
end and to the solder balls 1704 at the other. It has been found that the flip chip 1702 permits a flatter

integrated cirCUiPBSCKEGIIE systdmPrvpdye difssratiigaet o mdicdopytar & ShofiFraity
cross-sectionabweivoitheigection of a ninth embodiment of the integrated circuit packaging system. This
ninth embodiment a similar.structur FIG. 16 byt has a flip chip 1700 with solder balls 1702
electrically connec:}eﬁjﬁ}%s%ge%lﬁ?g #e%ﬁ%ﬁ%ryé% .eqlhélse?élg rsic%fi)n[egr]ringlvrza §'fod'are eﬁ%rg{ﬁ?:ﬁ?’y connected
to elevated padsciaGteddengtnil/tbommectisd topretisaldke circuitry 118 to top pads 116 that are electrically

connected to the soider halls v Q4 ierars the.fig 1V Q2R SRM& SesfRing R PRES LG Ase £lectrically
connected dlrectlg to the solder balls 1704 or the routable circuitry 118 has top &?ds at both ends to make

the connectidR¥'td tRRAEVEREE Sha BB SE GHSWheraHE S (HESBIdEFIBR IR By OAREHRB BtHRE. It has been
found that theoflipaakip1 4 400 patBitsdhainymberad Rigctricnd WMinRIsHKal ke iIncreasaddar Wia integrated
cirouit packaging system 4100:. . ReIeHIng Bouw (9,716, 21, heteinis snouyp 2 flow chart of  method
2100 of mandfactdre oPan i egrated circul pacrzil(aglng system in & further embodiment of the present
invention. Theafethdek 28:Q00imoludies: phovidienyianeadlft atvevitha oo sk 2EG20 forenirmpaistabie circuitry on
the top surface pfitbe laaglframe:in a blogkiat04watiaming aniniegratsd drewidigpyerdhgdead frame in
a block 2106; and placing circuitry protective material around the electrical terminals for forming recessed
pad volumesSH4iBoRIeEdE matetplel {Qsuiting method, process, apparatus, device, product, and/or
system is straightforwaigl, ieest-eifective: unceomplicatektiighlyciersatie and affeepvenrtan bg surprisingly
and unobvious%irr;%%nfnt%g lg)(hadaptin knowntte@knologies, and are thus readily suited for efficiently
and economica ﬁm nufac riﬂg iﬁt\évbrea ed areuit Spac (aging systems fully compatible with conventional
manufacturing methdsrongpnosessEEand, thehmolio giesyiAm other senipartamicaspetteoktiierpeésent invention
is that it valuahly sHpRAHR R Genviees dhecisierisalizand pherdusing GrtsosimRENigsYsiems, and

increasing performance. o _ . .
pads 116 and routable circuitry 118, the regions that will subsequently become the electrical



These and other valuable aspects of the present invention consequently further the state of the
technology to at least the next level. 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 dechizdtedativesuiiodificitiomnessang Vebtiomengeleraledniin ehéhsdepkitimpd (Acluded

claims. All matigrscRithieroier® sabdorb !&ﬁrﬁiﬁa‘é%@@bﬂ@tﬁb%@ﬁ@%ﬁﬁw l%gt%ﬁV&iml%f e1ip be
interpreted in an illustrative and non-limiting sense. What is claimed is: 1. A methaod of manufacture

of an integraf@d'@ciopdEiREgihgiLpatehi eBmpriSRg  HrswiaiHBeclead Ankdbrmaerslite circuitry on
the top surfacantidhateac fravioas atbaching aa otegrhied duatitatlieovienthe deadWiarhe: gproeessing the

bottom surfage, oL inc lead raye S forming elegtical lenpinals; and.placina ccuityprglegive materia

conne .
around the electrical terminals for forming recessed pad volumes in t?we circuitry protective material.

120 by the routable circuitry 118. The die 120 is adhesively bonded by the die attach
material 122 to the circuitry protective material 110.

It has been found that the different distances can allow wire sweep control by
reducing the length of the wire interconnects 124 and the number of electrical terminals to be
increased for the integrated circuit packaging system 100.

The electrical terminals 106 can further be under the die 120 with the routable
circuitry 118 extending out from under the die 120 to connect by the wire interconnects 124
to the die 120. This permits higher ball density by using the space underneath the die 120 to
hold electrical terminals 106.

Referring now to FIG. 17, therein is shown a cross-sectional view of the section of a
sixth embodiment of the integrated circuit packaging system. This is a flip chip integrated
circuit packaging system 1700. This sixth embodiment has a similar structure to FIG. 9 but
has a flip chip 1702 with fusible interconnects such as solder balls 1704 electrically
connected to the routable circuitry 118. It has been found that the flip chip 1700 permits a
flatter integrated circuit packaging system 1700.

Referring now to FIG. 18, therein is shown a cross-sectional view of the section of a
seventh embodiment of the integrated circuit packaging system 1700. This seventh
embodiment has a similar structure to FIG. 14 but has a flip chip 1702 with solder balls 1704
electrically connected to the routable circuitry 118. Some of the routable circuitry 118 has
top pads at both ends to make the connections to the elevated pads 116 at one end and to the
solder balls 1704 at the other. The elevated pads 1400 are on top of the electrical terminals
106. It has been found that the flip chip 1702 permits a flatter integrated circuit packaging
system 1700.

Referring now to FIG. 19, therein is shown a cross-sectional view of the section of an
eighth embodiment of the integrated circuit packaging system. This eighth embodiment has a
similar structure to FIG. 15 but has a flip chip 1700 with solder balls 1702 electrically
connected to the routable circuitry 118. The electrical terminals 106 have extensions 1500

forming elevated pads. Some of the routable circuitry 118 has top pads at both ends to make

10



2. The method as claimed in claim 1 wherein processing the bottom surface of the lead frame includes:
providing a bottom pattern on the bottom surface of the lead frame for forming the electrical terminals,
removing a portion of the lead frame using the bottom pattern for forming the electrical terminals, and
removing the bottom pattern. 3. The method as claimed in claim 1 further comprising forming fusible

material in th&\eiewigstippstectioeinvatediaid iHe reecassad puldvdiantddenhallext@ddingoathiom the
circuitry protactivesnatesiald that ﬁeﬁﬁ%ﬁﬁﬁtm%&ﬁ%@%ﬂ&ﬁﬁ%&té@@ﬂ&ﬁ@%ﬁfﬁ%mng top pads

over the electrical terminals and connected to the routable circuitry. 5. The method as claimed in
claim 1 furthelr788mprising wire or fusible interconnects electrically connecting the die to the electrical

terminals. Referring now to FIG. 20, therein is shown a cross-sectional view of the section of a
ninth embodiment of the integrated circuit packaging system. This ninth embodiment has a
similar structure to FIG. 16 but has a flip chip 1700 with solder balls 1702 electrically
connected to the routable circuitry 118. The electrical terminals 106 are electrically
connected to elevated pads 116 electrically connected by routable circuitry 118 to top pads
116 that are electrically connected to the solder balls 1704 under the die 1702. In some cases,
the top pads 116 are electrically connected directly to the solder balls 1704 or the routable
circuitry 118 has top pads at both ends to make the connections to the elevated pads 116 at
one end and to the solder balls 1704 at the other. It has been found that the flip chip 1700
permits the number of electrical terminals to be increased for the integrated circuit packaging
system 1700.

Referring now to FIG. 21 therein is shown a flow chart of a method 2100 of
manufacture of an integrated circuit packaging system in a further embodiment of the present
invention. The method 2100 includes: providing a lead frame in a block 2102; forming
routable circuitry on the top surface of the lead frame in a block 2104; attaching an
integrated circuit die over the lead frame in a block 2106; and placing circuitry protective
material around the electrical terminals for forming recessed pad volumes in a block 2108.

The resulting method, process, apparatus, device, product, and/or system is
straightforward, cost-effective, uncomplicated, highly versatile and effective, can be
surprisingly and unobviously implemented by adapting known technologies, and are thus
readily suited for efficiently and economically manufacturing integrated circuit packaging
systems fully compatible with conventional manufacturing methods or processes and
technologies. Another important aspect of the present invention is that it valuably supports
and services the historical trend of reducing costs, simplifying systems, and increasing
performance.

These and other valuable aspects of the present invention consequently further the
state of the technology to at least the next level.

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

11



6. The method as claimed in claim 1 further comprising forming solder wettable material on the bottom
surfaces of the electrical terminals. 7. The method as claimed in claim 1 further comprising forming
electrical terminals under die. 8. The method as claimed in claim 1 wherein processing the bottom
surface of the lead frame includes processing for forming a die attach paddle. 9. The method as
claimed in claimbidehenebplisrivinecfomadigerensividsvafigiens|duritadl rethiindis shpvefitke top surface

of the circuitry, prRiCtiMenvataliBhaters I nERS RISt d R alaimedinicdaimid fHEtheramprizing forming
elevated pads on the top surfaces of the electrical terminals. 11. An integrated circuit packaging

system Compq{gm&g%'aéatﬂ&a %?mfﬁ%,m an illustrative and non-limiting sense.

12



circuitry protective material around the electrical terminals and formed to have recessed pad volumes;
routable circuitry on the top surface of the circuitry protective material; and an integrated circuit die
electrically connected to the electrical terminals. 12. The system as claimed in claim 11 further
comprising an encapsulation on the circuitry protective material. 13. The system as claimed in claim
11 further coMYpasingldumedieésmaterial in the circuitry protective material in the recessed pad volumes and
extending out from the circuitry protective material. 14. The system as claimed in claim 11 further
comprising top pads-over the8Oical (ARHATLEh LEAR LHSE i the TS HIRKAGHRN S YSIEM 15 The
system as claimgaisihglaim 11 further wire or fusible interconnects electrically connecting the die to the
electrical terminals. rOVidll'rEIS' ;I'E% stem as claimed in claim 11 further comprising solder wettable
material on the bottbm surfaces of the electrical terminals. 17. The system as claimed in claim 11
further comprising dlsatheaowmarrisuiinden die top surf@eThehsyerdimiaaeclaimed in claim 11 further

comprising a die attaeRipadaie iR HRAIGHITY R QRS iINSIBAEHIRE; 19. The system as claimed in claim
11 further comprising extensions of the electrical terminals above the tozqsu_rface of the circuitry protective

material. 20, TREES SR Bisbatomanriacaigiihe lead e doniprungclaetisrl epaidelsiife top surfaces

of the electrical termpinélg; circuitry protective material around the electrical terminals for forming
recessed pad volumes in the circuitry protective material.

2. The method as claimed in claim 1 wherein processing the bottom surface of
the lead frame includes:

providing a bottom pattern on the bottom surface of the lead frame for forming the

electrical terminals,

removing a portion of the lead frame using the bottom pattern for forming the

electrical terminals, and

removing the bottom pattern.

3. The method as claimed in claim 1 further comprising forming fusible material
in the circuitry protective material in the recessed pad volumes and extending out from the
circuitry protective material.

4. The method as claimed in claim 1 further comprising forming top pads over
the electrical terminals and connected to the routable circuitry.

5. The method as claimed in claim 1 further comprising wire or fusible
interconnects electrically connecting the die to the electrical terminals.

6. The method as claimed in claim 1 further comprising forming solder wettable
material on the bottom surfaces of the electrical terminals.

7. The method as claimed in claim 1 further comprising forming electrical
terminals under die.

8. The method as claimed in claim 1 wherein processing the bottom surface of
the lead frame includes processing for forming a die attach paddle.

9. The method as claimed in claim 1 further comprising forming extensions of

the electrical terminals above the top surface of the circuitry protective material.

10. The method as claimed in claim 1 further comprising forming elevated pads

on the top surfaces of the electrical terminals.
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11. An integrated circuit packaging system comprising:

electrical terminals;

circuitry protective material around the electrical terminals and formed to have

recessed pad volumes;

routable circuitry on the top surface of the circuitry protective material; and

an integrated circuit die electrically connected to the electrical terminals.

12. The system as claimed in claim 11 further comprising an encapsulation on the
circuitry protective material.

13. The system as claimed in claim 11 further comprising fusible material in the
circuitry protective material in the recessed pad volumes and extending out from the circuitry
protective material.

14. The system as claimed in claim 11 further comprising top pads over the
electrical terminals and connected to the routable circuitry.

15. The system as claimed in claim 11 further wire or fusible interconnects
electrically connecting the die to the electrical terminals.

16. The system as claimed in claim 11 further comprising solder wettable material

on the bottom surfaces of the electrical terminals.

17. The system as claimed in claim 11 further comprising electrical terminals
under die.
18. The system as claimed in claim 11 further comprising a die attach paddle in

the circuitry protective material.
19. The system as claimed in claim 11 further comprising extensions of the

electrical terminals above the top surface of the circuitry protective material.

20. The system as claimed in claim 11 further comprising elevated pads on the top

surfaces of the electrical terminals.
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