INTEGRATED CIRCUIT PACKAGING SYSTEM WITH LEAD ENCAPSULATION 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 encapsulation. BACKGROUND
ART Semiconductor chips have become progressively more complex, driven in large part by the need
for increasing processing power. Increase in power is needed in a smaller chip size for compact or
portable electINTEGRWIFEDSOIR GSITEH AOEAGTIS G 8Y FNENESY PESDRAIDIEN @ABSTAMI IdiXaportable
computers. There are a number of conventional processes for packaging integrated circuit (IC) dice.
By way of example, many IC pANRAJET HOPOF iveANR T I EdTHERBETHERIEQHeen stamped or etched from
a metal sheet to provide electrical interconnects to external devices. The die may be electrically
connected to the leadframe by means of bonding wires, solder bumps or other suitable electrical

connections. In response to the smaller @Iﬁﬁﬁ%ﬁ&aﬁ ng technologies have evolved, for example,
to enable an increased lead density, which can reduce the footprint area of a package mounted on a

printed circuit board{RGRl.Rafme parseains dechanlagies meyaeble ipacieassiiead.density by

providing rows of leads connected to a disposable portion of a leadframe. owever, manufacturing
processes foP it RYSISHREN AP IO ENSERIEIIFPIAS lead density requirements further increase, it may
be desirable to use packaging technologies that are more scalable in terms of lead density. Moreover,
it may be desirable to further reduce package size in additional ways. At the same time, it may be
desirable to maintain sufficient structural in %%wa%éﬁjéte surface mounting of the package to a
PCB. It may also be desirable to formuylate a packaging process designefjﬁto meet these objectives.

Current packaging SSITHSASUERN FAERS ¥ BoS P iR B6EEDe TR FRAY ot BE Ebi B #idaFmost, or all,

of these objebjivBsneed for increasing processing power. Increase in power is needed in a smaller chip
size for compact or portable electronic devices such as cell phones, smart phones, personal
media systems, ultraportable computers.

There are a number of conventional processes for packaging integrated circuit (IC)
dice. By way of example, many IC packages utilize a metallic leadframe that has been
stamped or etched from a metal sheet to provide electrical interconnects to external devices.
The die may be electrically connected to the leadframe by means of bonding wires, solder
bumps or other suitable electrical connections.

In response to the smaller chip size, packaging technologies have evolved, for
example, to enable an increased lead density, which can reduce the footprint area of a
package mounted on a printed circuit board (PCB). Some packaging technologies may
enable this increased lead density by providing rows of leads connected to a disposable
portion of a leadframe.

However, manufacturing processes for such leadframes may not be scalable. As lead
density requirements further increase, it may be desirable to use packaging technologies that
are more scalable in terms of lead density.

Moreover, it may be desirable to further reduce package size in additional ways. At
the same time, it may be desirable to maintain sufficient structural integrity and to facilitate
surface mounting of the package to a PCB. It may also be desirable to formulate a packaging
process designed to meet these objectives. Current packaging solutions can meet some of

these objectives but may not be able to meet most, or all, of these objectives.



Thus, a need still remains for increased density and structural integrity. In view of the ever-increasing
commercial competitive pressures, along with growing consumer expectations and the diminishing
opportunities for meaningful product differentiation in the marketplace, it is critical that answers be found
for these problems. Additionally, the need to reduce costs, improve efficiencies and performance, and
meet competitive prEdsureeedislslapnesanigrexenigddnciitondetartival mesysinitordnainbeanswers to

these prOb@%\%r—incr@&iHE”b%ﬁ%&%?@ﬁ pEQQ}SéH&QaV&é%@ﬁ@s',O@Q gvklhputg%wnge\@mmants have not
taught or suggested any solutions and, thus, solutions to these problems have Iongﬁe.luded those skilled in

the art. DISCEBSHRE G e JiiENRDRPPOr Ui LHisBER R REBRY BIIHLL L HEMGE B¥manufacture
of an integratedrképlitd ackaginc systeims natueimgafoMaing & pathage peaditizntoimingrdead adjacent

the package P%ddle the lead hav'ﬁ]g.a hole in.a Iefad bodé/ top side and a l(taad ridscéergrot({(lilding from a
€ u%e do.sas,.lm%rov% € 1€ncies andepé:r ormance, a meet c&m ctl 1v8c?lre_ ures adds an .
lead non-horizontal side; mounting an integrated circuit over the pac aé)e paddle; connecting an electrical

connector to ehen| gesdteind ghreinte thatad el oavesaiid farfimdig safilayeowigsepthl¢tinte.  The present
invention provides ainiearated i gHifRackagiRea%sieY eMdNg: R Regkras RrrdIga & Igad adjacent
the package paddle, the lead having a hole in a lead body top side and a lead ridge protruding from a
lead non-hori28RRAI%i §eE8SHSHARY YRS HEGVEFEn &40 g8 HaatiiR-oRlsBiebitdPREHEEDT connected
to the lead ankbthelkntegiratae ciccuit; and a fill layer within the hole. 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 referenceISTilesatce mpamyiigiarawings. BRIEF DESCRIPTION OF THE
DRAWINGS FIG. 1 is a cross-sectional view of an integrated circuit packaging system taken along
line 1--1 of FIG. 2 ilbefipstembiodement pfahdepre santhimlehtiom FiGuR isfadboiicrgratlzcottite integrated

circuit paCka%Ma%Yﬁée%em including: forming a package paddle; forming a lead adjacent the package
paddle, the lead having a hole in a lead body top side and a lead ridge protruding from a lead
non-horizontal side; mounting an integrated circuit over the package paddle; connecting an
electrical connector to the lead and the integrated circuit; and forming a fill layer within the
hole.

The present invention provides an integrated circuit packaging system, including: a
package paddle; a lead adjacent the package paddle, the lead having a hole in a lead body top
side and a lead ridge protruding from a lead non-horizontal side; an integrated circuit over the
package paddle; an electrical connector connected to the lead and the integrated circuit; and a
fill layer within the hole.

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 taken along
line 1--1 of FIG. 2 in a first embodiment of the present invention.

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



FIG. 3 is a cross-sectional view of a portion of the integrated circuit packaging system taken along line
1--1 of FIG. 2 in a providing phase of manufacture. FIG. 4 is a bottom view of the portion of the integrated
circuit packaging system. FIG. 5 is the structure of FIG. 3 in a connecting phase. FIG. 6 is the structure of
FIG. 5 in a molding phase. FIG. 7 is the structure of FIG. 6 in a removal phase. FIG.8is a

cross-sectional vieWw bt & portenofeardmbyeted eipetippat Kginigsyistbei (nitpaelasmit shitsotiment of the

present invenfiQh alond e 2.1 & @Eﬁ%%‘?&@ﬁ@@hiﬂg%@i@o%ﬂiﬁﬂa@f@@ integrated circuit packaging
system in a third embaodiment of the present invention, FIG. 10 is a cross-sectional view of a portion of

an integrated circuit PAck&biy LRt hhs prAien il St B thapraarkasenisk™  FIG. 11is a
bottom view of a poFliGN5ak @it ntegrated BiGL ipackagigsysbama.in a fitth embodiment of the present
invention. FIG. 121s.a cross-sectional.view of an integrated circuit packaging system taken along line
12--12 of FIG. 13 inﬁ;ﬁ{éi)ﬁ({;1 | glr%%%ud:ltrlﬁrgnot?ci):fy 'tiﬁe\g/ ﬁl}gsrélﬂit&llﬁl é?rl?ﬁcs:)eh. FIG. 13 is a top view of the integrated
circuit packaging systent.is the structure of FIG. 6 in a removal phase.

FIG. 8 is a cross-sectional view of a portion of an integrated circuit packaging system
in a second embodiment of the present invention.

FIG. 9 is a cross-sectional view of a portion of an integrated circuit packaging system
in a third embodiment of the present invention.

FIG. 10 is a cross-sectional view of a portion of an integrated circuit packaging
system in a fourth embodiment of the present invention.

FIG. 11 is a bottom view of a portion of an integrated circuit packaging system in a
fifth embodiment of the present invention.

FIG. 12 is a cross-sectional view of an integrated circuit packaging system taken
along line 12--12 of FIG. 13 in a sixth embodiment of the present invention.

FIG. 13 is a top view of the integrated circuit packaging system.

FIG. 14 is a cross-sectional view of an integrated circuit packaging system in a
seventh embodiment of the present invention.

FIG. 15 is a cross-sectional view of an integrated circuit packaging system in an
eighth embodiment of the present invention.

FIG. 16 is a flow chart of a method of manufacture of the integrated circuit packaging

system 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 may
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 may

be practiced without these specific details. In order to avoid obscuring the present invention,



FIG. 14 is a cross-sectional view of an integrated circuit packaging system in a seventh embodiment of
the present invention. FIG. 15 is a cross-sectional view of an integrated circuit packaging system in an
eighth embodiment of the present invention. FIG. 16 is a flow chart of a method of manufacture of the
integrated circuit packaging system in a further embodiment of the present invention. BEST MODE FOR
CARRYING GUE TaEFNWENTIONS. systive fonddintiermbaeinmernesardegegeribed thsslaficidnt detail to
enable thosegkilled 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 be made KB SRpERHGHRIGIIIEIS o SY e prasemiifiagriRatc anf PR Rollowing
description, nuaheends specificrgetaiscase Giveimienproyide: ddhaioughiynetepstandangrofitieatavention.
However, it wil b appayent.that fhe jnysnion max be practiced without these, spedific detefls. In order to
avoid obscuring the pr%%ent Invention, sorﬁe' well-known wcwt_s,gsystem (_:onlﬁlgura Ions, @ nd process
steps are notedisctbdesdrimtdutginerally prowrawity DB RIS einb deingtipns bfth ElSyste prbafrary

semi-diagrammatic and ARt te:seaigiande RAIRHARHY 59%5%19&@‘& dipensipasare for the clarity of
presentation and are shown exaggerated in the drawing FIGs. Simil,%élﬁ/, although the views in the

drawings for ease of d8&CPHON GERBAAIP O A SR L6 S AUBR BRI TAY™BICR. is arbitrary
for the most patinforerallysithantvantion Bavirit operaigslith ady etsptali@nRion thWuereimiudtiple
embodiments are. disclosed and descfibed having sprme .@%QJH & .%Q@%E“'H%”fe%{ecl:%r%}{ and ease of
illustration, description, and comprehension t%ereofl, similar angI ike features one to ang%ﬁer will ordinarily
be describedThitrerihodameafe feaveebaemeralerTh dismpodihars hspgeriseembadinisatedifirss embodiment,

second embogiments el AR ML AL AesEriPtive FANKENIRNCK andalgnohitendas ialaye any other
significance or provide limitations for the present invention. For expository purposes, the term

"horizontal” SEULERHRIETNS (REARCBras™ PudYarallel to the plane or surface of the integrated circuit,
regardless of its ori€btatipasildie parposaeticakrhiefdisitoadiractigadpespandiciaido iha bozontal as just

defined. Terms, suel) a5, gbover helowr Lootion fops, isidec (as In sidewally, highers, Jower:
upper’, over, an unggr , are defined with respect to fhe harizontal plane, as snown In the flgures.

“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as

LT3 LT3

“above”, “below”, “bottom”, “top”,

L I3

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
“directly on” means that there is direct contact between one element and another element
without an intervening element.

The term “active side” refers to a side of a die, a module, a package, or an electronic
structure having active circuitry fabricated thereon or having elements for connection to the
active circuitry within the die, the module, the package, or the electronic structure. 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 cross-sectional view of an integrated
circuit packaging system 100 taken along line 1--1 of FIG. 2 in a first embodiment of the
present invention. The integrated circuit packaging system 100 can include a standoff quad
flat nolead (QFN) with through hole lead locks.

The integrated circuit packaging system 100 can include a package paddle 102, which

is a support structure for mounting a semiconductor device thereon. The package paddle 102



The term "on" means that there is direct contact between elements. The term "directly on" means that
there is direct contact between one element and another element without an intervening element. The
term "active side" refers to a side of a die, a module, a package, or an electronic structure having active
circuitry fabricated thereon or having elements for connection to the active circuitry within the die, the
module, the paekagedon trisdiobabnbotseradienteonTHy widri prdde dsidyg toasposen Aepetharcliges
deposition of SRatRMRQHRRSELIRRRI Radterning, 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 shB¥iPYdioRed¥hatismuporaan Paat g rddchadit paerdiind Qe MY taken along
line 1--1 of FientZairnparfiost @ hadippeniceittheporasenifitepiitagd badiditegiafecs piciglpackiaging system
100 can includ andoff quad flat n d N) with through hole lead locks. The integrated circuit
packaging YL 10 e g S R e it o g o
semiconductbpdiebitenhetsdWdrine pastdgéphddiesit 10aresnedticely prridite Hsogeddrdatportion 104
and a paddlefaady, tog-nekion 106 above the paddle body bottom portion 104. The paddle body
bottom portion 104 and the paddle body top portion 106 are a lower central portion and an upper central

portion of the packag¥ packhecesidiedactrieircide pLgavayPats MogsmidaYtoa Entithe paddle
body top poritondiOfveapnidtiude aapaddie bedibgiormisideiSinnchacpaddie body depisidec110,
respectively, opposite the paddle pbody bottom side 10 The age paddle can include a
conductive pg ge tl))gﬁg% %?’férﬁ{)fnan@eacgé%léfdgﬁ a%%laé?g %ﬁ#:légr %flleev?ﬂ{c e]a[:c))rérvﬁc %ay electrical
connectivity. Theastiteibrdiveopandialdh bt adale paddehod tiver setedUdtives pestididytop layer 114 can be

formed directly on thgnaddle dpcdhiROiRRB.SIdR HE8 @P&h&h@r digsbQAYHOR S kT SBRELtVelY-

The package paddle 102 can include a paddle ridge 116, which is a protrusion of the package paddle
102. For illusB4i8°RifHs 92 thEPdtutEHiag 4 Pes s shewAddRHdsowkt suhard 21t ad¥der surface
having a shapefata Gidrve, @lifeowgiiadd hanaersibapetbahthaveweathsuptade anadthadqapdnstiface of the

paddle ridge 116 can include any other shapes. The upper.surf of the paddle ridge 116 is opposite
Bnd above i ol et G L G R O RS B R S e rom the
paddle body Bbttonpportidacd 04 tadbtiddIpatidie Wédy wppordiond 106V e daddicsvitiye ofi@rincludes a top
portion and a,hgiieqRefien laterally extending from the paddie body bottom portion 104 and the paddle

body top portion 106, respectively. _
The paddle ridge 116 laterally extends from the paddle body bottom portion 104 and

the paddle body top portion 106. The paddle ridge 116 includes a top portion and a bottom
portion laterally extending from the paddle body bottom portion 104 and the paddle body top
portion 106, respectively.

The lower surface of the paddle ridge 116 extends from the paddle body bottom side
108 to a paddle tip 118, which is an end of the paddle ridge 116 facing away from the paddle
body bottom portion 104 and the paddle body top portion 106. The upper surface of the
paddle ridge 116 extends from the paddle body top side 110 to the paddle tip 118. The lower
surface of the paddle ridge 116 and the upper surface of the paddle ridge 116 can be below
and above, respectively, the paddle tip 118.

The paddle tip 118 can be between a plane of a portion of the paddle body bottom
side 108 and a plane of a portion of the paddle body top side 110. The paddle body bottom
portion 104 and the paddle body top portion 106 can be above and below, respectively, a
plane of the paddle tip 118.



The lower surface of the paddle ridge 116 extends from the paddle body bottom side 108 to a paddle tip
118, which is an end of the paddle ridge 116 facing away from the paddle body bottom portion 104 and
the paddle body top portion 106. The upper surface of the paddle ridge 116 extends from the paddle body
top side 110 to the paddle tip 118. The lower surface of the paddle ridge 116 and the upper surface of the
paddle ridge 116 cathbénsaiaideic-aibovekagispertigalyl Gheqpadeledsm 1ced, 122, Mhechasislelp 118 can be

between a plapeREa Mﬁ@i‘i@fﬁh@ padgia bednhottemside L 0g1and A Riene.afik Raytienahthe paddle
body top side 110. The paddle body bottom portion 104 and the paddle body top portion 106 can be

above and b@¥iAseapLliaVy, & BrARRebPLRY feddidlipsm by formedrnmplRFA S circuit packaging system
100 can include a |6ad E22,12hich pravidesleledisibabeonneociivily todexie mnizheywi@mesp(patishown). The
lead 122 can djacent the pack addle 1 umber of the lead 122 can be formed jn multiple
s, T T R B T B D s
above the ledwdbo@y botiom1gonion iover Thetidagiiodyisbttonrnso ol d 2ortine ehthdaaidddy top portion

126 are a |0W€§f€€{?$@§z.pofﬁ9rle%ﬁqoé@yW%P%BﬁﬂnpPIH%@RB'@%Q@%&%&J&%%%W%’G The lead body
bottom portion 124 and the lead body top portion 126 can include a lead body bottom side 128 and a lead

body top sidd™aseradRRBNPGPoURE the 184a BB\ bt siiad Abgespectysly| 0889 B8 include a

conductive lelaadaedemolayeriid2 281d a conductive lead top layer 134, which provide electrical

connectivity. The conducti ad bottom layer 132.and the conductiv d top layer 134 can be formed
directly on the lead oegif %Xo?t%?mcgll élcflé and I%élé%gg agj)f %)[r)n élllaa,eerl ,?ré%obgeccot@ﬁlﬁve leaﬂﬂe lead 122
can include adedayrdidetl 3biomstyide #lprotnabimusicthatie atht 22ndustiik kird thettpurbvees3he lead

ridge 136 is shwi. WithiaBotomasisfass Ansha QR s whags: faﬁ\élﬂg %§H@Eﬁf%&y%oﬂt%@9h itis
understood that the bottom surface and the top surface of the lead ridge 136 can include any other

shapes. The Upb@ddliftad Bedndor sidsitiie £9% 58 Gbposite and above the lower surface of the lead ridge
136. The lead ritigelda36] Bt etalhaxtends famadheleachbody bettannspartidmd R4dam? themtead body top
portion 126. In other words, the |ead ri 136, includes a bottom portion and a top portion.laterally

extencing frol L T8 1A GO0 bos Hotih 1 b I 1e0h bogy g Botou b Eepitely.  The
lower surfacehofitiged shapridyer136vextdigyghoinishentzaddoddpdsstiopotinie 108te anédbitiion 38, which is

an end of they|padd iS‘Q%&%@JQ‘F&%Q pygRARrAIERe A‘ﬁ?%t*ﬂ&dthfQéEQ”TH@Hf)%r%%?fa%@%ﬁ_lﬁé@é’ﬂ body top
portion 126. The u%%er surface of the lead ridge 136 extends from the lead body top side 130 to the lead

tip 138. The IBN&rSGriseRretithandabonade 1kcnitate eiopeladrides bihe lead ridge 136 can be below
and above, respectivelyetidail@adiip LaSally edibaileadniipht 38 eaddetabiepsriaoplape ldateortion of the

lead body boftom side 128 and ane of a portion of th lad%d op side 130. The lead body bottom
T RSt G ST G R

portion 124 an op portion can beé above=an
tip 138. top portion laterally extending from the lead body bottom portion 124 and the lead body top
portion 126, respectively.
The lower surface of the lead ridge 136 extends from the lead body bottom side 128 to
a lead tip 138, which is an end of the lead ridge 136 facing away from the lead body bottom
portion 124 and the lead body top portion 126. The upper surface of the lead ridge 136
extends from the lead body top side 130 to the lead tip 138. The lower surface of the lead
ridge 136 and the upper surface of the lead ridge 136 can be below and above, respectively,
the lead tip 138.
The lead tip 138 can be between a plane of a portion of the lead body bottom side 128
and a plane of a portion of the lead body top side 130. The lead body bottom portion 124 and
the lead body top portion 126 can be above and below, respectively, a plane of the lead tip

138.



The lead 122 can include a hole 140 formed through the conductive lead bottom layer 132, the lead body
bottom portion 124, the lead body top portion 126, and the conductive lead top layer 134. The hole 140
can be formed in the lead body top side 130. The hole 140 can be formed extending from a bottom
surface of the conductive lead bottom layer 132 to a top surface of the conductive lead top layer 134.

The integrated circuibpérakalgiagasyandel bodaihtneddhraggichdapaduadge Tind hoen layksr 146

attaches an integigted Lirgsit, iBowhehiisha éﬁfmﬁ%%%*%Wy%ﬁ?%rd@nth@@%g%g‘@%m@ﬂl% top layer
114. The integrated circuit 148 can be mounted over the conductive paddle to éer 114 with the

|
attach layer 79%! ©BIEItivEsUIYsES, tHebnagratlt Brclirdasyd ansidn a8 -a ?r Blsri¢thtegrated

circuit, although tdsamde rsteadithdtdheabtegiatedfacoittld Boaanchecaed diltems et uctor device

including a fli{% Cgi?face E’the ir(;tr%{%%dlgcrlct%it 114§ égg include an inactive side 150 and an active side 152
opposite the INActive siae 11%6 e inactive gi'oﬁg 150 can be attached to the conductive paddle top layer
114 with the attach Tayeintegeited ciT¢itinsslyrates] vifcuit ikkayinglsdstmntad daveindodd b electrical

connector 154 whighsonreststne leadla2anditheiniggrated sirguitAhsndhe elesiicalcarnector 154

can be connected to the conductive lead top layer 134 and the active side 152. The electrical
connector 15%BA¥F i P3AMERRd a5 Yéripheral portion of the integrated circuit 148 at the active side
152. The integratedti¢duit packgiogisystarnIonwamiaicide daconietiof heldateatpicaleeanaector 154

connected to a b fthe lead 122. ... The integrated circujt pa ing. system 100 can include an
encapsulatior‘;v ]i% ,esé%({: Q%Eageﬁlﬁ%ye%r%fég?%rﬁ% 7 Eovers & tsérﬁ?%ﬁ%%%%?&c{%gg %éosvé%flseﬁectrical
devices providireponédhigaietdanittehvitdansdntals pradection. thetenodpaledicrrasslddredretformed over

the conductivgl_#a@glg}%ggpcg:}mgt%;ﬂem% pridqgiIdee 146 the conductive lead top layer 134, and the lead
ridge 136. he encapsulation 156 can be formed within the hole 140. Aiflane of a portion of the
i

encapsulation 156 Withit e 10! 4 5a"CBsIARAIvitH i pfatecor Y 381tith ¥ bdtdrdurface of the
conductive leggpbattoime layerila2ide 150heBicapstilaticdnel bfcamn cevartaiap suiaceahihieypaddle ridge
116, the conductjve dle layer 11 op surface of the lead ridge 136, the conductive lead top
layer 134, the 25%?5%%%2%@?1@5%% 'Iil’ll eaétraﬁ ed %F(l:% 148, and the electrical connector 154. The
encapsulation 156 ddw héctopfédisumtaaniiag asiopepotlonaf tivdudeddle gt lickdntator 154,

which connects the lead 122 and the integrated circuit 148. The electrical connector 154 can
be connected to the conductive lead top layer 134 and the active side 152.

The electrical connector 154 can be connected to a peripheral portion of the integrated
circuit 148 at the active side 152. The integrated circuit packaging system 100 can include a
number of the electrical connector 154 connected to a number of the lead 122.

The integrated circuit packaging system 100 can include an encapsulation 156, such
as a fill layer 156, which covers a semiconductor package to seal electrical devices providing
mechanical and environmental protection. The encapsulation 156 can be formed over the
conductive paddle top layer 114, the paddle ridge 116, the conductive lead top layer 134, and
the lead ridge 136.

The encapsulation 156 can be formed within the hole 140. A plane of a portion of the
encapsulation 156 within the hole 140 can be coplanar with a plane of a portion of a bottom
surface of the conductive lead bottom layer 132.

The encapsulation 156 can cover a top surface of the paddle ridge 116, the conductive
paddle top layer 114, a top surface of the lead ridge 136, the conductive lead top layer 134,
the attach layer 146, the integrated circuit 148, and the electrical connector 154. The

encapsulation 156 can be formed surrounding a top portion of the paddle ridge 116, the



paddle body top portion 106, a top portion of the lead ridge 136, and the lead body top portion 126.

The encapsulation 156 can partially expose the package paddle 102 and the lead 122. The encapsulation
156 can expose a bottom surface of the paddle ridge 116, the conductive paddle bottom layer 112, a
bottom surface of the lead ridge 136, and the conductive lead bottom layer 132. The lead 122 can
include a leadaddis-thody dApapeitdent 5. ehieh poritatefaihexieadt idahd hadrsody hudopadyottion 124 and
the lead body,taR,RqMiPN 126. The lead non-horizontal side 158 is a side from which the lead ridge 136
protrudes. It has been discovered that the lead 122 having the lead ridge 136 and the hole 140 filled
with the encapsulatidlf PR RIS SRR S BHIEN FEPTdEeTRiCksin R Uh Spanthihe derdd dfack of locking
in a semicondueterdapakaigen instucling e siandoit guadrflat nolerdaddlt-rdge (QENRNcpphckage, resulting

in structure integrity: witho tleaq ullout and misalignment. Further to the discoyery, the encapsulation
ctur IOpHIARYE eaq PUIOLEANG MISHIINMENT..g THINEE 19 NG RSN e, &
156 filled in the hole ?Lﬁ%nln%}]g%ses ontact ¢ a?gagcasow§ as friction !i)etwaélen the %nnggps% ation 156 and

the lead 122 bastuitageinldZsignificant reduction of occurrences of leads pulled out from the encapsulation

156. Referring ngy {0,{r G2 2. 4NBERIAdS: SRV RHSHORR YN 954he iteiated . chicuil-Rackading
system 100. The integrated circuit ,ackaﬂgliggi system 100 can include the package paddle 102 adjacent

and surround88 1639PABISEP BIRAL98G the leadbpdy 0P PITERR FeProtRrdadhne hOAEBERaE rows
surrounding ahid spacedsiternanpehicieter lehdhelpackagepaddle 102. The lead 122 can be electrically

isolated from the packa addle 102. The pa add 2canin e dle ridge 116
extending from thealc?olfﬁigu%ét%\l}e%g%\(]ﬁree %g{%ﬁgﬁa{%ae%ﬁ%%%%é%lIltggi%tflvreld erg%ésdé‘%g:% g‘ga ﬁ:-dridge 116
and the condfittidevipativiensapamntiaydpd sovererideurs withadsshidlsd oftdroguarencipvlaghditds

understood thatfhe,pagsliedifgedie anddbeserdusive MagdieRatamiayes hba saminkde any other

shapes. The lead 122 can include the lead ridge 136 extending from the conductive lead bottom layer
132. The leadA2Y BAPHERRTe TR BSd NG ZBITEl Ridd s I priEArthRR4aTTgE 136 protrudes.
For illustrative purpbsekeithetieatisticgeyl 8 andphaeatondyetiie:tcadieaitts Jayetrdd2sarensiown with a

shape of a squate, athgugh tis.undersiaedihel s 5aA 1005 139 A0 16 G990Hgltglegg potiom laver
132 can include any other shapes.
significant reduction of occurrences of leads pulled out from the encapsulation 156.

Referring now to FIG. 2, therein is shown a bottom view of the integrated circuit
packaging system 100. The integrated circuit packaging system 100 can include the package
paddle 102 adjacent and surrounded by a number of the lead 122.

The lead 122 can be formed in a number of rows surrounding and spaced from a
perimeter of the package paddle 102. The lead 122 can be electrically isolated from the
package paddle 102.

The package paddle 102 can include the paddle ridge 116 extending from the
conductive paddle bottom layer 112. For illustrative purposes, the paddle ridge 116 and the
conductive paddle bottom layer 112 are shown with a shape of a square, although it is
understood that the paddle ridge 116 and the conductive paddle bottom layer 112 can include
any other shapes.

The lead 122 can include the lead ridge 136 extending from the conductive lead
bottom layer 132. The lead 122 can include the lead non-horizontal side 158, from which the
lead ridge 136 protrudes. For illustrative purposes, the lead ridge 136 and the conductive
lead bottom layer 132 are shown with a shape of a square, although it is understood that the

lead ridge 136 and the conductive lead bottom layer 132 can include any other shapes.



The encapsulation 156 can expose the conductive paddle bottom layer 112, the paddle ridge 116, the
conductive lead bottom layer 132, and the lead ridge 136. The encapsulation 156 can be formed within
the hole 140 surrounded by the conductive lead bottom layer 132. Referring now to FIG. 3, therein is
shown a cross-sectional view of a portion of the integrated circuit packaging system 100 taken along line
1--1 of FIG. 2 in a pFoviehiagppHaisendbmemufsress eheTiradnesigeatediiisikaiiopdekeiging dispeddle00 can

include a leagfiama S08. Wilghcis @ Sy sBHsTanyRopHing Aid AANRGING& SERicRRduairidevice

thereto. The leadframe 302 can be formed with an electrically conductive material including copper
(Cu) or any ofA8FMGIREMELEIEIN BsrhelaMBisirREndaddiyhrec B eihys e Rpiam 1aeditg leadframe
that is pre-formed. Reeé:tenm pre-forhedindarnthaitihen eaadtrane B2 1is jprovide gontildn asthécture that
has been plated, partially remoyed, or a combination thereof in.th iding phase. Also for example, the
enditame 300 B R DY B B B PRy syetemn
100 can includfenthreutashiactiViee paidelietdsoticnl apekBie ariticinel 00 waw etislede addsdttame |aY2r 132 formed

directly on a @ﬁ@ﬂ%%tﬁ%ﬁ%épﬂéﬁﬁﬁ%&f%&ﬂﬂg AN RORJdRG aendugiivepaddle bottom layer 112
can be formed at a’]sb%acin from the conductive lead bottom layer 132. The int%gr_ated circuit

packaging system 1 Tae1e FOHFA L BR dRreRrE i Afecter agity Gandupiy tHRA SR tRNE ™8ad top layer
134 formed dipptly @mpoleaditane iopadiviace:306 Bbthedepirdme:adZanldheicanduativddgpaddle top layer
114 can be formed at.a spacing from the conductive lead top layer 134, he conducti addle
bottomayer T8 B L R et B O R e
conductive lepichtdiodayiér 4 Sauchwmetibafdrn ddewithrad patiiadhivie meatskiat inetudimgteiivéhe(aad inany other

metallic mategjal, 3Rl !if.dlox Y R cambpnatinntensaicHe canduriive Raddiglatiompyer 112, the

conductive paddle top layer 114, the conductive lead bottom layer 132, the conductive lead top layer 134,
or a combinatisfiereof can be formed with a metal plating process including a pre-plated leadframe
(PPF) plating procesge integhcleadbismpaddioanshadgpartiodlyceamosiade Ahpostinduediibepledaframe 302

can be remoyed betwee }?e conductive paddle er 114 the conductive lead layer 134 at
bolodbaltig 8yt ol Bkl et e cR S Pl DGR oM b e
conductive |ekaittop Jasferc] 3% afdharodbrof thie cotuctivdnisad pogdlaymttogylayer 1TRednobe 140 can be

formed through,thg gp@%gh?}gglqmgg%@ygrle’gg%omgnqugugg(e lead top layer 134, and a portion of

the leadframe 302 between the conductive lead bottom layer 132 and the conductive lead top layer 134.

The hole 140 can b&M5otiHEEHEy HEMIHETE&HER 1568 K& CoalivBIea BstShPRRS 082, the
conductive lelagetopl layer hd4oanacthe padion afydiel Radirasieddozibeivetndhaerconguativa-dead bottom
layer 132 and, the conductive lead jop.|layer 134. Far example, leadframe 302 can include an
incorming leadogte B DhE R T e e BT RIS M S S04 KA T4 B pes
formed with drentbvabplodessleadltditeyatdBing, laser, mechanical drilling, any other mechanical

process, any other ¢ferial PEOCTRTdR" GhEG YAt NEEEQnductive paddle top layer 114, the

conductive lead bottom layer 132, and the conductive lead top layer 134 can be formed with a
conductive material including silver (Ag), any other metallic material, a metallic alloy, or a
combination thereof. The conductive paddle bottom layer 112, the conductive paddle top
layer 114, the conductive lead bottom layer 132, the conductive lead top layer 134, or a
combination thereof can be formed with a metal plating process including a pre-plated
leadframe (PPF) plating process.

The leadframe 302 can be partially removed. A portion of the leadframe 302 can be
removed between the conductive paddle top layer 114 and the conductive lead top layer 134
at the leadframe top surface 306. Another portion of the leadframe 302 can be removed

between the conductive lead top layer 134 and another of the conductive lead top layer 134.



Referring now to FIG. 4, therein is shown a bottom view of the portion of the integrated circuit packaging
system 100. The integrated circuit packaging system 100 can include the conductive lead bottom layer
132 formed at a portion of the leadframe 302. The hole 140 can be formed at a portion of the
conductive lead bottom layer 132. For illustrative purposes, the hole 140 is shown at a central portion of

the conductive leadlbettente |dgferch8 2ealiproinghthrisigindes stoudhenae thachblitemolem BéXorksed at a
non-center offsghfram fceMeN1Ydhesaondyctive-isacPattomipyeild® Reher wordsqgcenter of the

hole 140 can be away from a center of the conductive lead bottom Iﬁgr 132. Referring now to FIG. 5,

therein is shdfid B LRJaYard & BG5S roulighrdead opiass. Bhe Thelridd ruhopudsthg system
100 can inclugleite lattaohtihywatel 4G ditachetidovhéccomduciivepaddie, top leyeluddvk dedi the integrated

circuit 148. The attach layer 146.can he formed wi ttached materjal includin agg’a h material
or an adhesits S e e R R R B e
side 152. Theudtdgretedheirculealygrhndsd ihounted over the conductive paddle top layer 114 with the

inactive side 150 fagipg the aendretiveRaddietom AYRal 1 inconfiRe IBlastisLGANMEHAE 15¢ can be

connected directly to the conductive lead top layer 134 and the active side 152. The electrical connector
154 can be cBEREEEEYFRER o Ao dPie Bsilicdd8 faadedpmasby i A MAI%AEnd of the
electrical coninekidgind S4cisipgsitiene thaciacent thalhgle akdOother Theleleicticalaemeaipr dbe can be

formed with an interconnect process includinlgewirfe bonding. For illustrative purposes, the electrical
emical process (B‘(%IC mbina T

connector 154 s Shown as a bon wire, lgﬁrt]oua?'n it is understood that the electrical connector 154 can be
any electrically conBg&tivagoamettoflG. 4REfamingsngwweo RlGo®therein ¢ shrowertihe strileture of FIG. 5

in a molding pf teﬁu@r&mﬁgg@@%@rgy@w@\qb@giﬁgéxﬁk%mt&@@iﬁ%n inclsehe,eReAPEYIALPN 156

formed over the leadframe 3 e encapsulation 156 can include a cover including an encapsulant or a

mold material™°luderihe eondypkivifhbPEETR M Holi: fprmed AcRiRATIOH AR 63A{TaMerP24, the conductive
lead top layer 134, the attactidey@rbk46rihe integsated «imuitchd8ctihe lelddticahdenniactor B&g4, and
portions of the, leadframe 302 that ar ially removed at the leadframe top surface 306. The

P et R Bl O R e R R A AR B  ca be
coplanar withlaypldAg efthopehtivisofraldsrodntkairfacdadé th) cenductiverddad botrore igeeiite.

from a center of the conductive lead bottom layer 132. In other words, a center of the hole
140 can be away from a center of the conductive lead bottom layer 132.

Referring now to FIG. 5, therein is shown the structure of FIG. 3 in a connecting
phase. The integrated circuit packaging system 100 can include the attach layer 146 attached
to the conductive paddle top layer 114 and the integrated circuit 148. The attach layer 146
can be formed with an attached material including a die attach material or an adhesive
material.

The integrated circuit 148 can include the inactive side 150 and the active side 152.
The integrated circuit 148 can be mounted over the conductive paddle top layer 114 with the
inactive side 150 facing the conductive paddle top layer 114.

The electrical connector 154 can be connected directly to the conductive lead top
layer 134 and the active side 152. The electrical connector 154 can be connected directly to a
portion of the conductive lead top layer 134 such that an end of the electrical connector 154 is
positioned adjacent the hole 140.

The electrical connector 154 can be formed with an interconnect process including

wire bonding. For illustrative purposes, the electrical connector 154 is shown as a bond wire,
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Mold bleed can be prevented with a removable tape applied under the leadframe 302. The removable
tape can be applied directly to the conductive lead top layer 134 covering the hole 140. Film-assisted
molding can be performed to prevent mold bleed with a bottom mold chase covered with a film.
Referring now to FIG. 7, therein is shown the structure of FIG. 6 in a removal phase. The removal phase
can include axb&avebal prooeastine deih e desttoenl erihmierioprodess bhynthleeciseicandrotess, a
mechanical pfgaRS®,Or a combination thereof. A portion of the leadframe 302 of FIG. 6 can be
removed between the conductive paddle bottom layer 112 and the conductive lead bottom layer 132 to
form the package p3aHEIADBOKEOHE: foltRi bR AR aRE 362 Ui Be oA vdd i Berlan the
conductive lesiek hnttgrnda e 1id pakasanothesoflibteaariotativehle act hsiitimolayss i@z éd toen the lead
122. The leadframe 302 be. partially removed at the leadframe bottom surface 304 of FIG. 3. For
lusiative po b R e i
concave shapwditrtiiéatemoval process, although it is understood that the bottom encapsulation surface

702 can be‘ formed Tﬂ@eﬁ&)ﬁﬁh@tﬂﬁﬁﬂ%%@%@ﬂu‘@é&&ﬂ@&@é{sa&ﬂé’ @H‘ﬁg&uf y@,sthgrcggauggreexam_ple, the
encapsulation 156 can be formed with the bottom encapsulation surface 702 between the paddle ridge

116 and the 648 KAJRYE3E3 NI ffaskdmypie! Whreniipaicti SH 6! cnte H5FHSY FRHSHBther of the
bottom encapsulatidpsiidacefs (02 aelfnean3iiretaad ¢ipigaalls Geand anativenefditer e ag Hagecd 36. For
SXAPIe: e iBie HORISIAS BORIHChINEN IR BIRAC (A198 ARSI S ) L0 122
micrometers {um). i apBroxmate range of the diameter can be suffic ent to forR an attachment area
on the lead 19®Rapsuldtipa ditactamdnt corlans avsiriaoéanged of pagico mfucthetdendudistagetit34 to which
the electrical coRpeiechadbizsaneeiesh For example, the attachment area can include a length in an
approximate range of 50 micrometers (um) to 75 micrometers (um), with the lead 122 having an average

size of approximateNfSbIrrtbraREre Qs B AgamovabiedanciRpled priscdhedrimse’%package
singulation pmeessioMaBlpapkage singipladinDaipcagassheavidaliside rRaneghagicallarcopticad process that

can be used L%lerg%’ﬁgl'”f’dé@%%‘e%'lﬁal%? S PaS &%&Peeﬁ‘%e%';g&%% f?ﬁ%‘iH‘E{BQ&‘&a%'Q%&Y&%emo 0.
Referring now to .8, therein is Showh a cross-sectional View of & portion of an mtegra'Pe circuit
packaging sydteyn @Gorad #igeedidt.embodiment of the present invention. The integrated circuit packaging

system 800 can be fIMEHRAMAPREBIRURLIR 1R HHEK IR GO RACKALINFAYRAPRLAD of FIG. 1,
except for the formation of the package paddle 102 of FIG. 1, the attach layer 146 of FIG. 1, and the

encapsulatiod SSEBPEEPIse canrijg Hﬂ"e@r&’ﬂ@ﬁ%ﬂr@ﬁﬁfﬁ%&ﬁ&b‘ﬁl@%ﬁﬁ%ﬁtﬁ%G@% mesae A'Package
paddle 802, witiehcig misupRoct SiriaibeBatat neronéiRgoa semibiaductiaederice thereon. For example, the

package paddle 80%%?(‘)?&919 IgP ﬁlg I'Sele{ggz?rgesg%ﬁcgfrﬁl@p gj gellggog' geir%(PVaeg'between the conductive
paddle bottom layer 112 and the conductive lead bottom layer 132 to form the package
paddle 102. Another portion of the leadframe 302 can be removed between the conductive
lead bottom layer 132 and another of the conductive lead bottom layer 132 to form the lead
122. The leadframe 302 can be partially removed at the leadframe bottom surface 304 of
FIG. 3.

For illustrative purposes, a bottom encapsulation surface 702 of the encapsulation 156
is shown with a concave shape with the removal process, although it is understood that the
bottom encapsulation surface 702 can be formed with any shapes including convex, concave,
any other curves, or flat. For example, the encapsulation 156 can be formed with the bottom
encapsulation surface 702 between the paddle ridge 116 and the lead ridge 136. Also for
example, the encapsulation 156 can be formed with another of the bottom encapsulation

surface 702 between the lead ridge 136 and another of the lead ridge 136.
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The package paddle 802 can include a paddle body bottom portion 804 and a paddle body top portion
806 above the paddle body bottom portion 804. The paddle body bottom portion 804 and the paddle body
top portion 806 are a lower central portion and an upper central portion of the package paddle 802,
respectively. The paddle body bottom portion 804 and the paddle body top portion 806 can include a
paddle body bottonfsickx 808l aribicahpked i€ lsariyndpdsided8ns:iee spaetimipxapposieahepidtie body

bottom side 8BomerlieRRCKAES PRAAIREOR FAR)INEhids, BsaRdCTua PaEdE hotor) ayerB12 and a

conductive paddle top layer 814, which provide electrical connectivity. The conductive paddle bottom

layer 812 andtHEEBhEULEDPAHIBRSP g2 PR NE (e hé%ormed directly on the paddie body bottom side
808 and the paddleTiedytiomsiteahQs resplactiuely of the doedpatkapadiaddigs3024canvinicitie a paddle

ridge 816, whigh is. 3 profrusion of the packapepaddie 802, £9 tz‘a'é&{%ltéap\a’ree?&{lﬁ’?ﬁ%déhEieﬁ%a%d'e ridge 816
is shown with a lower surface and an upper surface flwaelng a shape of a curve, {ﬂ% ougah it 15 understood
that the lowefs¥ifarRisamdatse agpef SOrfeiceonktie paedie Fiagecsrectean (holudétaie dthér shapes. The

upper surfa%ﬁﬁﬁ%%@%%ger @9?0@%@pi%ﬂﬁﬁ%?ﬁ@ﬁiﬂi%%e@?uﬁ%ﬁﬁéﬁﬁ%ce of the paddle ridge 816.
The paddle ridge 816 laterally extends from the paddle body bottom portion 804 and the paddle body top

portion 806. The palifle Algeh T GAR S Bt pbriarkasid dnsytiban pBifSHSlatet ARy R8cta8tiing from the
paddle body hagaai@opiose804uandiiike paneieaboaydopppoitipro8Q6 thaspaciivaked to pldimdewer surface

of the paddle.ri 816 extends.from the paddle body. bottom.side 808 paddle tip 818, which is an
end of the palgéjfg{%riﬁégagﬁ%g?a%ﬁa %vﬁlgéeyl 0 r%%%cgggléI%ag%a&nﬁgﬁsg?ﬁll[){gﬁon 804 and the paddle body
top portion 806. Th&efoperesurfate Hihe, thadelie WdgevB1 6 extsrdstiporh theey pdddhetbody i side 810 to

the paddle tip BB Lheilewenauriass Qf s nardie idae &ileranditheBPerSpIfaGR alvieiarddle ridge

816 can be below and above, respectively, the paddle tip 818. The paddle tip 818 can be between a
plane of a portiSn ¥ #EGIatiifEihBaskpeRdMYSiER S98 siy Beplamecdiia foRonsT e lBaduiBbody top side
810. The paddteghaely hatirperitinn SOdeandoihefpEiddle, kacyptdprpbetiomB0ioican the loyg:and below,
respectively, a plane of e tip 818. e e paddle 802 can inglu ddle recess 820,
e s an s i o S R R B o be forme at
the paddle body toplsidiat8decdsirexdmqskaing paddis 08 cessrgRacandsicigdpadhaffldtcridchrecess area.

For illustrative, pURES&s, dEcRAAHG TR66REE20 Rahenduaba GantaLRALERN dithe-RapiadgPaddle 802,

although it is understood that the paddle recess 820 can be at any other portion of the package paddle

802.  Thelsabige raddeSBberpdpriidarinerrthtbugh eiaciutingatie iidddie top layer 814 and partially
through the paddle DadydaaeostianSaR, tandinlieragiidalemhdisient, pheigastienacessi820 can be

e vougl o TGP e B PR R 6, g el
portion 804 and the paddle body top portion 806 are a lower central portion and an upper
central portion of the package paddle 802, respectively. The paddle body bottom portion 804
and the paddle body top portion 806 can include a paddle body bottom side 808 and a paddle
body top side 810, respectively, opposite the paddle body bottom side 808.

The package paddle 802 can include a conductive paddle bottom layer 812 and a
conductive paddle top layer 814, which provide electrical connectivity. The conductive
paddle bottom layer 812 and the conductive paddle top layer 814 can be formed directly on
the paddle body bottom side 808 and the paddle body top side 810, respectively.

The package paddle 802 can include a paddle ridge 816, which is a protrusion of the
package paddle 802. For illustrative purposes, the paddle ridge 816 is shown with a lower

surface and an upper surface having a shape of a curve, although it is understood that the

lower surface and the upper surface of the paddle ridge 816 can include any other shapes.
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The paddle recess 820 can be bounded by non-horizontal sides of the conductive paddle top layer 814
and the paddle body top portion 806. In an alternative embodiment, the paddle recess 820 can be
bounded by non-horizontal sides of the conductive paddle top layer 814, the paddle body top portion 806,
and the paddle body bottom portion 804. The integrated circuit packaging system 800 can include a
lead 822 haviHiy apesdsbodsendiibmnaddion &z43andsaokraditsothd tahy po Hionos26 shiectealdthddy bottom
portion 824 angyihe;igad kpdy top portion 826 can include a lead body bottom side 828 and a lead body
top side 830, respectively. The lead 822 can include a conductive lead bottom layer 832 and a

conductive lead top 188 4H5a rifpe §L4 lrssdly a1 rdrubem e ddlg L ¥ 86 AL § U ieRdh8ds. The lead
822 can inclutle palidite340 .tdihpoleiad 822 CHiz peddentiddes b inanides simplaotodihaenéaddizaof FIG. 1.

The integrated circuit packaging system 800 can include an attach | 846. The attach layer 846
attaches an PR N R R e B D R S SR, et winin
the paddle reeas9188¢0, respFeievehtegrated circuit packaging system 800 can include the integrated circuit

848 having an inactiyg fideSRPkardphaptivaside:837% thedNewatad picul 848 tRrds drunted over
the package gaddle 802 with a portion of the int%%rated circuit 848 within the paddle recess 820. The

integrated circ Uit PAdKRAGIRGR e TBebit AR sAdiblibaprafictites HoreonrssureRdinRidited circuit
848 and the elesbtricalopopoaiorsddhadnhbeidandthdy aomanitienSotlama thepsrtegrateceieuit 148 of

FIG. 1 and the electrical nector 154 of FIG. 1, respectively, he integrat ircyit packaging
Cystem 800 LR HAs S SRAEt i, B ot I B T B o
package to seefedeotribal riddieatslpediitlinng! e chranicairtind enbiz maddintad gsrdtéctioneTrdosncapsulation

856 can be formed.overthegongdugtiveraddlesap layer 814, the paddle ridge 816, the conductive lead
top layer 834, and the lead ridge 836. The encapsulation 856 can be formed within the Eaddle recess

820.  The encapifabist'sse i sertBmbe GithinPifiecid BaBioA pidhe Rir'd pSribrost e
encapsulatiori&80widhinatheiole 840rcan dfateoplatiarbaiihtapplalees 0f. aTierhadikf Bobptomasurface of the
conductive 'e&%%%tw laan)ée{hg%%ddle body top portion 806 can be above and below, respectively, a

plane of the paddle tip 818.

The package paddle 802 can include a paddle recess 820, which is an indentation at a
portion of the package paddle 802. The paddle recess 820 can be formed at the paddle body
top side 810. For example, the paddle recess 820 can include a half-etched recess area. For
illustrative purposes, the paddle recess 820 is shown at a central portion of the package
paddle 802, although it is understood that the paddle recess 820 can be at any other portion of
the package paddle 802.

The paddle recess 820 can be formed through the conductive paddle top layer 814 and
partially through the paddle body top portion 806. In an alternative embodiment, the paddle
recess 820 can be formed through the conductive paddle top layer 814, the paddle body top
portion 806, and partially through the paddle body bottom portion 804.

The paddle recess 820 can be bounded by non-horizontal sides of the conductive
paddle top layer 814 and the paddle body top portion 806. In an alternative embodiment, the
paddle recess 820 can be bounded by non-horizontal sides of the conductive paddle top layer
814, the paddle body top portion 806, and the paddle body bottom portion 804.

The integrated circuit packaging system 800 can include a lead 822 having a lead

body bottom portion 824 and a lead body top portion 826. The lead body bottom portion 824
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The encapsulation 856 can cover a top surface of the paddle ridge 816, the conductive paddle top layer
814, a top surface of the lead ridge 836, the conductive lead top layer 834, the attach layer 846, the
integrated circuit 848, and the electrical connector 854. The encapsulation 856 can be formed
surrounding a top portion of the paddle ridge 816, the paddle body top portion 806, a top portion of the
lead ridge 838 hihd sl leedy eripadiopSicrselude afihaddwdagmiteniondg 58 Tardpaleial Yodxpose the
package padglls §82e30d:thsleReB22. The encapsulation 856 can expose a bottom surface of the paddle
ridge 816, the conductiv%é)addle ottom layer 812, a bottom surface of the lead ridge 836, and the

conductive lead botfdfn!Riyetgaean inclydsfgondpchisclsod Rtamiane ficrade saudieisp2Adving the
paddle receseB2enithin Thichdrs Integratadecirtuil 84g:is mtachec kighificastly Teeisaeszototal

package height, incluFégfa‘?L%E‘egs'ZlBW %)Fg&d Boiheren o%lhé’ in %‘g{%%%}ss‘?% onal yiew. of f;zt?%rft'on of an
integrated circuit packaging system In a third embodiment of the present invention. The
cross-sectiondriéw depicts a portion of the integrated circuit packaging system 900. The integrated

circuit packaging sygtenh9f canbefepngddmna s’%@{lﬂeéoﬁi ilatdadhe Aﬁt%&a{%ﬁm%. pagkaging
system 100 of FIG. 1, except for the formation of the lead 122 of FIG. 1. The integrated circuit

packaging sy&tarh 06 i indahes Andatrges deHIH! Yot igeb e Ractiea) RasHteBtitity i edidithal systems
(not shown). Thhe etric 90 Becandhaludenhs lead ity battosr@ortion 904 and a lead body top portion 906
above the lead body.bottom portion 904. The lead bod ttom portion 904 and the lead b top portion
306 are & loner cer (1Al BUTRA G i dscaa oy s O RO BB SRR on ooy
bottom portiorr 904 anmdirsiveatidsodftepdoantiariBo6idardidclublec anesthivddsisoitorhiside 908 and a lead

body top sid&R1,0ie5RGGHYGINIARP alig R ICARRO BN DA OMIRIARIRea cirddieslandi#RR @an include a

conductive lead bottom Iaﬁyer 912 and a conductive lead top layer 914, which provide electrical
connectivity. BHEIESHESEEVE lead bottom layer 912 and the conductive lead top layer 914 can be formed
directly on the lead Dadinfegitast SideiOp& lanththe sama stodyatopside i Olctaspecivaelior 85Fhe lead 902

can include aJead rid 16, which is a protrusion of the Je 02. For illustrative purposes, the lead
ge 516 1 SRR A SLALSIE EI0 Solplar Rt BB B BB e
understood titaththmtsetatrd Suridcet &ntiitle lomd drfadectio e dendt tid APt FIEan ineipdisiealy: other

shapes. The upper gjrfage-fiihieiRad PAIGHE S RAPSGHE AN FRVE BRIl R aee Qlihe lead ridge
916. The lead ridge 91§ laterally extends from the lead body bottom portion 904 and the lead body top

portion 906. i BtHEIWEr L0 tRdIhEryitge STBGARIALS BREIBESAS prkidfr ditd! desis s drssifingerally
extending frofethenieadano dyaaitamnpa it anththenteacuhedy & Roxktien Bbhedaspeckively.

conductive paddle top layer 814, the paddle ridge 816, the conductive lead top layer 834, and
the lead ridge 836. The encapsulation 856 can be formed within the paddle recess 820.

The encapsulation 856 can be formed within the hole 840. A plane of a portion of the
encapsulation 856 within the hole 840 can be coplanar with a plane of a portion of a bottom
surface of the conductive lead bottom layer 832.

The encapsulation 856 can cover a top surface of the paddle ridge 816, the conductive
paddle top layer 814, a top surface of the lead ridge 836, the conductive lead top layer 834,
the attach layer 846, the integrated circuit 848, and the electrical connector 854. The
encapsulation 856 can be formed surrounding a top portion of the paddle ridge 816, the
paddle body top portion 806, a top portion of the lead ridge 836, and the lead body top
portion 826.

The encapsulation 856 can partially expose the package paddle 802 and the lead 822.

The encapsulation 856 can expose a bottom surface of the paddle ridge 816, the conductive
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The lower surface of the lead ridge 916 extends from the lead body bottom side 908 to a lead tip 918,
which is an end of the lead ridge 916 facing away from the lead body bottom portion 904 and the lead
body top portion 906. The upper surface of the lead ridge 916 extends from the lead body top side 910 to
the lead tip 918. The lower surface of the lead ridge 916 and the upper surface of the lead ridge 916 can
be below andadsbdorespdexirely 2tivebiedinipudage of thehlsddailgp 8 wxhthe dratveeredggthne of a
portion of theylgag hgey: Reitom side 908 and a plane of a portion of the lead body top side 910. The lead
body bottom portion 904 and the lead body top portion 906 can be above and below, respectively, a plane

of the lead tip 918. It hapHesalissprtednhitiieracksie svtioRtedarisugls erddsHatciviHbad top layer
914 and partiailitithrokigh the isagrired\ciepipédions AQacHedari atiéaatlyerehrzedineant, thkdyele 920 can
be formed thlhOlil rtl the conductive lead top layer 914, the lead body top portion 906, and partially through
the lead body% ttom portion 904. The hole 920 can be formed in the lead body top side 910. For
example, the hole RFaangnewde Hlpaidhhsia insteerinof erehroagfiphlsicalsd forakampienthe

integrated cirgldbpackaging ﬁX&Q%hg%%ﬂdm%dﬁﬁrﬁmn%@Gﬁﬂ@Bﬁ&@ﬁVi&meﬁéé{fﬂgIﬂeoar“m hole,
which is formed partially through the package paddle at a die padd]e area of the %acka e %addle. It
d

has been disEBVETSEHARY tHE TP SHARAHY the N FRIGED T6°HH PIHE RO W86 Tor Rfough the
conductive leacttapdayat Qi faard:partialiyniou gn the flead boady tompoerkian 806 prolhddgsisiducture
integrity without lead pullout and misali n{. erring now.to F|G. 10 in wn a
cros.s.-section‘i’;lljfc\}lllé\R/agS %lﬁlgrst?/os{r%%lfiz)% %?ggk?aifééxéﬁgﬁf rp%%k%?r?&?y%@?ﬁ%&é@%%eﬁ#jlﬁ?rl? embodiment of
the present inventiokheTinte giated Geatioprdleiing depicts W hertioncbidhe lené GfRedhit piopeekaging

system 1009eﬂ5&%&§i%9£ﬁ£%§&!§%ikﬂéﬁlﬁ@ ' ﬁY%%MMQ.C%@&M@%d@n@Im@%&I@%H rto the
integrated circuit packagln%gystem 100 of FIG. 1, excegt for the formation of the lead 122 of FIG. 1.

The integrateP¢HFRRCPRAYIg Sy eadPedorr aATHRA I8 2Prysdheders! bodichogrsvierii welttical

connectivity tohexieinabaystenasn(poitehoyna) addentleadd 602 cap ineludesadead bodcydiaiéaraiportion 1004
and a lead body to rtion 1006 above the le 0 m portion 1004. The Jead body bottom portion
1004 ana e B by oSOk e e o BT el B ion of e
lead 1002, regpéotividly aththédaalidody tyottoni oo nan0od eded: tieed dadyduty rop qedti® AntiG06 can

include a Ieaqjep(pgydpqgﬁgh,gigfoﬁg &RQ:_I?,' oraydop siklsL e respestiyely, opposite the lead body

bottom side 1008. e lead 1002 can include a conductive [ead bottom layer 1012 and a conductive

lead top layer 1014 Wi iptdeichd dtskifical anEbiviErd e iscER/e rsbrsordri g dio12 and the
conductive leag topitayer $Dikh pasvire tosonechiditeetytomthaieacindyikoltadbsidenl@0& angl the lead
body top Sidear:{?? %h%’ crgﬁ(Pu%%t\I/\éq%d top layer 914 can be formed directly on the lead body bottom side
908 and the lead body top side 910, respectively.
The lead 902 can include a lead ridge 916, which is a protrusion of the lead 902. For
illustrative purposes, the lead ridge 916 is shown with a bottom surface and a top surface
having a shape of a curve, although it is understood that the bottom surface and the top
surface of the lead ridge 916 can include any other shapes. The upper surface of the lead
ridge 916 is opposite and above the lower surface of the lead ridge 916.
The lead ridge 916 laterally extends from the lead body bottom portion 904 and the
lead body top portion 906. In other words, the lead ridge 916 includes a bottom portion and a
top portion laterally extending from the lead body bottom portion 904 and the lead body top
portion 906, respectively.
The lower surface of the lead ridge 916 extends from the lead body bottom side 908 to
a lead tip 918, which is an end of the lead ridge 916 facing away from the lead body bottom

portion 904 and the lead body top portion 906. The upper surface of the lead ridge 916
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The lead 1002 can include a lead ridge 1016, which is a protrusion of the lead 1002. For illustrative
purposes, the lead ridge 1016 is shown with a bottom surface and a top surface having a shape of a
curve, although it is understood that the bottom surface and the top surface of the lead ridge 1016 can
include any other shapes. The upper surface of the lead ridge 1016 is opposite and above the lower

surface of theieadsritiga ig1igad bodhwpesrderfti§ea oeddadeialRl dxtEheltofronsiHadeat thodgadottom
portion 1004&@&*@@5|§Iﬁﬂtp@ﬁyﬁ)%?l%ﬁ%@8f19@ﬁ>amr9%@M@Qﬁbéhﬁllﬁ@%&%%@%&ﬂ@sﬂf&g@? a bottom

portion and a top portion laterally extending from the lead body bottom portion 1004 and the lead body top
portion 1006,“?8%??:516{??/8&' The lower surface of the lead ridge 1016 extends from the lead body
bottom side 1008 toradéad tip 1Rnvbhibtrieanagnshebthepleadridgke 10dbbtasibgraxvayde®s the lead

body bottom portion 1004 and the lead body t orti 06, The r.surface of the lead ridge 1016
extonds fromRTBR Hd gt T0 S e o o 101 g e BR R hS e i cige 1016
and the uppethsugfalceody tiee ReadoriR§e ¢o1 Beczhv tseabd|bolosndeabroviecho sprieniveli thirdehsbidptip 1018.
The lead tip 1938 can be between a plane of a portion of the lead body bottom side 1008 and a plane of a

portion of the lead body top side 1010. The lead body bottom portion 1004 and the lead body top portion

1006 can be above B5dB8I307, a5 psbifenole piEhBreA dhrayghiheerductvetend lRRdB0Y tan include a
hole 1020 formegdhratgihthelcandustvedacphation koger k2 lthedead dasyibatiarmpadion 1004, the

lead body to rtion 1006, the conductive.lead top layer 4. Ato ning of the 1020 can
e smallor om0 A Bt g oty RS (T RS PR L ot R B8 B 06 o bl top
side 1010. Thedwidiady hsastbéddreddgdxberdingdrarn B08ottom surface of the conductive lead bottom

layer 1012 to a top $HefagR 9hdha conanRivE 1eRA LR 1RYSTdP4d. 910. TR (83 I00RLCRN dRBlvde a lead
side 1022, which is an inner surface of the lead 1002 that surrounds the hole 1020 defining outer limits of

the hole 1026 MMHEF dBrIL A HIECPA 96 1dHtFBY by e foag*eiaBlaghe inteergigd ¢¥SHISIde 1022

can include nelrKagrizontadisides ahthellerd packa fopialipeidichdadhathesl e parbgidpigpvpaition 1006,
the conductive Jead bottom,layer 1 and the caonductive lead top layer 1014. For illustrative purposes,
the lead side 030t SR i L e S e L Bt e v e 1005 omn
include any other sHiakrssbirveldaingy ereslifve. the 1gagpRiRehafitiietheddadidid 20216 cad e bbligdto a plane of

a surface of thgradikogh LA AR LROAH NG dead LRy foR RATIRR I R the FRBdY clye lead

bottom layer 1012, or the conductive lead top layer 1014. For example, the plane of the lead side 1022

can be obliquR¥H6°8 PIArEstdsLittsHI e d oo udrrlRiNe lead BERERIRERr 1012. Also for example,
the plane of the leag dideinkOZAcarpe. slopadwithsraspach taa plang ailarwiace wirtha leach body bottom
portion 1004, the lead body top portion 1006, conductive lead.bottom Igyer 1012,.or the conductive
ond 109 layel TO1T R o B LV UL ot LA TR ) 6 B RISt an the
hole 1020 withhtherdeasksiaa 02vpiopides sttty itegritgraiithoutletphgaliont systemiselignment.

The integrated circuit packaging system 1000 can be formed in a manner similar to the
integrated circuit packaging system 100 of FIG. 1, except for the formation of the lead 122 of
FIG. 1.

The integrated circuit packaging system 1000 can include a lead 1002, which provides
electrical connectivity to external systems (not shown). The lead 1002 can include a lead
body bottom portion 1004 and a lead body top portion 1006 above the lead body bottom
portion 1004. The lead body bottom portion 1004 and the lead body top portion 1006 are a
lower central portion and an upper central portion of the lead 1002, respectively. The lead
body bottom portion 1004 and the lead body top portion 1006 can include a lead body bottom
side 1008 and a lead body top side 1010, respectively, opposite the lead body bottom side
1008.
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Referring now to FIG. 11, therein is shown a bottom view of a portion of an integrated circuit packaging
system 1100 in a fifth embodiment of the present invention. The integrated circuit packaging system 1100
can be formed in a manner similar to the integrated circuit packaging system 100 of FIG. 1, except for the
formation of the lead 122 of FIG. 1. The integrated circuit packaging system 1100 can include a lead

1102, which providd3eleadridlcsnnedudiy tordkietingl csieen(hoesHoWmdrheorsietive d2¢an include a
conductive legd Rottor lavehidd prwuRich e desRlerticaraOBRRRININ lead Hd@AERY1 107can include

a lead ridge 1116, which is a protrusion of the lead 1102, laterally extending from and surrounding the
conductive 1Y BtERdRE 19200p JNALL GG Rer Fsdisd dHECHbaanrBg&Aq RRAs RIS a square,

although it is L00delisiondlthabtids tepdididgel A kit Geaivanclude any shapes. The lead 1102 can include
holes 1120 formed thro conductive lead botto er 1112, The holes 1120 can rmed
adjacent and within@%gﬁgrm%%/g?npgﬁ%ﬁ%r@ %i(gﬂétt%ﬁ?%é?gbvnvéhcétf&eaIréra(l)gnllnscl)(t){lo(r)n aeyqeeraitll?g.?‘rhe bottom
layer peripherpriRgtiétinesepreantdiariced aiggankH Surfabe wi thelcenkhittivesisidebartbm tiyer 1112.

The holes 1139&@@@@1&?@@{3 t$hg battomilayssrRiPhemddafibabalse hi2fsanhe darmed at

opposite bottom layer sides 1126 of the conductive lead bottom layer 1112. The bottom layer sides 1126

define the bot®Briyes: PetisHess Hdea 1P exainpidesns sie ey 140 eBf Bt Rid ™4t one of the
bottom layer rigtesdkt26 iand @pokieraal e holiesidd20setinds thernad adanather of the bottom layer

sides 1126 opposite.the one. of th ttom layer si 1126. Ear illustrative purposes, the lead 1102 is
shown with two of tiréeﬁoefgsn%%?ﬁ%%ﬁ%uyig f(s{eﬁlr%%eios o%ﬁ lt%agtlfﬂ%eyllgggp?l%(ﬁté%élnﬁggﬂag Iaé{%y number of
the holes 112eadabedyfdeniRestraniv@urpostertivendsldke 1¢aDraige S mplitiea shajtenopertimisphere,

although it is éﬂﬂ%[éﬁoﬁﬁﬁbﬁlﬁﬁ@a‘i@'@% %ﬂ%@%@ﬂ&d?tb%&ﬁ%%n 1084h@s Ig%efgﬂigcovered
that the lead 1102 having the lead ridge 1116 and the holes 1120 formed through the conductive lead

bottom layer 1AW M801HER KA t5BeHEdYity without lead pullout and misalignment. Referring now to
FIG. 12, therein is shawowa Ciasscsectinnzhyieugoi Grs inegmteanciteLit packadiogosy siesn ARO0 taken

along line 12--12 of F]G..13Jn a sixth embodiment of the present invention. The cross-sectional view
Gopicts a porioh SHH AP St el A A s TR R e TR R B ing system
1200 can be bofpadmtemidnhenditilatobtiky inteppreted KlPduipackagingbystentht ddfiELS. 1, except

for the formatigpsQfibRileathldR Rhl Ilg%dyl top side 1010 to the lead tip 1018. The lower surface of the
lead ridge 1016 and the upper surface of the lead ridge 1016 can be below and above,
respectively, the lead tip 1018.

The lead tip 1018 can be between a plane of a portion of the lead body bottom side
1008 and a plane of a portion of the lead body top side 1010. The lead body bottom portion
1004 and the lead body top portion 1006 can be above and below, respectively, a plane of the
lead tip 1018.

The lead 1002 can include a hole 1020 formed through the conductive lead bottom
layer 1012, the lead body bottom portion 1004, the lead body top portion 1006, and the
conductive lead top layer 1014. A top opening of the hole 1020 can be smaller than a bottom
opening of the hole 1020.

The hole 1020 can be formed in the lead body top side 1010. The hole 1020 can be
formed extending from a bottom surface of the conductive lead bottom layer 1012 to a top
surface of the conductive lead top layer 1014.

The lead 1002 can include a lead side 1022, which is an inner surface of the lead 1002
that surrounds the hole 1020 defining outer limits of the hole 1020. In other words, the hole
1020 is bounded by the lead side 1022.
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The integrated circuit packaging system 1200 can include a lead 1202, which provides electrical
connectivity to external systems (not shown). The lead 1202 can include a lead body bottom portion 1204
and a lead body top portion 1206 above the lead body bottom portion 1204. The lead body bottom portion
1204 and the lead body top portion 1206 are a lower central portion and an upper central portion of the
lead 1202, respectivély P eiisal) Bddynbotiods portianizR0d sddstht theddad o Yo isniperti®06 can

include a leadpadyRoftiamige &208.aMchalRRd hrAYiRRSIde k34 JesRealivelyo pPRgRitethe lead body
bottom side 1208. The lead 1202 can include a conductive lead bottom layer 1212 and a conductive

lead top layeFABYUVGHRA frolader dRdrilar dombatte Ry Aases chNderdividadapisba iyl £212 and the
conductive leathitgip sayss, hRAdughrix heviatemeashdinectivedpathe deadX2ody batiah sidela0baed the lead
body top side 1(\;1]1 N resc%(ra\%ively. The lead 1202 can include a lead ridge 1216, which is a protrusion
of the lead 1202. For illustrative purposes, the lead ridge 1216 is shown with a bottom surface and a top
surface having a shapdant afahpieaditlieudRdtdenrddristoe dothal ahe Battorasedhte did tledtop surface

of the lead ri%ﬁ&@%@rﬁéﬂi@@ﬂ!%wg rtéb BRI BdIRREESdfase ol dhedead f&?gﬁlé?ﬁﬁ is opposite
and above the lower surface of the lead riéégle 1216. The lead ridgfe 1216 laterally extends from the

lead body bottoegoRibitisdard ierte e At BodiPicy o s REeI A e iords, e 1€ dge 1216
includes a bottorupastplandod o poriiciiaie ksl ihexteddingdiend tedaachixady bbttamdghiition 1204
and the lead body top,portion 6, respecti . The lower surface of the lead ridge 1216 extends
fom the teact SU) QIO LA T 0 Al o5 A te, ST E B O e At S 115 racing
away from théi¢elzddobely besttiom portion 104 theddnd hedr swdyordippdPion theeenduwsi vpfred surface of

the lead ridge,diglf Igiengmfanhihe igadivodndapside 149 to the lead tip 1218. The lower surface of
the lead ridge 1216 and the upper surface of the lead ridge 1216 can be below and above, respectively,

the lead tip 1218. It hppBeridissveretahal thpdept AR RaXipsdhe Isrdrisisribii rtdeh e B HHER? bottom side
1208 and a plaretef B4aasitdeon @thelead boadyuieprside i 2dithoihre e adibadyndatiem gostion 1204 and the

lead body top porti 206 can be abgve and below, respectively, a plane of the lead tip $218. The
ad 1209 can ol b S RAe o0 oo tiaki che SBtuci 0 R as Ta0eh {0 s ity

through the lézideboely doprpoxibagiinoesienahl iterrdlilte anbodanensof, tieepskatipgdicam Jddormed

through the copdugtiye;lead T%Q&L%Y@g & ihedead RofyHReR Rortion 2 QB @ndAaialeteugh the lead
body bottom portion 1204. The hole 1220 can be formed in the lead bo%@:op side 1210. For example, the

hole 1220 cafifitifuRisagigpriiar 100 qiHd Gedacrees LanmErEmaian ahfs 1serrhee o 228; Wwhich is a

bottom surface, withirettie: pakedlclZQit Packieaek k¥O2neaninchudecauipwes stepod 2ehicwpickhidsa lower

elevated porti?n in or within the hole 1220 and abovg the.inne suﬂgec?e%zg.o;he lead 1202 can include
2

an upper stepe) ﬁgﬁ? whic e%“élr?’ utﬁ)p(ee?tgﬁléz\‘}afgs eﬁ?)srti nr(l)f v%/llnt%‘ivrll] the hole . and %Ibcl)l\]/ceH e fower step

1230. The leadnipgivedrnirzitide thectdE?, stbprll RO dstetdimigarovnitbrsiiniyer surface 1228. The lead
1202 can include the,uRpRY 5i6P La32-Riiending from iHedoWaESIER p&s@sion of MhOlg 1720 can be

bounded by non-horizontal sides of the lower step 1230 and the upper step 1232 in the horizontal

direction. Theéie 3t S HB LY U TRERSNBYE strTdEetio Jgat VB tREr dirkidiont & width of a

portion of theilgealiZ2 Puipatds, binLrdedide nonchoEenhad Sides 0 thrhlOwRsiepiidsfdeamae less than a
width of anott eerlgg)c{triﬁréeo ltpg hole Jlggo thathis bounded by non-horizontal sides of the upper step 1232.

can mclude any shapes.

The lead 1102 can include holes 1120 formed through the conductive lead bottom
layer 1112. The holes 1120 can be formed adjacent and within a bottom layer periphery 1124
of the conductive lead bottom layer 1112. The bottom layer periphery 1124 defines a
boundary of a planar surface of the conductive lead bottom layer 1112.

The holes 1120 can be formed at the bottom layer periphery 1124. The holes 1120
can be formed at opposite bottom layer sides 1126 of the conductive lead bottom layer 1112.

The bottom layer sides 1126 define the bottom layer periphery 1124. For example, one of the

holes 1120 can be formed at one of the bottom layer sides 1126 and another of the holes 1120
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A combined height of the lower step 1230 and the upper step 1232 can be approximately equal to a
height of the lead body top portion 1206. For example, the combined height can include depths of the
lower step 1230 and the upper step 1232. The hole 1220 can include a lower end 1234 and an open
upper end 1236 opposite the lower end 1234. The lower end 1234 and the open upper end 1236 are a
bottom exten¢arkE doumpsértanpthes petmp/edionr eiles1D20. ophesitpdis appel Badarsslryer a top
surface of thg;gangugjive lead top layer 1214. It has been discovered that the lead 1202 having the

lead ridge 1216 and the hole 1220 with the lower ste#? 1230 and the upper step 1232 within thereof

provides structure iREJRYRHEOBTRAE pifsrhh OMISAhgRmEHE tvo g diehiles AdeP18lEREEN 3, therein is

shown a top uiewwidthedodegrated cacuitipackaging sistam dzbler diatead:20220an Mebutle the
conductive Iiﬁ)]d op.layer 1214. The lea 2 can include the lead ridge 1216 laterally extending from
and surtoundi T L S o o AT ok bt e b AL o LR lemd top
layer 1214 andderstheddhdtithe holes 1420 shovnalwiernay shisgiehsibassquare, although it is understood that the

conductive lead topraygryLed 4 dhe Igad ddaed 316:cR1 N IEaA0Y#0aRe$e and theHSRE 1202 can
include the hole 1220 formed at a portion of the conductive lead tot&l)ayer 1214. For illustrative purposes,

the hole 1220 12&ABIMT S Weshtibe pitdis breHerd PRIEVAYEabicp IR et A HItR JBgE s

understood thdililhe kRalephR2 eadhrdfosmaeciat any portion of the conductive lead top layer 1214,

The lead 1202 can g(‘flude anu b%rlaf e h(j)wer steﬁl(}230 formed at opposite sfjdes ?@ th(% Qole 1220
e

and facing one ano er. FOT Ielz?(vglmop , the lead 1202 can Inclide the b%ervsl?% 140 formed at a side of

the hole 122@izgvit andthging frheiowWOsakem 280fdoind2thE2| oWEIGstép 1M 2B0 dh difibawiarait fnother side

of the_hole 12@@&9§éﬂ§if§vgﬁ%<§iderhe cB?J-%EUH&qQPWeRQ flFicd 4 H&?ﬁ%ﬁ‘d? %Q%ﬁa@é@%%féﬁ?ﬁonm view
of an integrated circuit packagl%?@rs stem 1400 in a seventh embodiment of the present invention. The
ti

cross-sectionIFRP Y SHIR OIS HESTATEY BREGSIPACKEGMd YL bramshdidtegrated

circuit packagiagnsysi@inat 40 Qieamigriosmedcintapaeangies Sysidar twohef iMeyraed @ipcutirpdekaging

%eqéggﬁige();%@a ion of the lead 122 of FIG. 1. The integrated circuit
ude '

system 100 qfolr:rrllcé;t' 1, %x[ €
packaging system PAd0 can‘inc a lead 1402, which provides electrical connectivity to external

systems (not showmhTinée fsaiddid@Ricperkaglogeyatdent?bddgnbotiods pbraibh29204hardbeptadat body top
portion 1406 gbqvein&iseaiRrgyPetiompaytiemd 484 -shhedeagiRody Posipm portiaRal 40%and the lead

body top portion 1406 are a lower central portion and an upper central portion of the lead 1402,

respectively. 09 [RAPBoRRI SO haRtloh 112tb Bod SR P REURPOEEY 19 Yortib e 8 BahoiiRide a lead
body bottom pigeoh4i084antha lead vaasyhtop:sigerddil 020¢ spe clivedyd oppesie fheitaa tody hottom side

1408. lower central portion and an upper central portion of the lead 1202, respectively. The lead
body bottom portion 1204 and the lead body top portion 1206 can include a lead body bottom
side 1208 and a lead body top side 1210, respectively, opposite the lead body bottom side
1208.

The lead 1202 can include a conductive lead bottom layer 1212 and a conductive lead
top layer 1214, which provide electrical connectivity. The conductive lead bottom layer 1212
and the conductive lead top layer 1214 can be formed directly on the lead body bottom side
1208 and the lead body top side 1210, respectively.

The lead 1202 can include a lead ridge 1216, which is a protrusion of the lead 1202.
For illustrative purposes, the lead ridge 1216 is shown with a bottom surface and a top
surface having a shape of a curve, although it is understood that the bottom surface and the

top surface of the lead ridge 1216 can include any other shapes. The upper surface of the

lead ridge 1216 is opposite and above the lower surface of the lead ridge 1216.
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The lead 1402 can include a conductive lead bottom layer 1412 and a conductive lead top layer 1414,
which provide electrical connectivity. The conductive lead bottom layer 1412 and the conductive lead top
layer 1414 can be formed directly on the lead body bottom side 1408 and the lead body top side 1410,

respectively. The lead 1402 can include a lead ridge 1416, which is a protrusion of the lead 1402. For
illustrative purposeshthiesdanigribll 4 drerid sphoandwitnathoteambsdyrhedoanebsitopl Sltfarethaving a

shape of a cypyg.RIPeHIRJLisHnstRIstRPGbathasbaitom syidace AndiibrdaPshsiage fiithe lead ridge
1416 can include any other shapes. The upper surface of the lead ridge 1416 is opposite and above the

lower surfacé'®f thi¥ PB4 extenging fkart fglsatsaeaboran) estiayd Herthdfelsabody bottom
portion 1404 ity the peatbibodgotapspartiaiy1406. In other words, the lead ridge 1416 includes a bottom
portion and a top partion laterally extending from t ad bady botto tiqgn 1404 an ead body top
poriion 1406, resperlua e e s e TR R o R T oy
bottom side 1408 ¢addiRpaddlfp 1hitB indictndsdrihendadfidec|d ddoridgad avayfacimganasdfrody the lead

body bottom partienddds anshther '@@%Q@@Méﬁ%ﬁ%@iﬁ&%@: e WhRetawiace m@tiagdl%ger idge 1416
extends from the lead body top side 1410 to the lead tip 1418. The lower surface of the lead ridge 1416

and the uppet SR ST ivaEKd T feda DB tdn e bade kit Uhovk rddpéeniveny it Ridbetip 1418.
The lead tip 1<itBroae e liehneehcauplanawtadortitn ofdneitRadlDodybhotoneside hdOHang a plane of a
portion of the lead bo %nglgggqilﬂﬁ)gfhe lead body bottom portion 1404 and the lead body top portion

1406 can be ab ei%lgien elow, ré)spectwely, a plane of the lead tip 1418. The lead 1402 can include a

hole 1420 formed tHfesulgaditie dahdigenks ketddsottoprigyer a Adariothel [dadded dpdotiotamperdon 1404, the
lead body top ptiaa 4408 3pd HB&iSQ%@%%W&&%Q}QQ%@M%H%M ThRgRPIR 4RO GaNRBRifprmed

extending from a bottom surface of the conductive lead bottom layer 1412 to a top surface of the
conductive lek o daherord pady P RETETAZILEHDE 1Bt hPHeNeHaPsod bo SigBedTlE  The
lead 1402 carinclpdei®.lower step 1430, which is a lower elevated portion, in or within the hole 1420 and

above the lead body,bottom sjde 1408. The lead can include an u step 14 hich is an upper
elevated portion, wiﬁ%llenlt aén fl%l% i%jzldlcalllrl\ élbﬁo%/ee %%4@%%%1'@ Ce{,]t%ﬁo %}ég.e Qgﬁﬁcélrega%aﬁ%é\i%eﬁ include a
number of theédbhardstertidzd fargh sk dewppuisitersivasoof H hbian 4rgratdaibedonaatisther. For

example, theygrd, 3402 £ABJNeda hednehstemda3Rdaenetatdside i thehelg 1449 gpd another of
the lower step 1430 facing the lower step 1430 and formed at another side of the hole 1420 opposite the

side.  TheP¥HQM RS- Reciisde Diausidle Brtheeth B Srepriirs2! fimddh dppoditesibes of the hole
1420 and facfogreaenanetbal bbay epandple? the Foneki4pR aan hotludedbenupgedsiepep43 formed at a

side of the hole 142() and er of.th er. step 1432 facigg the upper step 1432 and formed at
S orher ot the Tt R P e e e e SR s
extending frotiethelée i2PBodihibdtishn Adecas 48: Tdreddar L A0 3 inothid e Upper steyated32

extending fropy i, IQWeF SR RChdel 9B B AIRCEBIENGLURREF SiRR-L433defiResadresiongf the lead
body top side 1410. o , o
include an upper step 1232, which is an upper elevated portion, within the hole 1220 and

above the lower step 1230. The lead 1202 can include the lower step 1230 extending from
the inner surface 1228. The lead 1202 can include the upper step 1232 extending from the
lower step 1230.

The hole 1220 can be bounded by non-horizontal sides of the lower step 1230 and the
upper step 1232 in the horizontal direction. The hole 1220 can be bounded by the inner
surface 1228 in the vertical direction. A width of a portion of the hole 1220 that is bounded
by non-horizontal sides of the lower step 1230 can be less than a width of another portion of

the hole 1220 that is bounded by non-horizontal sides of the upper step 1232.
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The hole 1420 can be bounded by non-horizontal sides of the conductive lead bottom layer 1412, the
conductive lead top layer 1414, the lower step 1430, and the upper step 1432 in the horizontal direction.
A width of a portion of the hole 1420 that is bounded by non-horizontal sides of the lower step 1430 can
be less than a width of another portion of the hole 1420 that is bounded by non-horizontal sides of the

upper step 1432. A Atehgimdofihghtispethstdpwid3stapan B aporoRimenety etfwalliBPa lkeigheof the lead
body top portigprd4RGThefaio af thekopeksiard4R2is defingdas pelistange dqmpa IQResurface of

the lower step 1430 to a top surface of the upper step 1432. For example, the height of the upper step
1432 can inchfd Dbl i daphs1u4e Rk fipreladfanet treURBG Bt this-upper step 1432 can
be approximately equalhigeal p2otiathyindnieeid partiod 1aBtheieaddtemep3tZod F1G padthetdeadirame top

surface 306 of FIG, 3. Fyrther, for exam e partially removed partjon can include a half-etched
ocess TR o o D e R R opposice the
open lower et $484L THeesperiioviéhale1 P34. ahbethec b pepeuppbl Btdsi 36 arsusfissttdiextent and a
top extent, resRRGHIMEY Q4 {Bglgg@ 440. The open lower end 1434 and the open upper end 1436 are at

a bottom surface of the conductive lead bottom layer 1412 and a top surface of the conductive lead top
layer 1414, respecthy8fs. been disqarerddhalibedeatddihbiting fhalf haoitiehe 1ot 1416 and
the hole 142Gvwfitihthieaweksteln1 430 dadppe veparstepildszhwitbinihdieokpiovitdemsiitigture integrity
without lead %LH out ng rmfali nment. Referring now to FIG. 15, therein is shown a cross-sectional

. ) li t. . . . . .
view of an |ntegr§Fe Cirlli Opl)lacﬂaallhsé &/stem 1500 in an eighth embodiment of the present invention.

The integrated circliefsadkaging $9stdn 1500heramnbis fehomadariep mmwnerf shailaferyake itegtated circuit

packaging SY, a@g%%‘?ss?itgdﬁzﬂ)o.e)ﬁﬁ%igr@@?@Rﬁ%&ﬁ&@%&%ﬁ&ﬂ%%&ﬂﬂﬂ% daYefs. &f‘ﬁ%th?
formation of the electrical connector 154 of FIG. 1 and the encapsulation 156 of FIG.1.  The integrated

circuit packadit $y&tefam Bt daihndidedssalkiQ dapseibies s raling £phadre wsienBiom portion
1504 and a paddie thady 10 popaestien 2 506Fdhidpaddie pagydbatipatpatiiaid A4 @pdaire pmEddle body top
portion 1506 can include. body bottom side 1508 and a paddle body top side respectively.
e package e o0 e D S SRR B TR S St top
layer 1514, asrhdupadalenddyelays1 624 dvimdythedemititisl gip 1254 8a e lpdckagehpreddle 1502 can be formed

in a manner similar{adhe, p3skagePadiie: 102 1EIG2d formed 38 NPEIRRH GlECWhRREKAJING System
1500 can include a lead 1522 having a lead body bottom ﬁ)ortlon 1524 and a lead body top portion 1526.

The lead bod{?HERSM pbttidiP1EPAAHUCRRRSEH HBEY ¢8p poaftits s AP FRERIRO S8 dy bottom
side 1528 anecbadean drdy iopiside L530akespectivelyhderstood that the hole 1220 can be formed at

any portion of the conductive lead top layer 1214.

The lead 1202 can include a number of the lower step 1230 formed at opposite sides
of the hole 1220 and facing one another. For example, the lead 1202 can include the lower
step 1230 formed at a side of the hole 1220 and another of the lower step 1230 facing the
lower step 1230 and formed at another side of the hole 1220 opposite the side.

Referring now to FIG. 14, therein is shown a cross-sectional view of an integrated
circuit packaging system 1400 in a seventh embodiment of the present invention. The cross-
sectional view depicts a portion of the integrated circuit packaging system 1400. The
integrated circuit packaging system 1400 can be formed in a manner similar to the integrated
circuit packaging system 100 of FIG. 1, except for the formation of the lead 122 of FIG. 1.

The integrated circuit packaging system 1400 can include a lead 1402, which provides
electrical connectivity to external systems (not shown). The lead 1402 can include a lead
body bottom portion 1404 and a lead body top portion 1406 above the lead body bottom
portion 1404. The lead body bottom portion 1404 and the lead body top portion 1406 are a

21



The lead 1522 can include a conductive lead bottom layer 1532 and a conductive lead top layer 1534.
The lead 1522 can include a lead ridge 1536 having a lead tip 1538. The lead 1522 can include a hole
1540. The lead 1522 can be formed in a manner similar to the lead 122 of FIG. 1. The integrated
circuit packaging system 1500 can include a passivation layer 1542, such as a base fill layer 1542, which
protects the doweluetiveabpeidien tais|ayappgicentre patdieaidbe 1¢81 64Reremsdivtlve IBxdlcap layer 1534,
and the lead 3034 fameaatamidaliondheRassivelien iriR dr 4w Rigciicallvdasulates the package
paddle 1502 and the lead 1522. The passivation layer 1542 can be filled within the hole 1540. The
passivation &} 8284 4 L9 RdEdB T8eer onsrnsshytaraR ofhhdrd AaeRALYAdHE top layer
1514, a top swtece of the paddle ridge 1516, a non-horizontal side of the conductive lead top layer 1534,
and a top surface of the lead ridge 1536. The passivation layer 15 an pe applied between surfaces
o the pacidle ridge LEa i e an e e e R o R e 1636
and the condigetiveciekld topheferrewda cipheigrd seivigiomitay dha sarleciiy bleashplitdnderwelé Surfaces of

the lead ridge,Ab36 mm&@qwﬁ;&ﬁ#@@mmc@m o34 pmskstyfasenat anaibehefdnedaad ridge 1536

and another of the conductive lead top layer 1534 of another of the lead 1522. For illustrative
purposes, a HORBATDHSsIAdiB % iRRatideorHE 58RI layer 1542 is shown with a concave shape,
although it is undergteo dhattrechotiedeaskivaiidaesufiace ban Be: fomedonith aeyaldapes.including
convex, concave,. any other curves, or flat. For ex le, the passiyatign layer 1542 can be formed with
the bottor b e S e s T 10 Ty S A B e B0 ARSB0r exampte,
the passivationrfagehasap acenpseoforrmetionidithapgthiersomdresisodohatphs divtviorswilirfecmbéroveen the

!ead ridge 15%9 _@ﬁl@_a@@%ﬁ% @éé@%@é%@@a&%ade anyGuiefegrated %@%ﬁ@%@o‘fﬁ?m 1500 can
include a redistribution layer 1544 (RDL) formed directly on the conductive paddle top layer 1514, the

conductive le58ctBAgaya A E2RPRTEGREIhaYD M tApEh s Bcs 5 tBe MpditEs HEreof. The redistribution
layer 1544 is an eleThdaadly canrduativatayey thanis cannectesdodde packagerpas di®dbPiHhe lead

1522, a CO””%%OE’ E\?;? ?gf%o%‘ l'ﬁ‘na '%6‘6?“%%%&%?&88'%@kfé‘atéf’r” gé’ T4 i‘h‘é%ﬁ & .%ebﬁ%%ego‘ﬁ%ﬁ an
electrically conduCtive material with & patteming process. e integrated circuit packaging system

1500 can inchrdeagnrapeitidyerasasandizhinmpghatéd dipedit 1S48hpnving ddidaoidvidsidad1550 and an

active side 1934y qbe%mgqmgfegf&gm the integrated circuit 1548 can be formed in a manner similar
to the attach layer 146 of FIG. 1 and the integrated circuit 148 of FIG. 1, respectively.  The integrated

circuit packaging sySIEATEONERGS fidhdediidss it tERkEEtsR tsaerdhrbhbodamelts iHQintegrated
circuit 1548 and thed &gistigutanclayeinl bddt ol he alectfical conneating b5b4 camhieconmestsd directly to

the active side 1552 and t distribution layer 1544..Th ical connector 1554 can be electrically
connected 1o TP ARG P Bt et A0t R e o, B
connector 155416 extdide fetwetticad asbbriboiar sidbiHdAmosbedomhaptet] dlirdbtyowea pefdphefdhportion of the

integrated cirguif 1548 a4 fhe,actiKe SR lapR.d e itewalagicirou packagingsystam HRAR can include

a number of the electrical connector 1554 electrically connected to a number of the lead 1522. The
integrated cirtiRTpEERE oIyt 4500 can include an encapsulation 1556, such as a top fill layer 1556,
which covers a semiseneiictyr paskagebtomseatalecplical seyisas @ ovidiagraeshnisabanddenvironmental

protection. The gncapsiation 1996 ean pe faumed gver the,conghiciye pagil (R ayendgid: the
conductive lead top layer 1534, and the passivation fayer 1542.
1404 and the lead body top portion 1406 can be above and below, respectively, a plane of the
lead tip 1418.
The lead 1402 can include a hole 1420 formed through the conductive lead bottom
layer 1412, the lead body bottom portion 1404, the lead body top portion 1406, and the
conductive lead top layer 1414. The hole 1420 can be formed extending from a bottom

surface of the conductive lead bottom layer 1412 to a top surface of the conductive lead top

layer 1414. The hole 1420 can be formed in the lead body top side 1410.
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The encapsulation 1556 can cover the conductive paddle top layer 1514, the conductive lead top layer
1534, the passivation layer 1542, the redistribution layer 1544, the attach layer 1546, the integrated circuit
1548, and the electrical connector 1554. The encapsulation 1556 can partially expose the package
paddle 1502, the lead 1522, and the passivation layer 1542. The encapsulation 1556 can expose a
bottom surface of tHdpaddidAid geniBalederelenpitienvé Paddisibotidamede vEsIpatisottonsurface of
the lead ridge,4Ri36nthe, roneciivedead hetiem bhesé aBd pbottem fufaasof thepagsivation layer

1542. A plane of a portion of a bottom surface ot the passivation layer 1542 within the hole 1540 can
be coplanar WRHRPPISHE f L pBRtich 58 BoRESH a4 BIMhe it vId4d bittbhasg dic1532. A
plane of a poldioer efeg tapisurface of the passivation layer 1542 within the hole 1540 can be coplanar with
a plane of a portionQf g to ace of the conductive.lead top layer. . A plane.of a portion of a
fop surtace of the phL A st A5 St e deser e et A YR RS con be
coplanar withoh thrakrdcof 29 e ot e satiste Iofrtrasotd tetileade k) 2o nayeinds 8. lavsiane of a

portion of a tQR syifase.ahthe.passivaliondavss 1esrhetwreanthe igadhie2andanathalohthe lead 1522
can be coplanar with a plane of a portion of a top surface of the conductive lead top layer 1534. It has

been discovef¥FtsiPihefbarf {8maeh 4t g thss sids @G dols 3620 AprAtthdie 1990 filled with the
passivation layer 154« pravides siilticiiddnieghiyewsthoutgad pelaub2nc-ndsaliopposint.sidesReferring

g fwshanala method 150g ot manuacure of e ieggated circui

now to FIG. 16, therein | 0
packaging sy% é%ﬁqi(?)% }r%%%?ﬁ%er embodiment of the present inventi he metho includes:

forming a packagttpadeiiedd at blotk P60 folmidghdeddratjecehtithenpatkiagel paddleinthértead having a

hole i”_ a |ea%9§@két%01§i§ieaﬁ’@?oﬁﬂ€@9t ﬁ%ﬁ&%@&@@%ﬂ@l@l@ri@%ﬁ Héhﬁ’é@@@@ side in a b_|00k 1604,
mounting an integrated circuit over the package paddle in a block 1606; connecting an electrical

connector to the leat!aid¢ne HRieyrdrstr it iy e BisRk oosirtolivmya KrdRndy Rfthe hole in a
block 1610. side TiregreStHtingametbodaprocass, dpppiaiuseplaute e prodigt, fasia ok ysiantis

straightforwa ost-effective, upcomplicated, hi versatile and effective, can be surprisjngly and
Cnobviously T e b PR eT r aa rAe  HEnG  S  enty ana
economically manufidstbelegl #e gratesdboiradid parokeghogizsys ek sde sl oo papdiitil sevidti boriventional

manufacturing yuefiesis iy RIRERESE SN IPLHBOIAIE She 10wePARLTARIPSRRRLAIPELL ) the present

invention is that it valuably supports and services the historical trend of reducing costs, simplifying

systems, andinfBfebirgnid fisriite A Widihake Ao haialpid 3 partd st dyertinvention
consequentyhbirtbethrisiataief heteappisgydo it ilsasiihe nakhlevalother Phile bratiswention has

been describ?&iz'w h:on' r})cti n with a ﬁpecific altiesiimo it is to Fe Y rstood that many alternatives,

| des 1 ! > the % . .
modifications, anc} vanations wi %ngp())grzé)ﬁ{ ose skillédin°the artin light of the aforegoing

description. Accordifdiyightiofinbendedrtoranidrdcernlbs wphratiornativesiahwdifiesitbnef thedezdriations that
fall within the,3GoREQfHie iNcibslegelaims: Hfl Matiprs Hithereiqiaiseidodh i Orshpyain the

accompanying drawings are to be interpreted in an illustrative and non-limiting sense.
surface of the lower step 1430 to a top surface of the upper step 1432.

For example, the height of the upper step 1432 can include a depth of the upper step
1432. Also for example, the height of the upper step 1432 can be approximately equal to a
partially removed portion of the leadframe 302 of FIG. 3 at the leadframe top surface 306 of
FIG. 3. Further, for example, the partially removed portion can include a half-etched recess.

The hole 1420 can include an open lower end 1434 and an open upper end 1436
opposite the open lower end 1434. The open lower end 1434 and the open upper end 1436
are a bottom extent and a top extent, respectively, of the hole 1420. The open lower end
1434 and the open upper end 1436 are at a bottom surface of the conductive lead bottom

layer 1412 and a top surface of the conductive lead top layer 1414, respectively.
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What is claimed is:

1. A method of manufacture of an integrated circuit packaging system comprising:

forming a package paddle; forming a lead adjacent the package paddle, the lead having a hole in a lead
body top side and a lead ridge protruding from a lead non-horizontal side; mounting an integrated circuit
over the package paddle; connecting an electrical connector to the lead and the integrated circuit; and

forming a fill layer within bhenisiteoveredthyribenirathbtDadaitigibe lridadge 14merdimédiortingibe lead

includes formjng iRe IsaE-RRYNAR gga@wuyse topstayemhwithelss ﬁﬁlﬁzlﬂ%‘é‘ retEaOhegrig- The
method as claimed in claim 1 wherein forming the fill layer includes forming the fill layer coplanar with a

conductive 1e%8981H5AT RO REH eisalignment.

Referring now to FIG. 15, therein is shown a cross-sectional view of an integrated

circuit packaging system 1500 in an eighth embodiment of the present invention. The

integrated circuit packaging system 1500 can be formed in a manner similar to the integrated

circuit packaging system 100 of FIG. 1, except for additions of insulation and conductive

layers and the formation of the electrical connector 154 of FIG. 1 and the encapsulation 156

of FIG.1.

The integrated circuit packaging system 1500 can include a package paddle 1502

having a paddle body bottom portion 1504 and a paddle body top portion 1506. The paddle

body bottom portion 1504 and the paddle body top portion 1506 can include a paddle body

bottom side 1508 and a paddle body top side 1510, respectively.

The package paddle 1502 can include a conductive paddle bottom layer 1512, a

conductive paddle top layer 1514, and a paddle ridge 1516 having a paddle tip 1518. The

package paddle 1502 can be formed in a manner similar to the package paddle 102 of FIG. 1.

The integrated circuit packaging system 1500 can include a lead 1522 having a lead

body bottom portion 1524 and a lead body top portion 1526. The lead body bottom portion

1524 and the lead body top portion 1526 can include a lead body bottom side 1528 and a lead

body top side 1530, respectively.

The lead 1522 can include a conductive lead bottom layer 1532 and a conductive lead

top layer 1534. The lead 1522 can include a lead ridge 1536 having a lead tip 1538. The lead

1522 can include a hole 1540. The lead 1522 can be formed in a manner similar to the lead

122 of FIG. 1.

The integrated circuit packaging system 1500 can include a passivation layer 1542,

such as a base fill layer 1542, which protects the conductive paddle top layer 1514, the paddle

ridge 1516, the conductive lead top layer 1534, and the lead ridge 1536 from contamination.

The passivation layer 1542 electrically insulates the package paddle 1502 and the lead 1522.

The passivation layer 1542 can be filled within the hole 1540. The passivation layer

1542 can be formed to cover a non-horizontal side of the conductive paddle top layer 1514, a

top surface of the paddle ridge 1516, a non-horizontal side of the conductive lead top layer

1534, and a top surface of the lead ridge 1536.
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4. The method as claimed in claim 1 wherein forming the package paddle includes forming the package
paddle having a paddle recess with the integrated circuit mounted within the paddle recess. 5. The
method as claimed in claim 1 wherein forming the lead includes forming the lead having a conductive lead
bottom layer and the hole at a bottom layer periphery of the conductive lead bottom layer. 6. A

method of manufactiherstarairtedretedddiaan paerplgd deysrmywtersriditig: feddmddaepbdikage paddle;
forming a |e%§%%9ﬁ&h&lp@%@fe R@E%@f&h%'ﬁﬁqlﬂa&h@ﬁ&sh@ﬁﬁé adepdipdyap sidegand a lead

ridge protruding from a lead non-horizontal side; attaching an attach layer to the package paddle;
mounting an TTSYFENEHIAFOR GVEF Hé‘ba%@%sﬁﬁﬁw% IR {Réxtradhy BRRlied pabkRsy tsﬂ)‘rﬁ*}%eﬁwtegrated
circuit; connedttithg aacalekgmw&@aﬁme(etobﬁddhezéelaﬁhanﬁ her nﬁe&graﬁedmﬁmﬁ ofnddihemaigha fill layer

within the holg §‘.ﬁs aH%th&Qh%%’%hE“&%&” SAMLWRGISD 195109 B L iyesdngitdss forming a
passivation Iayer Wl%ﬁl
For illustrative purposes, a bottom passivation surface of the passivation layer 1542 is

shown with a concave shape, although it is understood that the bottom passivation surface
can be formed with any shapes including convex, concave, any other curves, or flat. For
example, the passivation layer 1542 can be formed with the bottom passivation surface
between the paddle ridge 1516 and the lead ridge 1536. Also for example, the passivation
layer 1542 can be formed with another of the bottom passivation surface between the lead
ridge 1536 and another of the lead ridge 1536.

The integrated circuit packaging system 1500 can include a redistribution layer 1544
(RDL) formed directly on the conductive paddle top layer 1514, the conductive lead top layer
1534, the passivation layer 1542, or a combination thereof. The redistribution layer 1544 is
an electrically conductive layer that is connected to the package paddle 1502, the lead 1522, a
connector, or a combination thereof. The redistribution layer 1544 can be formed with an
electrically conductive material with a patterning process.

The integrated circuit packaging system 1500 can include an attach layer 1546 and an
integrated circuit 1548 having an inactive side 1550 and an active side 1552. The attach layer
1546 and the integrated circuit 1548 can be formed in a manner similar to the attach layer 146
of FIG. 1 and the integrated circuit 148 of FIG. 1, respectively.

The integrated circuit packaging system 1500 can include an electrical connector
1554, which connects the integrated circuit 1548 and the redistribution layer 1544. The
electrical connector 1554 can be connected directly to the active side 1552 and the
redistribution layer 1544. The electrical connector 1554 can be electrically connected to the
package paddle 1502, the lead 1522, or a combination thereof with the electrical connector
1554.

The electrical connector 1554 can be connected directly to a peripheral portion of the
integrated circuit 1548 at the active side 1552. The integrated circuit packaging system 1500
can include a number of the electrical connector 1554 electrically connected to a number of

the lead 1522.
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8. The method as claimed in claim 6 wherein forming the lead includes forming the lead having a lower
step in the hole and an inner surface at a lower end of the hole. 9. The method as claimed in claim 6
wherein forming the lead includes forming the lead having a lower step in the hole and an open lower end
of the hole. 10. The method as claimed in claim 6 wherein forming the lead includes forming the lead
having a top openinthefitasibosieitlerckaaing Hoteon YPksimydptdeauheisapsulatipn ApShegphated circuit
packaging system$PRPISIAg| Sspackage Rredle; @laashagh ihedParkage raddlg. dbadead having a

hole in a lead body top side and a lead ridge protruding from a lead non-horizontal side; an integrated

circuit over tHEPHERa G iRt 4 eldieriarHahReLs %nﬁﬁ%@ﬂ%@?ﬁg?@a@%ﬁaﬁ@im@ﬂted circuit;
and a fill layeswithiia thedeléve paddle Thie laysternlds tlaitoadudictaimd lopheyain 3¢, laad theludes a
conductive Ielgaoslstlggﬁlgl}/?ary \é\flflfg )@e hole therethrough.

The encapsulation 1556 can cover the conductive paddle top layer 1514, the
conductive lead top layer 1534, the passivation layer 1542, the redistribution layer 1544, the
attach layer 1546, the integrated circuit 1548, and the electrical connector 1554. The
encapsulation 1556 can partially expose the package paddle 1502, the lead 1522, and the
passivation layer 1542. The encapsulation 1556 can expose a bottom surface of the paddle
ridge 1516, the conductive paddle bottom layer 1512, a bottom surface of the lead ridge 1536,
the conductive lead bottom layer 1532, and a bottom surface of the passivation layer 1542.

A plane of a portion of a bottom surface of the passivation layer 1542 within the hole
1540 can be coplanar with a plane of a portion of a bottom surface of the conductive lead
bottom layer 1532. A plane of a portion of a top surface of the passivation layer 1542 within
the hole 1540 can be coplanar with a plane of a portion of a top surface of the conductive lead
top layer 1534.

A plane of a portion of a top surface of the passivation layer 1542 between the
package paddle 1502 and the lead 1522 can be coplanar with a plane of a portion of a top
surface of the conductive lead top layer 1534. A plane of a portion of a top surface of the
passivation layer 1542 between the lead 1522 and another of the lead 1522 can be coplanar
with a plane of a portion of a top surface of the conductive lead top layer 1534.

It has been discovered that the lead 1522 having the lead ridge 1536 and the hole 1540
filled with the passivation layer 1542 provides structure integrity without lead pullout and
misalignment.

Referring now to FIG. 16, therein is shown a flow chart of a method 1600 of
manufacture of the integrated circuit packaging system 100 in a further embodiment of the
present invention. The method 1600 includes: forming a package paddle in a block 1602;
forming a lead adjacent the package paddle, the lead having a hole in a lead body top side and
a lead ridge protruding from a lead non-horizontal side in a block 1604; mounting an
integrated circuit over the package paddle in a block 1606; connecting an electrical connector
to the lead and the integrated circuit in a block 1608; and forming a fill layer within the hole
in a block 1610.
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13. The system as claimed in claim 11 wherein the fill layer is coplanar with a conductive lead bottom
layer of the lead. 14. The system as claimed in claim 11 wherein the package paddle includes a
paddle recess with the integrated circuit mounted within the paddle recess. 15. The system as
claimed in claim 11 wherein the lead includes a conductive lead bottom layer and the hole at a bottom
layer periphery of thé¢oredulétige leeiiddottdiortayeapparal e, T isyst@mdstclairdéd inystaim B1 further

comprising: a-agRehHayer alached fodhenaskagapaddishand whaieinmiheiniegrated irgyit over the
package paddle with the attach layer attached to the integrated circuit. 17. The system as claimed in
Claim 16 whetSRTHEEH) 189 E s DAL VERPYVEY BB SIS (et BIpEsSy s Bimed in
claim 16 wherteitiitheulead finclitieismljoiver siepinithityhataaiachain innecsudaceratiagmuesiend of the
hole. 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
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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19. The system as claimed in claim 16 wherein the lead includes a lower step in the hole and an open
lower end of the hole. 20. The system as claimed in claim 16 wherein the lead includes a top opening
of the hole smaller than a bottom opening of the hole.

What is claimed is:

1. A method of manufacture of an integrated circuit packaging system
comprising:
forming a package paddle;
forming a lead adjacent the package paddle, the lead having a hole in a lead body top
side and a lead ridge protruding from a lead non-horizontal side;
mounting an integrated circuit over the package paddle;
connecting an electrical connector to the lead and the integrated circuit; and

forming a fill layer within the hole.

2. The method as claimed in claim 1 wherein forming the lead includes forming

the lead having a conductive lead top layer with the hole therethrough.

3. The method as claimed in claim 1 wherein forming the fill layer includes

forming the fill layer coplanar with a conductive lead bottom layer of the lead.

4. The method as claimed in claim 1 wherein forming the package paddle
includes forming the package paddle having a paddle recess with the integrated circuit

mounted within the paddle recess.

5. The method as claimed in claim 1 wherein forming the lead includes forming
the lead having a conductive lead bottom layer and the hole at a bottom layer periphery of the

conductive lead bottom layer.

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

forming a package paddle;

forming a lead adjacent the package paddle, the lead having a hole in a lead body top
side and a lead ridge protruding from a lead non-horizontal side;

attaching an attach layer to the package paddle;

mounting an integrated circuit over the package paddle with the attach layer attached
to the integrated circuit;

connecting an electrical connector to the lead and the integrated circuit; and

forming a fill layer within the hole.

7. The method as claimed in claim 6 wherein forming the fill layer includes

forming a passivation layer within the hole.
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8. The method as claimed in claim 6 wherein forming the lead includes forming

the lead having a lower step in the hole and an inner surface at a lower end of the hole.

9. The method as claimed in claim 6 wherein forming the lead includes forming

the lead having a lower step in the hole and an open lower end of the hole.

10. The method as claimed in claim 6 wherein forming the lead includes forming

the lead having a top opening of the hole smaller than a bottom opening of the hole.

11. An integrated circuit packaging system comprising:

a package paddle;

a lead adjacent the package paddle, the lead having a hole in a lead body top side and
a lead ridge protruding from a lead non-horizontal side;

an integrated circuit over the package paddle;

an electrical connector connected to the lead and the integrated circuit; and

a fill layer within the hole.

12. The system as claimed in claim 11 wherein the lead includes a conductive lead

top layer with the hole therethrough.

13. The system as claimed in claim 11 wherein the fill layer is coplanar with a

conductive lead bottom layer of the lead.

14. The system as claimed in claim 11 wherein the package paddle includes a

paddle recess with the integrated circuit mounted within the paddle recess.

15. The system as claimed in claim 11 wherein the lead includes a conductive lead

bottom layer and the hole at a bottom layer periphery of the conductive lead bottom layer.

16. The system as claimed in claim 11 further comprising:
an attach layer attached to the package paddle; and
wherein:
the integrated circuit over the package paddle with the attach layer attached to the

integrated circuit.

17. The system as claimed in claim 16 wherein the fill layer is a passivation layer

within the hole.

18. The system as claimed in claim 16 wherein the lead includes a lower step in

the hole and an inner surface at a lower end of the hole.
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19. The system as claimed in claim 16 wherein the lead includes a lower step in

the hole and an open lower end of the hole.

20. The system as claimed in claim 16 wherein the lead includes a top opening of

the hole smaller than a bottom opening of the hole.
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