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[ 1] ThIS patent application relates generally to
integrated circuit (1C p technol ogy and, in
particul ar, but not by vvay%l:%?n tation, to |eadless

| C packages having high density contacts and rel ated
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in the fabrication of IC. devices. During IC

packagi ng, oneHIGHBENSITYSCONTAQTS on a

package substrate, connected to electrical contacts,

angrEl PGPS ﬂJIN\t,]aNal}@gcapsul ation materi al

comMprrsrng ar et ect nsul ator such as epoxy or
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to ot her eIectchaI conponen

pagkange fightdesityCednbics dndl reramal rﬁétﬁ&a@ ANERetafy, the
encapsul atl on ‘material, while the electrical contacts

ar B@cm@nsumrmarﬂmm%ml@wthat they can_ be
connected to other ectri ca corrponents I n ot her

WOr dg patigi i€ hé bﬂﬁh'e ThAN$ A Sn il Fed 1?1@1% bAoA Jf QC rHewces
el ectrical connections between the I1C chip insid

pabiusige 1@ peckaginpC bhé SomofATRMH e ndub el & ﬂh@kdg@ substrate
package.-Otentines, using a netal |eadfrane (LF) to

f oconneated toéletthieall cﬁnmamkaghhamyom with an encips@hfi@Cinbatetial

than using a | am nated board or tape materi al

beeempmsing an elextzinpll insulator sich @s ep@fyf @cilicnee malding abmpound. The
may be used, such as copper, nickel, or other netals

or TesRifing sERgtages commanlydeoym as gt 1rneckagel snaythgn be mownted onto
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connected to other electrical components. In other words, the electrical contacts are

designed to form electrical connections between the IC chip ins@de'the package and
electrical components outside the IC package.-Oftentimes, using a metal leadframe
(LF) to form part of the IC package may be more cost effective than using a lémjnated
board or tape material because, for example, more cost effective materials may be
used, such as copper, nickel, or other metals of fnetal alloys, and use of such materials
may allow more cost effective manufacturing procésses to be employed, such as
stamping or etching rather than multi-step laminate processes. One of the most
common designs for these electrical contacts is one in which they form “leads”
extendihg out from the sides of the encapsulating material. The leads typically are bent

downward to form connections with electrical components on a PCB.
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[l 1111 *000002* Date of receipt: 12 June 2009

(12.06.2009) PCT/ CN2009/ 072030 [4] Otentinmes, the

presence of external |eads tends to significantly

| NCRRABMES heShré&enld of &tdARKAAR Iends @S sibAFcARNGLinclebse Y size of

i ncrease the l'ength and w dth across the | C packages

dURC parkhp&. Pex ingemdead: neXtiffisase Mhedlengthand @adkd acrds the IC packages
I ncreased size can be di sadvantageous in systens
whéiectoRhBhsin el estehdion dfatle lehds. dthiki increased Bere @us e tiisedvantageous
external leads are typically arranged al ong the sides

- of intdystein€ wiwok BGB spacehielipitad.do @dditiof, tehausk Geqrxidagdeads are

is limted by the linear distance around the IC
patypirgBy arrapgedréangdhe sidesenfttbgyiC packagns thetpipequnt ghgpg IC packages
requi re an additional inspecti o% step for

st Paimiadcibe lipear giskse popnd JiedC Rickages dppiheratisadvantage is that
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ol SR BSPD EMRAL Tndcnabng fth MR (rEEls dobhtothe cipof

RegRGRIefhdl YofidRsadand i bRl elRErEbAIQ mehgmgsmﬁem #ads),
| C packages, researchers have devel oped | C packages

I NwhtthGhayt dFeecethie @ldtaical patismane ¢fapd BHCpatkhye.el ectrical
.contacts that are covered on top by the encapsul ati ng

mat ®etegdniting thexgparianharproblems bathtconvanfiondldCl packepek ageearchers
so they can be connected to electrical conponents

| obateattvelopertl packages ih @hichchegaernihleads drCreplaskd g slectrical
referred to as "l eadl ess" | C packages, tend to occupy

| esentaginthat are gpraredionaptbycbagraepsuaiing matena s geroseden the
to the absence of the external l|leads. In addition

t hbatiom of Psdkcagekassisp fheycea be fRnssied 1@ glepigicy omponenty located

| oheeadiu K Bl dbes & Pk BeRyBEEROo 6 SoMEvaly pockages, tend
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which are hereby incorporated by reference. Among other things, these patents

describe and illustrate design variations for leadless IC packages and various
techniques for manufacturing and using the leadless IC packages.

An example of a leadless IC package can be seen in FIGS. 1A and 1B. FIG. 1A is a
bottom view of an IC package 100 having a die attach pad (DAP) 102 with an IC chip
104 mounted on a fop surface thereof (shown as a dashed line in FIG. 1A). A plurality
of contact points 106 can bé seen disposed around an outside perimeter of the DAP

102. The contact points 106 may be utilized to provide contact points for electrically
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pad (DAP) 102 with an IC chip 104 nounted on a top

surface thereof (shown as a dashed line in FIG 1A). A
plurality of contact points 106 can be seen di sposed
around an outside perinmeter of the DAP 102. The

" Sgﬁhﬁ‘%cp BPVRIZ oy By ERE Zetﬂ%@? pRARES T masit onto the

1of ﬁ%@%@%ﬁ@gf’@ (e BETRGbA oy e PP 102 and

t h t1
th iehe? bR O}AGf ﬁgggﬁéﬂﬁg lto)%;fo‘{ ORRAME dto%ﬂgat%er%ﬁm poits 106 from

. COMeADAPPONERG. 1@is afs@e B&ABPh @rost-QedtRal Rtk @&ckage 100 of FIG.

contact points 106 from the DAP 102. FIG 1B i
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FIG 1 Aalong line A-A. The IC chip 104 may be

at tanhetivé epdxyel IDAWikdbnds il hiRymay bemtilieéd weorpekeytritaDeonnections
Wre bonds 112 may be utilized to formelectrical

_ cofirgat thed@shiff Hhotarpdutatitycdfi hondidg pomtsa 1 b6 om terininalsofhich are

bondi ng points 116 on terninals which are B
el eleciricelly isplaterbiremdie PAFM (2h Wimaponte 2 14 way dentitided tiform
may be utilized tg-form__electrical connections from

{hé eF@Céh‘F%mi@lP“ﬁ drom ﬁlr:d%:lhl}r} {049p au&w&glwfgofmnﬁﬁlg ppargs 118 which
DAP

To2st BheBivally 5hEGe rera i RATOS s gcau%é@pépéacqm 106 are

h 1

Eo?ssiasgdé 1o BAeE aﬂ&t?ﬁéﬁfﬁg&ﬂ@éﬁ il Birasiendis o

LN8nd ABHY fﬁggﬁgﬁg&g dtn ) B34 i RBud b /) Rrd Ot the 1C chip 104,
ot'%&%# D%g{el mAP%%héﬂlg$0rlﬁ§ lﬁé e nﬁgtsﬁe eFal@ﬂsolfa{eﬁ'ﬂom the DAP 102 or

bondi n rnts
c O'ﬁ@ﬁﬁbﬂh@[nDAP%ﬂdiﬁg posiftél] [8) Itblest @1ec@fc9wuﬂméaﬁmk @am% ﬁ’sed only to
104. [7] One limtation of this type of |eadless
pagkand thesIQ ¢tep 104he maxi mum nunmber of term nal s- that
can be utilized to pass electrical signals to and from
t he Qredimpigation affthis kype of GadleisplC padkiage tsgblattthe tiaginmuminember of

of term nals that can be |l ocated around the perineter -

of tarménatyibat org beapiliped oepass ¢lactrird signalsdp rados haWd ports of the
be & _gade to increase the nunber of-term.nals
'Z' caip 18 liptfed &e thempumbsy oftsrpimalsithat can be lq%@dfmngcsh@ Rerimeter

o b JE S B BT e 35 8214 e e
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gfe{d.rcg{&ﬁsf%cfl&ﬁ‘eagﬁg %’stahpe"\@e\f@éen thB ?Jrﬁﬁ?ilp& 3rH§r 0 lfLQ_Jljl'f‘i:"ore terrmnals_
around the perimeter of the DAP and increasing'the number of rows of terminals

- disposed around the perimeter of the DAP. However, mcreasmg the number of rows of
terminals requires either decreasing the size of the IC chip or 1ncreasmg the size of the
IC package. Additionally, the amount the distance between the terminals can be
reduced is limited to the minimum distance between connection points on the PCB,

which is relatively large. -

SUMMARY -OF THE INVENTION
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I C chip or increasing the size of the |IC package.

Addi tionally, the anopunt the distance between the

termnals can be reduced is [imted to the m ni mum

di stance between connection points on the PCB, which

I's %8}iahd eppdolithét®8isclosdMNRENs Shplithior MMENIAIER 1611 &8s Bitegrated
receipt: 12 June 2009 (12.06.2009) PCT/ 009/ 072030

[ 8dircMarIOUsackiped Ha vk high defisityadathcisrantl eshais ok ntatifadfiring. In
contenplate | eadl ess integrated circuit (1C packages
hasriergnbudirherd enkehdlyssdnepmeddci@nd (¥ tpacidge @f shown including a metal
manufacturing. In one enbodi nent, a | eadl ess

i nieedfraneihving x wiptsulfhee) andadictige susfagt shrmeiatleadfirarge gomprising a
metal | eadframe having a top surface and a bottom

s upleadisy, oft teaminels gktendiag froanthe dempiiase iythe botem surfageyeach of the
of terminals extending fromthe top surface_to the

boR MRl o terRiBals samArigng o Randipg giea jaf the tof suriaeey acontact area at the

Ot SO 283 B GBS LB By e
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S Uleh @ Sin@ind &%Jﬁ%?f%lga %g%gw &"B:(‘)nﬁﬂlg pa{Rpeh 3} oF wires, each of the

plurality of b a plurality of wres, each

of pluPgity 6f Wiréd bdnve®@fo ¥bdrRinRBLAM 4 Porrlilpopdl AdeaBdulation

and a bondi ng pad, an encapsul ation conmpound coveri ng

t heomhfouabicpveringah®iickipj thy phirality besviresiadd at lebstagiortion of each of
portion of each of the plurality of termnals,

whigie @luralith ©f ccomirmaly, wheeasthefcontaet goéasrodiithet plumalfity of terminals are not
termnals are not fully encapsul ated by the

enfidlysotapsileted byrtoencdpsulitiongiompatnd, edhstreipadeast ongef the plurality
plurality of termnals conprises a netal trace

el efctermipall cgmprsas|ai mefalddrase ggfpﬁgaay eeupliag @rbongipg area laterally

di sposed froma contact area such that. n [

) I
pediseqses EQmsd cangact pg2 sathathay ookfterbefRendicilas i D ety dpagirame
t he bondi dth t act | ectrical
cotpreoyst e BopdRarir waf 0 SriscHEs nBrraly Gopil g fhe
enbodirent s e | eadl ess | C package may

I n_saoue th

[ n%crrﬁi&g aée%%lﬁtﬂéec?letg}' Ty sposed underneath the

I C. ¢hi ' ' .
ﬁmd?necagl?&dt%ﬂ%ﬁtgl@e %%&‘lgés% Oﬁggéggg‘hégfﬁﬁﬁ&k 3lcBHAC: fea disposed

perineter Ip an I've coatlng

II Eﬁr%gr%é&gtﬁ %’%Qo{lﬂ@d b4 BbndifP48a dRPSsEH Qﬁ)t\)xln@ a@akifheter of the

! nts, the bonding area may be
| at@aﬁ#) lid Gt BRRSIRE codtHP ihREHBANbARbertth® Fnetdl)ra08 @ndthe IC chip. In

nore o di sposed outwardly fromthe contact area

r edodthd atebddimeite, thé by area may be laterally disposed from the contact area
by-one or more of: disposed outwardly from the contact area relative to the IC chip;
disposed inwardly from the contact area relative to the IC chip; and disposed parallel to
an edge of the IC chip. In some embodiments, a surface area of a bonding area of at
least one of the terminals may be smaller than a surface area of a contact area coupled
to the bonding area.

In some embodiments, a distance between a center of a bonding area of a first

terminal of the plurality of terminals and a center of a bonding area of a second
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the 1 C chip; and di sposed parallel to  an edge of the

IC chip. In some enbodi nents, a surface area of a
bondi ng area of at |east one of the term nals may be
smal l er than a surface area of a contact area coupl ed

T N
t epghiRalard oﬁtﬂ@fi%lt Wrilidal Xrgp%g%ng&gq[f Qacloﬁtaxa;g%ez?ggtﬁg E%cg)nafterminal.

a bonding area of a secon recei

' 20@193&11@&950&591@995, ﬁ@lft%ga%g/n%ﬁgégd?} BN dind bt {e}Q%lurality of

plurality of termnals my be I'ess than a di stanc

‘beterp@inlSheiy £firs@boding 9eh @6lipléd ®7x Bifst EdiRach hfedtbeing disposed

termnal and a center of a contact area of the second

t esubspentially Hitecslyrtherebdlont| esebad tdriénal OF e pkagltyBYerminals having
include a first termnal of the plurality of

t erseqoald ohding egupled tor s¢ecbndidomart areaalisposgal @dstantidly directly
first contact area being disposed substantially

di theegbielow, lachisd edrowmal af thepdurdlityerf termanalohattimga third bonding area
plurality of term nals having a second bondi ng

cotipHRied %/’c? third cppfaet Ao tvhiereim theghiad bprsliegiarea is interposed between
suhstantially directly therebelow, a third term nal

of gterfa sthaneyig arga Pid the perond pending ared, and; wherein g tirdgontact area
area,. cou dto.a third contac rea, wherein the
RS efg i i B he Bt RbmACC AN S pecond contac

bondi . ond bondi d_wher ei .
R T
conRREL YR Sl 8t ARRE » SBHRReAL WG, SRERIhe fouren
t'epSidiIRg areh it iRR skl Bliwle¥n Bfe fiSI E%n%ﬁl&fﬁge*ﬁl\@ th¥ s@ond bonding area,

fourth bonding area coupled to a contact area,

whericwhereinethé @aiirthréontadeomdh BAlisgosed laferhlit R6MABEkea between the first
between the first bonding area and the second bonding

ar eentact ared and éfecdenonidh@nftamtinteh. cont act area i s di sposed
laterally fromthe area between the first contact

ar edn sonee ethbodimentydthe dradbess 1@ pakagd mag ifclide sfiseterminal of the
enbodi nents, the |eadl ess | C package may include a

f i Plyralitpphierrainalsthaying a fipsigaardct greafa seepmd wanmahefitha glusality of
first contact area, a second termnal of the plurality

of termigalyi IRXIng aseeoncontact aa adisernt 4@ thefiratroaticharentangd @ third

the first 1 , . third _t inal of th ]

o By BB PP i e bl o o
ar S Laled S Ml erE O] R cRtioem hemBtie Y Bcipa g botom
Of surfie BPHBImd BAHIANE RIS UIRALEG kol Yol SIE Bl 8 botiom

suc t he
surface of the metal leadframe is substantially even with a bottom surface of the

encapsulation compound and/or wherein the bottdm surface of the metal leadframe is
selectively etched back such that at least a portion of a bottom surface of the metal
trace is substantially even with a bottom surface of the encapsulation compound. While
in some embodiments, the bottom surface of the metal leadframe may be selectively
etched back such that at least a portion of the metal leadframe inside the encapsulation

compound is removed and/or a bottom surface of the metal trace is selectively etched
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wth a bottom surface of the encapsulation conpound

and/ or wherein the bottom surface of the, netal

| eadfrane is selectively etched back such that at

| east a portion of a bottom surface of the netal

Ur B&& suSh H4PSISRE b Bbitidn B B tibthiNrie HXidOHE Shdabanfid compound
t he encapsul ati on conpound. Wiile in sone

enmkqeingest. s, the bottom surface of the nmetal | eadframe

may be selectively etched back such that at |east a

por i ssmeémbdtimerts 2d mewhplhtisgepplied itale topt Sueface of at least one bonding
encapsul ation conpound is renoved and/or a bottom
suaeaobthefbondiog arsas knd wherein af least @paertioe b?theméde@@tame below
of receipt: 12 June 2009 (12.06.2009)

PCtheangialpiatoTzAs gighedhaway - Sisme ﬁabodameméa%lbstamﬁémailldﬁ the metal

of the netal trace inside.th ncapsul ati on .c ound
i sleaéﬁav%aelomtbt} mefel BIBHRE s ASIS Bt sln sgmgembo SEF EiE ﬁg}“dth of a

of P d‘b‘ﬁ%?ﬁ%%ogil%é’i“rg]ﬁ%i heRins S35 1388 P g B aistance

t hgetw%{:rﬁg% % réq)ff % r{a‘ﬁ’lg Jr@a‘éa.l{@é!‘qﬂ?{%dg? IOleI nh% {?ﬁﬁgﬁf@a is less
mehﬁh fﬁvle %ﬁfarnw al rﬁopl‘?orf@{tﬁé atl%ﬁR bAGmef §h&8 doated with a

away. I n sone enb a first bondi ng

ar pryi@tivé Bdal! rvﬂieké the PfotQaiVe interdd] %ﬁz@' HeSele€&8 fioR@the group

five mls and a distance between an edge of the first

bossthpiisiag: @a epokl, an ofidigcandfa soldeeeaRk. bonding area is

less than five mls and/or a bottom portion of the at

| eadt saneembodiments athe IC packagt evhywndlideaa sqddayalde prorection layer
material, where the protective material may be

sefeued @nfarhwpmrsenrfgmfpthe conipatiatsiapgvhesein digosojderahie protection
oxi de, and a solder mask. [13] In sone enbodi pents,

t hiaypids selextad Eromethe RHUPQEPESHE] HBlRERE étafkrbp efnicks] (Ni),

| ayer _formed on a bottom surface of th nt act

ar ia_%&admgmf%f dgold GoPyR PhBNE SEFETROE NS el élﬁéwdg%d (Auv); a
of PR étecl%ﬁpmy mcb%ﬁﬁﬁoﬁnﬁm s il i o stich e Eoid B, or

g: ﬁ{*ﬁg@ﬁ gkgoﬂcp ( 1{) ??pl ARG ol§tkl<T c}r 1 Gﬁrg8+ ﬁt‘))Aé )sglder coating of tin
?ltlcfi %%afgn/%n) of &in soﬁfgl‘ G dofetd} balPbf i hx?ch%lzx %}"/I}’b)a(ﬂ‘q tin-alloy

elect ytic or I nmersion

. o% 8&r; SRP4 b4 cBfpet | '(@u) @iﬂﬁja L&At (05'% Bp%anﬁf so?de?éﬂ”'h@' Pré¥rvative

er; a solder ball ‘of tin an | ead TSn/ Pb) or

ti (‘OS‘M BYsonkOdAifddimans| tAe Rpsarfaderahe friethl lé&dfrb]m@ comprises a die
coating of an organic 'sol der abi | i ty preservative

( Oftich padl; @ lcashosbriienbdithe 10 ehiptp neunfed 0@ thé diehetach pad. In
netal |eadframe conprises a die
some embodlments one or more IC chips mounted to the IC. chip and electrically
coupled to the metal leadframe.
In some embodiments, a method of manufacturing a leadless integrated circuit (IC)
package is shown by first partially etching a top surface of a metal leadframe to form
recesses therein, the recesses defining upper portions of a plurality of metal traces,

each metal trace of the plurality of metal traces having a bonding area disposed on an

upper surface thereof, mounting an IC chip to the metal leadframe, electrically
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mounted on the die attach pad. In sone enbodi nents,

one or nore I C chips nounted to the IC chip and
electrically coupled to the netal leadframe. [14] In

sonme enbodi nents, a nmethod of manufacturing a | eadl ess

ST S Rl s
o PR FREREER SIS B APOHEE R AT B Bpthces

tr aetheredebiRs Bl the@hdtaeifraiR! §dledivalyRIcH®Y A BSitéin surface of the
bondi ng area di sposed on an upper Surface thereof,

- MO Wi thlNGadianeCGoGivlfte bacht dTahéBlusdlity 6BMEaRIRses, each of the plurality of
electrically Date of receipt 12 June 2009 (12.06. 20025))

'PCHICENAR06Y BRGSO comau peardispolial drCa ivep stifadehEerbonaidnot fully

areas via wire bonds, applying an encapsul ati on

compuerad by thecameapsutation kGnphing and wdewiin at lbast dsg matadi tradvecomprises
plurality of metal traces and to fill the recesses in

t hé@ aeBtagl arpelagrrplinedispesed &wom ¥ bondieg ai perhahiorot line perpendicular to
surface of the nmetal |eadfrane to isolate each of the

pl theametal leadirgre itersecsciaah thegomtast arepangythgbanding aga.
metal trace aving a contact area, di sposed on a_|l ower
ur 1 cRmE FEvegeY ool iy Techiidss 335} porion of the lower surface

f " SR SR Inh| Pt BRe e ned B T hiydnal i @?ﬁﬁ@@tﬁ% surface of
| 0 S BB e couin
ang, theadp QBHRA Fib@towel SlrfdcB of %&gp@#gemﬁfe erhttiments may
met hod nmay the

include at least a portion o ower

SURAGKR th®brdiél€ivaRbatingl doAfRRIMIne Gr Hldrd6fa %f&'ﬁv% ﬁ)éigg coating, an

substantially flush with ."a bottom surface of
enepgsudatingrandayotectbandkenbodi ments may i ncl ude

applying a protective coating to at |least a portion

of tlheomewmbodimenss; cheafethdrd nmag timdluder apartion 8btie bottom surface of the
enbodi nrents may include the protective coating

comstdl deadiramedeing eighed batk w beesibstantadlydhistiavithcobotiony surface of
an epoxy coating, and a protective ink. [16] In some _
enfbhscnsapfutation fayerdn some gapofimantsd hed Cyhip mali beimaumted to a die

bottom surface of the_ netal | eadfrane being etched
baéifaq %Of?tﬁs%ﬂqa&fwefﬁhaéiw qfiach areg My RIBHIA firp@@bottom

of he encapsul ation |ayer. In sone odi ments, the
| CSUH ARG en Y & et e G (4ot rpfigprotrude from
e Lo b S e oA i e s
di sdanes ROdbhedsAntact areas protrude from
In some embodiments, at least a portion of the lower surface of at least one metal
trace may be etched back inside the encapsulation compound. In some embodiments,
the method may include partially etching a channel into a top surface of the metal
leadframe, and flowing a portion of the encapsulation compound between the metal
leadframe and the IC chip via the channel to provide the encapsulation compound to
isolated and hard to reach portions of the recesses. In some embodiments, the method

‘may include singulating the leadless IC package from a multi-unit leadframe strip.
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di stance, and the :first distance is |ess than the
second di stance. [17] In sone enbodi nents, at |east a
portion of the |ower surface of at |east one netal

trace may be etched back inside the encapsul ation

CONpRLIAGhvelsh otk Ve B & not {idBB tdRPrelEH ehdldHBRliment or

partially etching a channel into a top surface of the

ey adpadif i ReseabfhvEAtod. ng a portion of the
encapsul ati on conpound between the netal |[|eadfrane

anBRIEF DE TIGN OF THIhWDRAWINGSvi de t he _
encapsul ati on conpound to isolated and hard to reach

por i o compldieunideceasiitg of varisosrembodimentyefi the, prédest invention
met hod may include singulating the |leadless IC

pamkpbe obtamed &y mefetenceitol the falmafingPetaged Descriptior whn taken in
recei pt: 12 June 2009 (12.06:2009) PCT/ CN2009/ 072030

[ 18injuegion bathehe arepmpynying Diewingsy srhere i s not

i ntended to represent each enhodi nen r .e t
of  EHES ot BB STaih G SRRt O QB ig-IoR G Ny geadiess IC
DRAV\%NGS [19] A nore conpl ete understandi ng of various
enbYdf¥fent s of the present invention may be obtained

b to the f | il | Py .
ohe 6 LIRSt S AR SR RELS P prckae
Dr aw s -oflaAs B .
o S S0l Bl o A I ShARR g e 1€ i
PakAER o Eh%éilacﬁg@sizg; illustrates an enbodi ment of a

Thermal Leadl ess Array (TLA) | C package; [22] FIGS

3A- BIG) 4 mbtrabLartdinodaasi g Atmedl Iadf@ad IR gl dplpatigagfanetal
having a large 1C chip relative to the package size;

[ 28hceFlfézmed onld top burdiceshaeofenbodi ment of a netal

| eadf rane having a plurality of nmetal traces forned

on FIGS.DsErifleamid dspeasodf arf @bodinGs. of 3Aeddldsk [Q pagkage at various
aspects of an enbodi nent of a |eadless |IC package at

v astagrsof agnangéactusingprogessif act uri ng process; [25] FIG

6A-C illustrate various_ views of an enbodi nent of_ a

| eadl@<CA-CClgseaaywIous Xigvpt eRembodenast oby irarlss r rackage
IR E SN W
hav IF?@ '?A-‘H {llustrate various embodiments of leadless IC packages having a die
attach pad;
FIG. 7C-H illustrate various stages of a manufacturing process for producing various
aspects of the leadless IC package of FIG. 7B;
FIGS. 8A-D illustrate various embodiments of leadless IC packages;
FIGS. 9A-C illustrate an exemplary embodiment of a leadless IC package having two
IC chips in a flip-chip and wire-bond arrangement;
FIGS. 10A-B illustrate an exemplary embodiment of a leadless IC package having an
air cavity therein;
FIGS. 11A-B illustrate an exemplary embodiment of a leadframe of a leadless IC

package; and



[32]

[33]

[34] i

[35]

attach pad; [27] Fl Chatd6Freteipt] 12Juices (206. nms)mmgeﬂowomso
of a manufacturing process for producing various

aspects of the | eadless |IC package of FIG 7B; [ 28]

FIGS. 8A-D illustrate various enbodi nents of |eadl ess

| C packages; [29] FIGS. 9A-C illustrate an exenplary

e q—'ngeHA ?{ s}%\x}selﬁﬁl treaf'% em CbB(%C K a%eog r\]/?.éé i V\Q:kag%esc%ﬁnﬁgurations

hIpS rha and® W

lﬁaﬁ\f@ehu, ﬁﬁa&a(% @@omms%yefcm@% tﬁﬁﬂém%ﬁo@n

ess | pac age having an alr cavi

[ SﬁE'EA@EEﬂ m&mmww mﬁmrmgmm@pmtm :

a leadfrane of a leadless IC package;

r ecayafous dAibdBRRNAYI e ﬂ@séﬂ@r@g%n WHHSMNBO Qggcﬁgg?ﬁlgre‘fully with
[32] FIGS. 12A-H shows 1l lustrative enbodi nents

Vvardferdficd (o tRALHREDasANE dEHWiALd. TRE irfRHtiéh ﬁﬁ?rﬁo“@velt B embodied in
nunmber of UO connéctions for each enbodi nent shown.

- DimbAY IdHE2 & Soih Fad QN0 nbitibe BHstnEREDi mEdBI IS ENbodiments set
[33] Various enbodi nents of the present invention wll
noterehateiscrattivedherembodiulents ané piovided fse tien tes tisclohere will be
acconmpanyi ng drawi ngs. The invention may, however, be
enBwapuh and compiaye, @nd mal éwlly ¢amvey thersdopehefithel invettidreto those
construed as limted to the enbodi nents set forth
heplglled inthe BBy . t he enbodi ments are provided so that

A g SR
f , A-
S&é&é S 86" atson et i Reatfeet TnEoniesgpsiaion and

EI@e 0?521 oSe Py u%fg X AOS:%SS ldm }E %o chéehﬁg)' (geﬁgil 5&9‘&’“{5 line

! A i 6, PN Tl B v i

t hgo4 @ﬁsp@@h UL cafifdl p&@ﬂoﬁ%@%eq@ paek &g 0 add4odied Bger o

in a central portion of the |IC package 300 and co

by egvapsitativapipduh® BOY oRPLIHPELdI0 Be RdtrREBP EEEHISPORR external
electrically coupled to an external device (not

shdevide, (netshovay, suckPaiBa POB, durginghea plutaliay of s¢rafnals, each terminal

term nals, each termnal having a bonding area 318, a

cohavang a hordingaga 348, contast arlea B0G.cad 22Aetalonywei3Ald cotygling the
bonding area 318 to the contact area 306. In the embodiment shown, the electrical
connections are formed using wire bonds 314 to connect the IC chip 304 to the
bonding areas 318. The IC package 300 also includes a plurality of metal traces 322
routing electrical connections from the bonding areas 318 to contact areas 306. In this
way, the distance between any two bonding areas 318 can be reduced without having
to reduce the distance between the corresponding contact areas 306. For example, in
FIG. 3A, the distance between centerlines of bonding areas 318A and 318B may be on
the order of 0.2 mm, but the distance between centerlines of corresponding contact
areas 306A and 306B may be on the order of 0.5 mm. In various embodiments, the |

number of bonding areas may be increased without reducing the size of the IC chip.

Referring now to FIG. 4, a-metal leadframe (LF) 424 is shown having a plurality of



[36]

bondi ng area. 318 t o Datesf ceeipta i Jvar 2009 B3H6.2009) PEECN2009/072030
enbodi nrent shown, the electrical connections are

formed using wire bonds 314 to connect the I C chip 304

to the bonding areas 318. The | C package 300 al so

includes a plurality of metal traces 322 routing

el fetal tra@ds 420 Mgl dANStop @MadeIRerbONHH e rRRRliRdits,the LF 424
contact areas 306. In this way, the distance between
anhaly 've aRahintalIA fleeseRLsheen Rebgseserddand) vid diktadtinto the top
having to reduce the distance between the

c osurégp of dield 42nihaqgiredeteradncdGhistenaucte fanthieenetalriracd 432 are the
3A, the distance between centerlines of bonding areas
318mamdg poddnsraf/thh enatal LR 424 hetwiean the regessendl6 (asshawiein Detail
di stance between centerlines of corresponding contact

ar 8asin3B6 A4 theimeob Bagasy2B areothopmes shasisel pertians of g LE 424 and the
vari ous enbodi ments, the nunber of_ bondi eas . nmay
beracaBeedie shews at naiethadsheeriines < Lg%Lgﬂgghfgﬁh%gbﬁPp.

[35] ,Referring nowto FIG. 4 a netal |eadfr L
et i Fet e ppisities S Aoy aT5Per Gt hnpy ve
June, 200 . . I :

423 P G T P PR AL o B oBi o Bh A€ B may

enﬂ&ﬂl&gﬁﬂget ns [E-ip fheldhetfidfaced ™) RBufl B %gltlﬁlﬂ’%* 8f {h¥ 1ddddime 424. As

nmet a ecesses 426 may be etched o the top

SUREREE decrib&tfinliord A tail befovR cBAREGIreds 10d fHdlE@ficallyWolipling an
that the netal traces 422 are the renaining portions

of 1¢ dRipte tatrespbndind chtiovpeihtd hita PEBansLse digfosed at ahapposite end

in Detail A). In FIG 4, the netal traces 422 are

s hofuhe asetsl headescd 22dirdri ahesbanklirtgheeeds 4 18 21 Ffid 41 dlkof the contact areas

recesses 426 are shown as non-shaded portions of the

L F4a@ &showh b sqigheshare intetiody dispeseidselgtivame thabendingareas 418.

particul ar pattern, any nunber of patterns may be .

et Hoagverirovarieus pmbedimentsqsome ¢idhelFonjaci REas 49&81%! & disposed

wire bonding to an I C chip may inc|ude portiqps. of :

¢ heireailyaheley edwnding a5ap 8 F Y BEAIBREAPUBFarHIrom the bonding
i,bed in nore detail

:b%?%éﬁr 2@@%5 tg@%ﬁ;&%&f%gﬁgﬁéét rically coupling an .
e o SRsedvaen ShonpberpE Rtk flr b Rfufh b e TPbelow e 1C
42%{1{33? Qfél{%% tg (ﬁgg'gﬁ?%t%%ﬁ %a‘tﬁ% arl:ﬁb K;_ft%?cértioﬁé of a.otBP ltsgﬁace of the

con ar eas Wwn as squares einterio

di $pq56LpEd S%Lebﬁferlé Ettcfg&‘ﬁa\bgf] ol dReked hRFSAdBin thé LASMEED define

in various enmbo _ , sorme of the contact areas 406
MBYnekf tdESRPHENhavdi rhBEd sutfdeed RYutivB e BrRRedesgs AWRas adt I8 chip is

or may be disposed outwardly fromthe bonding areas

418 duawdroato 4nEF Revihpheesseothat bigerddhindXie DA area, the IC chip will be
supported by the metal traces defined by those recesses and voids will exist between
the IC chip and the recesses. To secure the IC chip to the metal traces, an adhesive
coating may be applied to a bottom surface of the IC chip. In some embodiments, the
adhesive coating may be a non-conductive adhesive coating to electrically isolate the
bottom surface of the IC chip from the metal traces. After the IC chip has been secured

against the metal traces, an encapsulation compound may be applied, for example, by

molding, dispensing, spraying, or other encapsulating technique using, for example,
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[36] I'n general, -wheDa@Rf tekeifthi2uhs2009 12 106.8000) ¥ Or/@NLI09/072030
t he portion of the LF below t'he IC chip is referred

to as a die-attach area (DA area). After portions of a
top surface of the LF have been selectively etched
amay, recesses are formed in the LF which define

L byt REBRe Wplr SRePed Bhep Bha L BT RV e e 8}“8&“??_ e meta
a?ﬂa@@s {rﬁqg%ﬁletﬁe I‘J&@gseg g} t@@ ‘ﬂ{-‘hﬂltcﬁldﬁr%eﬁ]?ﬁ%%ee d% l;l) 8enothe recesses

supporte ces

thQﬁs%oE&Pﬁ?tﬁeeﬁAad}gaXriHﬂéI@”ch exi st between the IC
chip and the recesses. To sec?ure the IC chip to the

met defbfiageow RBIFIGSNSALDY, %E&@@éﬂ AMrBBdiEn PR T€ Pabied at various
bottom surface of the IC c In some enbodi nents,

t hatageglbes misufacrating groress dﬁ@slﬁwﬁﬂ[ﬂn BIGLAIG tthe/ frod&l &8 E S with a
coating to electrically isolate the bottom surface of

t hendtg [dhH . fim BHu.t 3 nmedlettaces 5226isave Abbrefortnee by Gaatailp etching a top

has been secured against the netal traces, an

encuyiacsl oftthohF Safrpoemate meapsive Sap gefimidg theometekameh 622.Honding

nol di n dlspenS|ng, spraylng, or ot her- encagsulatlng

t i Sa & hajs Hep beegraddsdaion portigmeka op suefeed gfithe meta) traees 522.

2..06. 200 PCT/ CN2009/ 072030 oxy, silicone,

qﬁ?&’é‘lﬂ léﬁéaeaé % $imay be damasd; by anpb‘/legaegpngqbée meterpl ts the metal

and t he aces and to fill the recesses in

LF oA PG 41101 FROTR e ROetT Bl iRrst Sorioss Shgeehs. Eold (Au),

0 BBRREl sévgﬁpérf@é%@iq%@gigEf%%dn&h mg%ﬂ i
gi (DI PIFAGR P i 95 S Y0

a . efBbaimednks, Bthdhédivd 1|n§ter1§f35 ldﬁgﬁhe .E%FS"lféﬁ ?%gmﬂ% ?ttorﬁl surface of

been for ned by partially etchin ace o

LF 121 éiip S04£Béford the &S SR ibAbudellitd It}f&)Nb@ed’EﬁTtﬁé LF 524. In some
traces 522. Bonding areas 528 have al so been added to

a pobbdimend, the ddbgsiesmbreial HI0 mbeonigtbalapphi@C®©ozehs of the bottom
The bondi ng areas 528 nmay be forned by applying a
boserfdsieof it Er¢lrip 5040t ey e appliedttp sieelsF 522, Afserahe B chip is
for exanple, glated or clad netal such as silver
( Ag)oungzgug tl(e,auj 24, tlplSeehip audy, becalectri¢adly coupledld the bonding areas
Séll als. In FIG_5C_an I C chip 504 has been secured
dispesed putsifle; of ghe; R Acaie In (he arplashimant shawn, Wige bonds 514 have

n sone . enbodi nents, the adhesive .

rragg‘% 'ﬁfhzg‘flr:f?e )V/}éﬁéf‘eaﬂﬁ?tpéﬂ CHPURE entire bottom

s e
a p B egﬁ Qgﬁ’%eéitr ljtal%ggagﬁﬁ%{e tﬁ e, i@%ﬁ ip! 5?)'4 81'1&’5 ﬁ% In addition,
the encapsulation compound 508 has also filled in the recesses 526, including the
recesses 526 disposed in the DA area.
Referring now to FIG. 5E, a bottom surface of the LF 524 has been etched back. In
various embodiments, the etching back of the bottom surface may include etching
portions of the LF 524 corresponding to the recesses that were formed in a top surface

of the LF to thereby completely etch through the LF at those areas thereby exposing a

bottom surface of the encapsulation compound 508. In various embodiments, the
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surface of the | C cWats obtedeipt 12ndupe 2089 H386.2098) RGI/EN009/72030
524. After the ICchipis nounted to the LF 524, the

IC chip may be electrically coupled to the bondi ng

areas 528 disposed outside of the DA area. In the

enbodi nent shown, wi re bonds 514 have been utilized

t Oetpﬂi%g' balg hieinel a6 ichfiR! por@shilof Béme bBBE nRedIGFACEd) In BsiHe

to Fl 5D, an encapsul ati on conpound 508 (shown as

s haHBshime @9 SPortibRof Beemeappidee 821 thag be apsed avith atsorletdble
chip 504 and the wire bonds 514. In addition, the
engaesial 328, suchaefoo exuin@O.a thetal plhtig 328, [resbmaerhbaliments, a
recesses 526, including the recesses 526 disposed in

t hpor¥n af Bettonj 89facRedishe metpl traoest532 Ay, besiched bgels tadm
surface of the LF 524 has been etched back. In

v asubstastialyryen vathtasbotioresustase phije sacapsHatiomaY#oi08e I some
surface may include etchin portiqns of the LF 524

c o? PRRAPBAHE YPIOCH HeCqagpg §2% gay r‘i’ﬁtaai?\?éir‘@ ROFHiIOf hptigm surfaces of
to& surﬂace N the LF to thereby conpletely etch

t NG Tt HHESLE“at t hose areas thereby exposing a

var RETEHE A0 RIGS oA G EREL st TSRSV IC pifie bl e
i( ﬁ%}]og\gré %g?.ﬁlA Equ/ogr%%%ogtl H< iéggckagé gm%r B@&EPW purposes, the wire

Ing p ons O one of the netal traces.

| Nb&RIBre SITRRSWTRRY Snly AR OLiRABSf e dnbspsiRtih cobhpéd® 98%nd an
may be coated with a Solderable material 528, such

aseutfifé ofxaienkiech @eddd Alarda) 602 WHere2Be IQ chip attiches to the LF are
enbodi nents, a portion of bottom surfaces of the

mestalw ihakie ¥iev2 2n thyemhbodimete an batekravoofterminals having bonding
substantially even with a bottom surface of the

engegstl Gadispred diyetly$08r carrespanding eomtrstiangan@Q, (shown as dashed
protective coating 529 may be added to a portion of
bolinesiand pldcerically gpuplechwiampatal racesafdisand ap inpergpw of terminals
Referring now to FIGS. 6A-C, various views of a

| ebaliingBondingrressf)s laerlly remer#ispasedrogdhe corgespgpyling contact
! $08 GRS OIS VeSO £ A3 GUEF PR, G innes row
S SRR i B 50 AP s RO ERR, B D ara 02
oA LI 1SR A B g e o

b BROACA iHoRf e FOELAF404 havi
7125 G Bf RN LA e A Pk

fg?‘%‘ﬁgﬁﬁgb Fay@Pb A dispiee 6n @R dndeisid@ thetddl €6 Ot the IC chip 604
to the metal traces 622. In some embodiments, the adhesive layer 610 may be formed
of a non-conductive epoxy material. In the embodiment shown, the IC chip 604 has
been electrically connected to the outer row of bonding areas 616 using wire bonds 612
and to the inner row of bonding areas 618 using wire bonds 614. In the embodiment
shown, metal traces 622 form an electrical path from the inner row of bonding areas
618 to the contact areas 606 below the DA area 602. The encapsulation compound 608

(shown as shaded portions) can be seen encapsulating the IC chip 604 and the wire

bonds 612 and 614. In addition, an encapsulation compound 608 can also be seen
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havi ng bondi ng ar eas pakaf feadift! B Juie 70091L .8k Y009 1EAOEREH09/072030
fromthe correspondi ng contact areas 606 and

electrically coupled via netal traces 622. As can be
seen, the inner row of bonding areas 618 may be
routed to the contact areas 606 bel ow the DA area 602.

AT n | PR T
A- AR SaS: I ' C [
R e TR e ey S

ungetsmdarthesans 1¢ BackaRYBbM ﬂlglll.tdgﬁh{egné:{ﬂsﬁlaﬁgxﬁ co Q%Jnla%%

metal traces 622. In sone enbodi nents, the adhesi

| ayshownldd ndayshb@ed sUrABH), (A mdtald 8cds @29 UsHowiCasRRAIN portions), and
material. In the enbodi nent shown, the I C chip 604 has

be e ainexct areasb06/(shown as h@tshiaded bguadash dh theOoBddiment shown, the
bondi ng areas 616 using wire bonds 612 and to the

i neentactareasf60b anmiind ghapaahe1E the I( packiage6@®dad Spackd apart at a
In the enbodi nent shown, netal traces 622 form an

el @eadetesrainegd glistarice ol spme . einrthodimentsy befaubo thetenig nareating of these
618 to the contact areas 606 bel ow the DA area 602.
ThEORA B Iditansa neayrhsoareriersban of egyele the mitigeudistance of
portions) can be seen encapsul ating the IC chip 604

an SRR P diydhe £¢3 destgnepecitifationsidn thepmbagiment shown, the
TGB! 0 S9TBB B S 2B e SRR o onding e
R G RTINS
ORI RS 08 K% 899550, B gl e by e
en papsds il s?eciﬁeﬂ}b%ﬂ%iﬁe%u ﬁﬁﬁ@é{ﬁ;%\%ﬂ%@%ﬁ%@gm remain at least

portions), the netal traces 622

portiei minhumatistandepart Gidte€dch BIRASTIEO Blldveh@phifidsntly more electrical
non- shaded squares). In the enbodi nrent shown, thé

contraettiansaa be 6£6blished hetwebe ap &T chipatiyunddd éiie tHeQ.F and the PCB
package 600 are spaced apart at a predeterm ned

di entarvddch the I€maekageiObiinmotstedbecause there is no

routing of these contacts, this distance may be

gr eRetarring aow ¢ FEGialA arsl Bhiop miewsnfrivaiesthedineenss of an IC package
seg&&ati n required by the PCB design specifications. .

| n’YhareshBwe; FRrdescaipding putprges, wire donds are agt spwnmngwintiean outline

Y EIRE i AT NN L

B A TR .

0 8 e R L0 RN, rion,

| eR3Esses 726 have also been etched away to define a Die Attach Pad (DAP) 702. In
various embodiments, the DAP 702 may be a central portion of the top surface of the
LF onto which the IC chip 704 may be mouritéd. In the embodiment shown, the Die
Attach Area (DA area) is the portion of the LF to which the IC chip 704 may be
mounted and may include both the DAP 702 and portions of the metal traces 722. In

various embodiments, it may be beneficial to include the DAP 702 to provide heat

dissipation for the IC chip 704, provide structural support for the IC chip 704, and/or
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t he mi ni mum di st anc ®agdireceipt: thduaa @9 Gi2196.2009)PFECN2009/072030

allows significantly nore electrical connections to

be .est abl i shed between an I C chip nounted onto the LF

and the PCB onto which the I C package 600 i s nounted.

[43] Referring nowto FIGS. 7A and B, top views of two
JidZeRlefecticaPBrolfid RRGHE™EChif 9048108 eRAHYIB; in R embodiment

de criptive purposes, wire bonds are not shown and

ON{Rova) a@ Hditiovel gRfund RachesnpseNiadd B ele@rpAlybupRif medl trace
an | C chi p 704 has been shown. In this enbodinent,

r etzxseshe/RAPIVARe been forned by etching away portl ons

of a top surface of the LF to define bondi ng areas

716 Refeirig Bowa talFIGR {78, 20 embedineapof the IG gatkage %00 hawang two rows of
recesses 726 have al so been etched away to define a

Di bonstingyarhasia shqvppmy tipembedimenty thesize apdisbanerat rﬁli*%boqdﬁkg areas in

?ﬁée?ﬁé o Aierenk CEghG @E’eﬁéﬁ' Posioh b Dol HEL oy speond row.
d h h
A A
0 Og%cag g(g c%ﬁ'g)o{rl?c%/ Adutﬂg I@ 951% m%apﬁgan S@lgWﬂ.nﬁetall A shows a

races varil ous

73?1 gh@i@@t\lﬁw 6ftthfégt¥>09§ng anal f(fr'aﬂlou’ée? r(')VO of bétftadt Qleeapﬁ? the IC

0 provide sipation for the C chip 7

pr ?Xquge $O. Wil ]@lsh&kbozpﬂlra%mﬁ@dl viel€ofl thre€ BoRdiAf éseaﬁﬂﬁ”t@b rows of
recei pt: 12 June 2009 (12.06.2009)

PCI b2 QRA4 - Eof 2RSIT szwkage 700, AR ceh be bdenda DegriloANde bonding areas
the 1C chip 704. For exanple, in the enbodi nent

sho¥hareaiispastdi diteotip bvegrtheicwhtdra srebe 206 prdothertéute khe centerlines of the
el ectrically coupling nmetal trace 722a to the DAP
70BondidglireBReT lérmusi e spaced ap#t (e szBe distancerb thiedistance between the
the |1 C package 700 having two rows of bondi ng areas

i scetierlines afithe egnsace m?&e dys,can e seqnzp Degdl §h§5 dogging areas 716
the bonding areas in the first row di fferent .t han

t hands7 Lemay be %ﬁéd@?eft‘?ﬁ?% ki Qn%lpé%g CPR{aflpEeas dt Rt lisposed

éﬁévlm &ﬁ&d‘%ﬁ? i o e a8k S ML dn 3S0F ErPofimeRl. a channel 703
) | ni 'ﬂg IS%EJP? fto Ea&ﬁ{}atg@\lll 2@(?\’\’ ﬁfglg egllcjeﬁ)gﬂl'atlon material into
ar 8@38’('18‘1783&%% th\%a%;] §QaL act areas for the I C

pac e a magni fied view of three

bomﬁe g%ﬁ&g 65 PIGS We-H0¥Re Qfews QRN FTRAS! A%dt]jb‘i‘aﬂ B during

C pac ‘can be seen in Detail A the
boﬂgﬂlcﬁﬁ c%@sﬁngﬁt . &f BIGli7e) @RadcalidseRt hvOv&n fbAfed in LF 724 to

contact "areas and therefore the centerlines of the
define the bonding areas 716. Additionally, the top and bottom surfaces of the LF 724
have been selectively plated. In FIG. 7D, the encapsulation compound 708 has been
added on top of the LF 724 and the recesses 726 have also been filled with the
encapsulation compound'708. In FIG. 7E, a bottom surface of the LF has been
selectively etched away to isolate the bonding areas 716 from each other and define the
contact areas 706. As can be seen in the embodiment shown, the bonding areas 716

-and the contact areas 706 have substantially the same diameters. Even if the diameters

of the bonding areas 716 were decreased, the number of the bonding areas 716 that can



bondi ng areas 716 nuphtebEresdRCRIuAPANS (12.0820D8)FECT/CN2009/072030
di stance as the di stance between the centerlines of

the contact areas 706. As can be seen in Detail B, the
bondi ng areas 716 and 718 may be spaced cl oser
t oget her when one of the contact areas is not disposed

e ‘forne

| 0! et IS Aol %eégir%ggfggﬁrﬁ[}gﬁ‘%ﬁgbﬁﬁb@oﬁﬁe dontict ullas 706 that
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DA%aXdif'spog‘eaqli, gehgqul Lbhe flow of the encapsul ation

mat er i al nto erwi se | solated or hard to reach

pl agegedihplhoRabesdiind JRONG! B, fth&eis sHewr a &hgﬁﬁ&ﬂ % of one of the
are shown of Detail A and Detail B during Various

Pr ®oRGiR] AfEaS T EPSF a hdtdt biee iAferpdsBE bEWRER B0 of B HdANRg areas 716
been formed in LF 724 to define the bonding areas

71haviAd dohtacinuatdsy706tdirectyothebelobo i hieaiboliaaas sedwil, ke bonding
LF 724 have been selectively plated. In FIG 7D, the

enees il aandil & aeponated. onBtop asrfhearf thabbadd are shopnaf rectangles
the LF 724 and the recesses 726 have al so been filled

wi #Rd thecontagtarpas] U 4ro dispesed ®uracboros surfacepi3he T angl are shown as
bottom surface of the LF _has been selectively etched

an&yfcled Asemdieseehi PeadBn fhearidihs of 18 bandingesess Tdormad 718 in the
g SR bt S s B iR 2 3% g o he
OB kL S2afR B AL BRAARE L S g apasys ana 18
T ShAC IR A S S UORES sl 0 OB BEE16 71 can
LB TRCNEON, e, e AR PONRP1

ar gasred$ethd fate b&MReP theHoRBRE Ak N L IS %ﬁd g iB Sﬁ%rbr(])ﬂfa%?é’ea 706 is not

[461 Referring nowto Detail B of , there is
shdisposedriigoily betkath wndbfe 8671 the bonding areas

718 of a nmetal trace interposed between two of the

bondeferriag @aw (@ FbGS AV Hn gardanstseages af £asthodGodioraiig the bonding

t herebel ow. In the enbodi nent shown, the bonding

ar eress Tianhdl 87ar€ the eoritaut ateasl 706 iraart epbalimesiod thé IG package 700

LF and are_shown as rectangles and the contact areas _

708reashewai By JEsheys a pesianarfitee k- F 324 afier & top sufacerths deen partially

shovvﬂgéas circles. As can be seen_ in Detail B, the

wi 8FRed avay ipdops the iseesasseto 1n the Lh d24 definipg thedondingareas 716, the

row of. bondi aregs have bee creased.relative to

{ nEoRtRBRE 2P 308 M gy 222 Kot Spagh SR BY extending from

Det,al ). Bec t dfhs _of t bondi n s 716 .

aniit g ing a8 PP A g3 Bob PO A aZlBde: ooh apptied

ar g3erif@%he HARIMPAANHIHARAS hé 104, A38i1i6RMNy, metal plating 728 has
been selectively applied to a bottom surface of the'LF 724 below the bonding areas

*716. In FIG. 7H, the bottom surface of the LF 724 has been selectively etched back to

remove a portion of the LF 724 disposed below the bonding areas 718 to electrically
isolate the bonding areas 718 from the bonding areas 716 and the contact areas 706
disposed below the bonding areas 716.

The partial etching step may be carried out by any number of etching processes, such

as, for example, coating a top surfaces of the LF 724 with a layer of photo-imageable
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be di sposed cl oser tDotaf heseiptt Fahine 189 €13:96.2000) RGETHEN2009/072030
706. Additionally, in order to decrease the space

bet ween the bonding areas 716 and 718, a contact area

706 is not disposed directly beneath bondi ng area

718. [47] Referring nowto FIGS. 7F-H, various stages

of FRishafhfa9h phetolinfigedtiee AP ATROphodd R8BIt hA$H baBincbBted onto
an%lté}tl he cont act par eas 706 i nﬁg('g enbodi nent of ﬁt heﬁflc

pagk age7240then 8k gosed ltra¥ible: light wingusphtg ol ivdiergif thehexposed
LF 724 after.a top surface has been partially etched
awpottions dre thentrérmoveslc Bhs esh 7@t istherdeby patieriet Weidvidede recesses
the bonding areas 716, the bonding areas 718, and the
meT24 ort thaterssurfagze phthe L:BﬂﬂﬁnTthBéﬂg i they) etekeds By ieftler immersion
from the bonding areas 718. In FIG 7G the

e nerpsBNEIddRPraye ipRATHd ly7ERte Hbthe barding pisps BP andofA8rand ghe metal
t he bonding areas and filling the recesses. )

AdH#eP GRAI Ty, ctGHIEs! TBRAYER b° ToBPHLEVSEuE Suveriqnpbmgans.

appl,ied.to a b urface of the' LF 724 bel ow. .
ponefrring adhy B sy PiEous b gt AR RSt Qfgive

t he 7 t Kk

a Dt OOl S84 S U EREERELFIRENpd Ry mecal
ar i ifhl € dcNagel ANk GaridiR BRASUAGR! RERi
71@%%8 g%ng?ﬁ&ehcg%ﬁd%ﬁg ragg%ge7;6 1a%d t he Ccor11 a{ct ar easrrlng now
706, F1dj. 8RO 8mB&diReh{ St shic Rebe BB R vink Gwo [[@BhipS8O4a and 804
partial etching step may be carried out by any nunber

of staékelliond ofd tEICEIRE GtheSttBibe seén where thxBOHip 804wan theghottom is
top surfaces of the LF 724 with a | ayer of

phaioontedagmatal addaertending @adérphe IQ GhiguRefedm@now to FIG. 8B, an
(12. 06. 2009) PCT/ CN2009/072030 etch resist such as a
phembedimegeefthel@ paskpge 0{haying he twe IS chipa $04peand 804b stacked one
spi n-coated onto the LF 724, then exposed to

ul on topi ofthe othergtan bgseeng As WiHPeslesesibed immeresdsiait pelow, the bottom
ex&gsed portions are thgn rem)vee?. .The etc%e i st isb di

t-hiG ey 804k tsdp AdHPCcBiPFHogligYatioh Keferpng 2gw 10 8. ¢y apgEnbodiment
t f LF 724. . Th 724 .S, th t d, .. .
OB T 35 Saot 0 B g s hBiald sl RS R ice no

RGN RSP SAIB5 BRHas oo

1 ESEHBA 0%, STV T THBT iy b1 i
| 11?’\2 S BiG. D, Bg)éﬂ{ﬂahﬁﬁ'en@t)f howe Pﬁk%é"%ﬂaﬁﬂfg DEysiénd-fPpackage

surface of a may be routed using netal traces in

COoRdriffpatdtion wietdard (€ HAf 1864 @S mb@Hed'® tHELFAWS one or more passive
configurations. Referring now to FIG 8A, an

enbapsnts 830, ah hCreaRetagecapaditdia aredlsd mouhted edhihpdF. While the
804a and 804b
embodiment shown contains one IC chip 804 and two passive components 830, a
plurality of IC chips and a plurality of passive components may be mounted to the LF
within an IC package.
In the past, it was costly to utilize contact points and/or passive components between
two IC chips or between an IC chip and other contact points and/or passive

components because the points where they connected to a PCB were surrounded by

- other contact points. In order to provide an isolated electrical pathway to the contact
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stacked one on top Obaté reeceiphal JaRN0IIG1ERE00MPETEN206/072030
| C chip 804b on the bottomis nmounted to nmetal traces

ext endi ng under the I1C chip. Referring nowto FIG 8B

an enbodi nent of the |1 C package 800 having the two IC

chi ps 804a and 804b stacked one on top of the other

g: %1\%{\/?5 ﬁ th\{\#d lfl}f?r%rfu g’tg{)h/be:jsce?s%gp WE]ICg mgghtjicantly increased
CO Blfddg&f o@fg B %Eg% Bk ﬁ%tﬂ WMclo E{)lge lﬁ)ﬁl th@%ﬁ&ﬁhgﬁg{ﬁ? ¥ another

t he I packa vi ng-two I ps

SOﬂQaﬁE}P 'F&I%iaﬁllpfée uH&’erQl'léjBA' dred isolbd bleGhtAR CBRAEIBNS can be
(MCM can be seen. Wile the enbodi rent shown contai ns

t hestibMBhed Withblitibe £RKa erpehsS Bt btiliAnPhultipld PEBQhyer>
chips may be nounted to the LF. Referring nowto FIG

8D, Refersnd ook neFIGH./9/4C, hilpaokigeendiitidihentiof thealC package of FIG.
systemi n- package configuration where an I C chip 804

i s9Bthaning dwo dCtchips 9P4aamtl Y coupled tegettees s & &lip-chip configuration is
conmponents 830, such as resistors or capacitors, are

al showrpdvsiced be seantia FIE, 9Bvihe &C chip 90dhion dottemthas hesmattached
contains one |IC chip 804 and two ﬁa55|ve conponent s

gadirecsly tBF}EFrf‘éﬁ“fl%l §Pntpgts ewngg fhprahip honding) techpiqye, such as, for

assi v npanents na ted to the LF th|n an
i %td’éher‘f%(‘)l}e *rcwdt B%@F% chiR, b Bty soldsr gmmps Shereon that

e B3 RN R RES s AT SRR LN ER or hEBF. 1 e
&3%{9&5 121'39{ ﬁlrow’i’laﬁ}%'lgectl%pcﬁf%?@et \Aéﬁla?f%%%e% éﬁ%i Ig)m ;ﬁ{nsahty of

ey conné re-surroun

ot B&HdifPREACH 167 & mﬂﬂyséd atolln®% ggﬁpﬁe?y Bf Y 'Ié?)a@l& b_@@b.%%%l traces

electrlcal pat to the contact” Date

JUpRy 20 Qﬁhééh&o%@o@@@@l)ectﬁg/ I/ GhRQLBh OB A36h th@?ﬂllﬁﬁf’fty ot bonding

second or th | ayer of a PCB was necessary wh

si gread 9 Iaanidl thie cortie poRGs ofthe ALEHip (FCH Rbﬁemlli’gnow to FIG. 9C, a
utilizing nmetal traces to route fromthe bondi ng point

t obatroot Mew ofl the HE packagé 800 eatalrgeen. Thedeetal thare DA A (shawn as

i sol ated el ectrical connections can be. established

wi shaded int prstionsdean bxgrenseuplingithe bondingjanead arophdthe@Briphery of the
| ayers. [511 Referring nowto FIGS. 9A-C_ an

i | Jupakage 9Q0 @rﬁb%ECr?QﬁtaCHPOl@tﬁ angernenth khiedE€ ip £94h on bggtom.

having two | C chj 4a a 904b_coupl ed together in
a f Refrritd poy %FKS% . PG ou Sscam priocipen ot LF 1024

i ?%ﬁféPtfdttB Becedstents %‘lﬁ?@-gaﬁ?ytaféf Bicigieng a1 Iy s an

oo e s B BT Woﬁraag}g e Foos

t NEGLERBA LAE LF 1024. In FIG. 10A, a top surface of the LF 1024 has been partially
etched to form recesses 1026 and thereby define metal traces 1022 disposed between
the recesses 1026. Metal plating 1028 has also been applied to bonding areas on a top
surface of the metal traces 1022 and to the contact areas on a bottom surface of the LF
1024. An encapsulation compound 1008 has also be applied to the LF 1024 such that
the recesses have been filled in with the encapsulation compound 1008 and two posts

have been formed extending upwardly from the edges of the LF 1024. The completed
air-cavity IC package 1000 shown in FIG. 10B was created from the LF 1024 of FIG.
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may be refl owed to Hatedf regeipppfune 0P H286.2099) REIECN2009/072030
el ectrical contacts of the LF. In the enbodi nent

shown, the I C chip 904a on top nmay be w rebonded to a
plurality of bonding areas 916 di sposed around a

peri phery of the |IC package 900. Metal traces may be

ut {hA %§ dah@inkr@aMCASiR] GUath kAl F $0NN&ftwpdBorii e ICIchB 1004 to
plurality of "bonding areas 916 and the contact points

of theendihg Areaf bPthé EE) 102ReAaditibngdlynaVid has bdetr apPlied @cross the tops
bottom vi ew of the | C package 900 can be seen. The

mebfathe posas essedtBe (G packagasreasipde diricavigoatiove tie) Icep H804. The
seen coupling the bonding areas around the periphery

of lid ey be Gopeeclkfgesobid Matasial sushRs fooexample,pugtal; plastic, glass,
underneath the 1 C chip 904b on bottom [52] Referring
noveremicrpaxher1oRd aradertab Br a Fprapingion AR Hipre H%@e#r@ﬁfﬁnals

a1 Adasonily. ¢ LofameAge Ghibe B QOBT B b lehibeck fo isoate the

enbodi nent of eted air-cavity | C package 1000
hat7eyt Afras @dcﬁF e?%ﬁrime Sounted to the LF 1024. In

parG%Q'I éﬁgﬁhyg @?‘%E Eﬁ%gofl?or rrﬁailelgggré gt@b%cgﬁlé ng ?%g?le 4 for use in an IC

&é&géé@%gé\gﬁfﬁ S AQ%gto%' VAP DEHhe8 Y‘Q@fr\whetr@ﬁacesses 1126 (shown

ess atrng 1028 has al so been

apﬁﬂ inaled @ zﬁ’&@ﬂhm TRES Bstmed b phARIly StéhfrCey9fpoktishs of a top
nmetal traces 1022 and to the Ccontact areas on a bottom
S ugirteee obthetliFel 128 in A@2edetehiredpapsil Thé mpechepartidns of the LF
1008 has al so be applied to the LF 1024 such that the
r et Exsrswbavihe beesses il 1 26eate ihe metahtrades 1 lfcthpsmaabé used to provide
conmpound 1008 and two posts have been forned
ex$um>drt rigr amplaeidiuit rhounted: thereen ged/onprovide elertrivabprthwiys to route

onpl eted air-cavity |C package 1000 shown in FIG
1osgwsls between bendingoareasen {pregac‘?cﬂf the K 1P¢¢ andhgontact areas on a

t: 12 J 2009 (12.06.200 PCT/,CN2
rlgcg%gen e oh S*I%érF i@‘é FER T ?‘gﬁ?t‘f’ﬁ‘e‘”ﬂ‘f 0881&&7@4 where the
et sl 0 b o AL bt o

acl 0P2e Pﬁ.ﬁ eﬁpfq;&f %ctpaggaeg1{)@83*;@5“%&1%&%0@%@%5 1024.

L1 By fm sﬁél{eol %In%ff i <§)91 cgarggst £lden Y EF 1924 is is cﬂEtated by the

exa asti c, ass ceramc, or ot

Eét%rﬁ'@f fkica ta@tr ofnt§ Qmewlﬁ Rf‘wﬁi‘ch(ﬁ'ihel ﬁ@%eewﬂf be mounted. For

se materials. " Additionally, a bottom surface of
t hexdeipld. Q7 the b JaRREN Bh6WR GhS Bittad: QrdaS 91 68 Rereltequired to be
cont act areas and the netal traces. [ 53] Referring now
t oufifésnly dpabed ittiwb rbls afsungniolf} paihgeoAs@an bé sdeh24dtilization of a
use in an IC
complex pattern of metal traces allowed electrical signals to be routed from the

non-uniformly spaced bonding areas to the two rows of uniformly spaced contact
areas, a capability that was previously impossible using a metal LF.

In addition to the advances described above with respect to FIGS. 11A-B, the
utilization of metal traces to allow contact areas to be remotely disposed from their
respective bonding areas has also significantly increased the number of I/O

connections available for a given combination of IC packages and chip sizes and has
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package is shown. FI Date dflrcdii: B Juft2009 @1V061009) FCTLEN2009/072030
1124 where recesses 1126 (shown as shaded in areas)

have been forned by partially etching away portions of
a top surface of the LF 1124 in a predetermn ned
pattern The un-etched portions of the LF 1124
h 1 t.a 1118 .
el SRl BE EGERT BB EaTE Rep AR i Egen 1
Q&&Qe Eﬁsrggﬁ%ﬁ{é%%o%@i | gea &t %Ccﬁl&h%ﬁ‘éw{ﬂg%tﬁsurfséce

St gnhal s ween bon |ng areas on a

:
o AR SR SO P ORI g i

1024anplies 6f thB&ario®i I pdck afe@onfigh@anbnsAis sBdas etheicRart shown in FIG.

areas) provide routing frombonding areas on a top

sunfachowt thehgpichl nudadser bOI/Owdhacdtions 8aslaBlkF6r BFeelifferent types of

bottom surface of the LF 1024. O tentines, the

| 06a$ non IGpatkrgecwith acbn@acepsintlfi@h of 0. 5nire viHen 124 different IC

dictated by the pattern of the contact points on the

PCBhltPG) sm A mavatadGheratnk Ahe thied 1ypereofntbipackages Bor: a QFN package
in the enmbodi ment shown, the contact areas

Gﬁe A@Braad J2Eec TAPR gackagr (IIGH 12D preb KIE)i #nck anoHESvpackage
. ?ﬁlﬂﬁpﬁ‘éﬁ H)alb SHICOr e it PABET LIRS B EATcafxt mm IC
boRPry e ¢ B¢ b i ve nie QN aﬁ#?%%‘” p o aREaEe. However,

.Co'ﬂglﬁg &rbﬁt%ru%g?s’ntoq‘erﬁgf%ﬁpl ISR_(EXt hat ggsdfie ?IEnCEﬁ b%ndﬂ%areas allows
aggw fiin dE 261 t}%@  ROPIE, 344 Mﬁﬁgerg;g? ICpdd, af biiple of which

i zatron races

ar @aholvd ik eI e @lsﬁh@bmﬁﬁféaﬂ‘eg oa fagi ermed?rﬁgtﬁ‘t{A]égNﬁve on the
bondi ng areas has al so signifi cant I ncreased t
nuotder op64 VOkonfedtivas fdr%ﬁta@ﬁ? tvalowvsfof comtadt on a PCB. While
conmbi nation of | C packages and chip sizes and has Date-
of theanhertpsesithe illustretiRO0H8bddiReftGf 2G8@)mm IC chip, even larger IC chips
PCT/ CN2009/ 072030 al so al |l owed i ncreased sizes of IC
chings beandyatagseytia Hx5 momHLACIG pacrkegd typa gi ven |1 C
package size. Referring now to FIGS. 12A-H, a chart
shovine gexroeRs shews typicalonmmbest ofJAQ coppsictians when a 3x3 mm IC.chip
avai | abl e for various | C package configurations al ong

fsﬁlse%%?ﬁﬂ]%nel‘ withahe, threedifferent Ey@g:k 5 mm IC packages. When a

3&%@%@3%%&% b Sinepthe G o5 H%ﬂ?%t@p%%‘g? S ethere s
h ff C
o B o IR L R SoPIESHRES 1 By 2
C hBﬁf/OSécﬁlﬁéctﬁ)rng ﬁg%gég%yég E\gatilgblejr%eh I?ﬁeeseanteyc%%lgatlon of IC chip

packages are:
and package size is used in conjunction with an HLA IC package type, the number of

I/O connections available Jumps to 88 with 4 rows of contact areas available for
connection to the PCB.

The last column shows typical numbers of I/O connections when a 2x2 mm IC chip
is used in conjunction with the three different types of 5x5 mm IC packages. When a
2x2 mm IC chip is used with either the QFN or the TAPP IC package type, up to two

rows of contacts areas are available for contacting the PCB with a maximum of 44 and
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(FIGS. 12B and 12C) Datg of peoeipth ioleng 2009 (A2 062009 P GHEN2009/072030
12E), and an HLA package (FIGS. 12F-H). As indicated

in the first colum of die sizes in the chart, a 4x4

mmlIC chipis too large to be used in a 5x5 mm QFN or

TAPP type | C package. However, wusing netal traces to

I eg®1/6 dbnAéSPAS espB&iveB)) haditabR! BafenfHioOMmd i€ dopahdgackage size
areas allows a 4x4 mmIC chip to be used in a 5x5 nm
HLAbrhtyip&idnGs peeelkiagenjundtioeseidpine HILA i ipatkage sypshthemuinber of I/O
FIG 12F. As the chart indicates, a typical enbodi nent
magormastéons furhpseto 160 dréth ugf todrows ©f contacs ardas fghomaras 1201-1205)
contacting two rows of contact points on a PCB. Wile

t havaglable fongongedting with he PES: i ve enbodi nent of a 4x4 mm

| C chip, even larger |IC chips _may be mpunted on a 5x5

mm Hhachatt shewody ﬁ@y’p?eﬁ lists g spepifac pamber of UGhepnapipas that may be
typi cal nunbers_of 1/0 conn ians when a 3x3.nm .

| Chyiaple TPLa SReBICcATEHIIGNE [l FACRROIRP L. Bnd package size

TP Rl B S ARE HE Be A v
PEGAPEch 08 M Efth Q0 RO e Mgl v

angy d&fer ¢ 4raBOM) e duRiter of PORBAALYBhY thabin@y BY @VdiRbleFor 5x5 mm
When the sane conbination of I C chip and package size-

| SHERER patke i tavidGeld DHD tvhi KT éHip HlofinieC taeikagsy Beyqethe order of

t he nunber o I/ O connections available junps to 88

W troredtha®weice theaminitee thawreiaFIay 42H aBharods@ther embodintengmay

to the PCB. [56] The | ast columm shows typical nunbers

of surpBs ¢iase esmbemsineddition, While tnch@t pioivples ingmbers o1 gpmparing
conjunction with the three different types of 5x5 mm

| Cthyerceddram 10 ¥askiage types2themwignificant inciegses s HOgonpections of the
either the QFN or the TAPP | C package type, up t‘f t wo

r ofi-AofC paskegectyge aywdke other ¢ paskazertypesdistpdaruld glso translate

the PCB_with [ i
e i S 5 s e Py 55585 Bl g5 o s

1/Q cqnpections, respectively, available. Wen the
saﬁ@nl%égé‘fﬂl'p and package size conbination is used in

conjunct.i i .

o e Pt PSR LS WIS s
Cco : - . i :

o 85 557 kR i gt o
128veh i Rbfing FRNE S bbhding HER @losOto il I SPREE Lorikd abdadhrther away

may be available for a specific conbination of IC

ChiRm MmO Nt AEfp-aMest sRortdireishdna ®k agel ®icoenect the IC chip to the
bonding area. This may result in significant cost savings by reducing bonding time,
especially when expensive metals, such as, for example, gold, are used for wire bonds.
As can be seen in FIG. 12H, various embodiments may utilize a combination of
routing outwardly and routing inwardly. In some embodiments, routing only outwardly
may be used, while in other embodiments routing only inwardly may be used.

Although various embodiments of the method and system of the present invention

have been illustrated in the accompanying Drawings and described in the foregoing

Detailed Description, it will be understood that the invention is not limited to the



for the HLA package DyRef @iyt {2uné 2009 821082009 LPCT/CN2009/072030
pur poses. These nunmbers should in no way be construed

as a maxi mum nunber of contacts possible. For exanpl e,
depending on design variations, the nunber of 1/0
connect’ions that may be available for 5x5 mm HLA IC

. e I hi dth ' . .
DRKABRRAN BB T o R TR S Rk Eutons and
Fl 2H. .1 i at ) .
b RUE ARG, SRR RIS APy THGESR A o

for conmparing three 5x5 mm | C package types, the
~significant increases in 1/0 connections of the HLA

| C package type over the other two | C package types
listed would also translate to significant increases
in other |C package sizes, whether greater than 5x5 nm
or less than 5x5 nm [58] Referring nowto FIG 12H
in particular, the enbodi nent shown utilizes netal
traces to route froma bonding area to a contact area
di sposed outwardly fromthe bonding area. Routing
froma bonding area close to an IC chip to a contact
area farther away fromthe I1C chip allows a shorter
wire bond to be used to connect the I1C chip to the
bonding area. This may result in significant cost

savi ngs by reducing bonding tine, especially when
expensi ve netals, such as, for exanple, gold, are used
for wwre bonds. As can be seen in FIG 12H, vari ous
enbodi nents may utilize a conbination of routing
outwardly and routing inwardly. In some enbodi nents,
routing only outwardly may be used, while in other
enbodi nents routing only inwardly may be used. [59]

Al t hough various enbodi nents of the nethod and system:
of the present invention have been illustrated in the
acconpanyi ng Drawi ngs and described in the foregoing
Det ai l ed Description, it wll be understood that the
invention is not limted to the Date of receiptt" 12
June- 2009 (12.06.2009) PCT/ CN2009/072030 enbodi nents
di scl osed, but is capable of nunerous rearrangenents,
nodi fications and substitutions w thout departing
fromthe spirit of the invention as set forth herein.
Date of receipt., 12 June 2009 (12.06.2009)

PCT/ CN2009/ 072030 [ 1 ] 1. A leadless integrated
circuit package conprising: a netal |eadfrane having a
top surface and a bottom surface, the netal |eadfrane
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[4]

conprising a plural iDage obfectipt: i3 Jvat 2008 (12 8HAPAHPE T/ ENZA0H/R72030
top surface to the bottom surface, each of the

plurality of termnnals conprising a bonding area at

the top surface, a contact area at the bottom

surface, and a netal trace coupling the bonding area

to the contact area,; | iJp. opunt ed on the top

surface of the netal WJ%eﬁﬁ% conprising a

plurality of bonding pads; a plurality of wires, each

of thel pA Wadled itepfated ciesittpaokipd compasingndi ng area and

a bondi ng pad; an encapsul ati on conpound covering the

| C chi pmetdhéeagframehating etopdurfase amhalbettom bwdase, the metal leadframe
portion of each of the plurality of termnals; wherein

t he coempising eplurabity efermpingls gkiendingffromtheitprasufage o the bottom

not fully encapsul ated by the encapsu] ati on conpound;
and mwép' ¢ cach picthe plusality of torminaly Gamprising affondiegAreagidhe top

[ tal t | ectricall | i .
O e Tt 45 EpESR o SHRLL B Jougine e
tszghneﬁ%}%qggﬁa?lf#Ogﬁ%gfglﬁggqgéacul ar to the top surface of

ersetts both the bonding area

and t hgn f@@ﬁig%quglfet%g)élethg fo%lrslui:ﬁ!:é Jf tﬁf’ gﬁ%kag ?ea%i_fhi'g&lg ggd comprising a

bondi ng are trace. dl ess

I'C pacgﬂﬁgﬁid"gﬂ%nﬁi padsiherein at | east one of the
termnals Tconprises a netal trace electrically

coupl i pgRalfiPof ks, @agPoftths pRsdily bhoaenbaided 16 bdohding area and-a
chip to a bonding area di sposed around a perineter of

the | Chedding pdd3] 3. The | eadl ess | C package of claim2
conpri sing: an adhesive coating interposed between the

met al  tm ewapadaicnvempounhegrering fje 1L chifivah¢ placiligs of wires, and at
package of claim 1, wherein the bonding area laterally

di sposkedstfapomierhef eaehphihe parrélatyi%twagﬁ more of .

di sposed outwardly fromthe contact area rel at

the | CWbpicH: thecapagiarras pheielyralty h i THENEH A 40t hﬁ@é—‘té‘gapsulated
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area ofelec?triggﬁ]yd éor?]%liﬁ‘é g%onding area laterally disposed from a contact area such
that no line perpendicular to the top surface of the metal leadframe intersects
both the bonding area and the contact area electrically coupled to the bonding
area via the metal trace.
2. The leadless IC package of claim 1, wherein at least one of the terminals
comprises a metal trace electrically coupling a contact area disposed underneath
the IC chip to a bonding area disposed aroﬁnd a perimeter of the IC chip.
3. The leadless IC package of claim 2 comprising:
an adhesive coating interposed between the metal trace and the IC chip.
4. The leadless IC package of claim 1, wherein the bonding area laterally
disposed from the contact area is one or more of: disposed outwardly from the

contact area relative to the IC chip; disposed inwardly from the contact area
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of at |east one of t betebretdifiad2Uuhs20891BL.b&E00D RIT/EN2009/072030
surface area of a contact area coupled to the bonding

area. [6] 6. The |l eadl ess | C package of claim1,
wherein a di stance between a center of a bonding area
of a first termnal of the plurality of termnals and

i f d i-nal - of .
The pl drais § g Ry SRS G%hodl BuliRGH Hefrdfencen.
bet ween @}éﬁ %@&1@& 1ef pa%k%fac‘f%rgﬁ{, gg}epéin yggrfééer da of a bon ing area

term nal a center area of the secon

t er m ngk at Ik ofe of 1hE térﬁﬁﬁdl@ﬁ%rﬂaﬁemgiﬁﬁg\?rf e a‘féaa(?frﬂ cbntact area
f of the p

conprising: a first term nal urality o

term nab@plaawmgbandihgsfea_bondi ng area coupled to a
first contact area being di sposed substantially

di r ect by Theadlbel I0Vpachageasfaiaimt & whersih a distdnlb€ between a center of a
plurality of term nals having a second bondi ng coupl ed

to a sbounditg ewaiohe firstermiokdl sy deeplumilibsefaatmiabls yind a center of a
directly therebelow, a third termnal of the plurality

of ter RPRANS ateawf Agecond fi¢rmind) of tierpjuralityofdemphad is less than a
third contact area;, wherein the third bonding area is

i nt er pEdRCcH Betyeena corter ofragontashaen gf hedistapaninalipad a center of a
second bondin rea, agc? wherein the third contact

area i §OYpd the,gesp Feymmaée;m an area between the

fi t t dt d t act . 8

b The 7r B RELE A byt R R Ay <1 g o

f th j . ity. of . termnal.s having a

f our t hapEiimihadf didIFul] & bhntinh phAhY ad i holte Beaboupted o

wher ei B fi@ohQL 4 lpé?ﬁ‘g Hﬁgos@a @@bsitthtiiaﬂ% aggﬁﬁlﬁﬂa&%%@’e n

the first bonding area an the secon ( area;
and whekgdond idiin er He AeALAT té'ﬁrﬁgalk ;ﬁaﬂh g BR&&fAd bonding coupled

laterally fromthe area betvieen th I rst contact
ar ea amda $deend e acardipobedsudaantifly Arectlii ehereRBwRS S

| C package of claim1 conprising: Date of receipt. 12
June 200frd &&nid6l GObOpluPATy CRRONMAB 208 a thirfliboAding area coupled
termnal of the plurality of term nals having a first
cont acto athird:contact area;
wherein the third bonding area is interposed between the first bonding area and
the second bonding area; and
wherein the third contact area is disposed laterally from an area between the first
contact area and the second contact.are'a.
8. The leadless IC package of claim 7 comprising:
a fourth terminal of the plurality of terminals having a fourth bonding area
coupled to a fourth contact area; |
wherein the fourth bonding area is interposed between the first bonding area and
the second bonding area; and
wherein the fourth contact area is disposed laterally from the area between the

first contact area and the second contact area.

9. The leadless IC package of claim 1 comprising:
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a second terninal oMatelobrepdipgr £ June 2089 (12.8¢.200NACT/GREAPNHE 2030
a second contact area adjacent to the first contact

area; and a third termnal of the plurality of

term nals having a netal trace routed between the

first contact area and the second contact area. [10]

10. Theglseahfapof e PRENAPE! RimmbRiNVihg a#iSH @htct €a;
bottom surtface of the netal |eadfranme is selectively

et ched, a6id eHahal Sfahe phiealitpbt @imBdkhackgafsetdid dontaal area

| eadfrane is substantially even with a bottom surface

of t headgmentsuhefitsocontaconeaamd. [ 11] 11. The | eadl ess

| C package of claim1l, wherein the bottom surface of

t he et third térewod] ofithe plerabiel of derimiedly hastinhe theksd SR PEEed between
that at |east a portion of a bottom surface of the

met al the ficss cprtaeh apes andithesacond¢AMAChAEER- a bot t om

surface of the encapsul ation conpound. 12. _ The

12

| eadl ek} Thelgsdieralepeskags of Glaim L. wHeren FFC'EtWé‘]OB’o?’ffGﬁ? of the metal
f the netal | eadf ' i vel

back sGedremet sHee b SRR Fuch TR TR BT byir b P B meww

| eadf i nsid . . . |

 rov e s P SRR AR STREN A Sy

wherei p a haptom surface of the netal trace is
sel ectively etched back such that at |east a portion

of themathaheddlea¢ fC phdkapdier difigh BRARBEH (RS bowdntaiFface Bithe metal
is renoved. [14] 14. Thé | eadl ess |IC package of claim

1 conplhdidife isdeREivly ecidd bagk sl thetcht leasea parfiors of 4 hateom
of at | east one bonding area of the bonding areas;

and wheairficé ofithe Ingasitiraae peubstantiallly evérewithadlottbmauffacmef the
bel ow the netal plating is etched away. [15] 15. The

| eadl esxapBlgmokagpouwdd.cl ai m 14, wherein substantially
all of the netal |eadfrane below the netal plating is

et ched1 2wy legdiesy IG packupeof daigt bokheran sechoiig Brface qf fe metal
O g el Bt L, Ol 5k P90, 00 Pl
recel plteacf razmé] 1Lr|1rs]i%e' Oeoegncgg's%la(t)i%h %9)191% unP 1S /recnl}g\%%gl 072030
13. The leadless IC package of claim 1, wherein a bottom surface of the metal
trace is selectively etched back such that at least a portion of the metal trace
inside the encapsulation compound is removed.
14. The leadless IC package of claim 1 comprising:
a metal plating applied to a top surface of at least one bonding area of the
bonding areas; and
wherein at least a portion of the metal leadframe below the metal plating is
etched away. »
15. The leadless IC package of claim 14, wherein substantially all of the metal
leadframe below the metal plating is etched away.

16. The leadless IC package of claim 1 comprising:

wherein a width of a first bonding area of the plurality of bonding areas is less
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of the first bonding area and”an edge of a second

bonding area is less than five mls. [17] 17. The IC
package of claim 1, wherein a bottom portion of the at

| east one nmetal trace is coated with a protective

mat er i .18] ..18. .The | C package of claim 17, wherein

t he prgbaenc%‘l]evr]éulrg;aatngri al is selected from the group

conpri S ein AN GRRE Ybetvilin 3 lef j

[19] 19. 'Qllﬁe Ilsg pacl?agenoiS ec?%?iftnﬂ f%é%ﬁ%bggéf#gg:gsdgd an edge of a

sol der abéshdoRlRG Qs 1RY BlanffReNRiEs, On a bottom surface
of the contact areas; wherein the sol derable

pr ot ectli7oMh¢ BY piickaSe 54186t €Cwhdr&iat bdrody Ilﬂiiﬁon of the at least one metal
conprising: a plating stack-up of nickel , palladium

, and grkeljs mapdatiiihgpotatke wateefal.ni ckel and gold; a

pl ati ng stack-up of nickel and silver; a plating of

si | ver ,18gthel]C packape kitlaiantl7, dletkin tteerproteetite mhigtinls e¢lected from
imrersion tin; a solder coating of tin and |lead or a

ti n- al Itg/group demprisiag:sawl apexy wal dxids; and mseldel theskd or a
tin-alloy solder; and a bare copper with a coating of

an or gdft The K paskass of ¢lginpt eqmpiisingive. [20] 20. The

I C packa of claim.1 conprising: wherein the top :
surfacé Sggiefarli’ée Protesiion yas fosmed ep AppHemsuEacs ¢f the eemiprt areas;

2 e SR By Bkl o R e
| ai L.skng: ] r I C chips nounted to
f hzl {nc%&%%lg&;flﬁ%ké e%t??%g’gl P a[ymgglﬂr{m aenél %I o(it heu net al

| eadf rg??ﬁn ’Qckg%dof%g@] Q&pl%cg . manufacturing a

| eadl e egr at circult a{i:kage, conpri si ng:
par ti alylyarBlGRRUoriddkeb Mid @her;0f a netal |eadfrane

to formrecesses therein, the recesses defining upper

port i oaplagafpllverageltyorafickebh@d gdldaces, each net al
trace of the plurality of nmetal traces having a
bondi ngn ateemolytic pofmaesionain;upper surface
a solder coating of tin and lead or a tin-alloy solder;
a solder ball of tin and lead or a tin-alloy solder; and
a bare copper with a coating of an organic solderability preservative.
20. The IC package of claim 1 comprising:
wherein the top surface of the metal leadframe comprises.a die attach pad; and
at least a portion of the IC chip is mounted on the die attach pad.
21. The IC package of claim 1 comprising:
one or more IC chips mounted to the IC chip and electrically coupled to the
metal leadframe.
22. A method of manufacturing a leadless integrated circuit package, comprising:
partially etching a top surface of a metal leadframe to form recesses therein, the

recesses defining upper portions of a plurality of metal traces, each metal trace of

the plurality of metal traces having a bonding area disposed on an upper surface
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PCT/ CN2009/ 072030 thereof; mounting an IC chip to the
netal |eadfranme; electrically coupling the IC chip to

t he bonding areas via wire bonds; applying an

encapsul ati on conmpound to cover the I1C chip, the wire
bonds, saads: the plurality of nmetal traces and to fill

the recesses in the netal |eadfrane; selectively

et chi ngoanth@tdna &y forsenetal tdagframeal | eadframe to

i solate each of the plurality of netal traces, each

of t heelpdtticAlyi doyipliig thie 1@ Ichiprtadiesbdndirigrayeas viowiradbnds;

area di sposed on a |l ower surface thereof and not fully
cover eappiying ke encapadgsum catriponnd torgeyende 1Gelipathervirgbends, and
| east one netal trace conprises a contact area

| at er athe plutility of atdl treegs and fip filithryresesses 18 thmetahleadfsame:;

i ne perpendicular to the netal | eadfrane intersects

bot h t $réectiyely giching abotiomysurfase Bﬁﬁl&i%ﬁlj?aé%f.aﬂ[eég]lsog%? each of the
Th thod of clajm 22, i t.. | t t f

the | oarupr e Gieeticatt RhPep P8 Herd oBtbmafigdpniact

to b bst ant i al | ' h

(0.0 GHEANRT T alobppiratt hche R BATAVESB0R /g e
conpri éﬂ&gsu#ﬁ%g% Quf:RhQt ective coating to at | east

a portron o wer ‘surface of the netal traces.

[25] 2Q@nertieat MBENGHE Rétalh-Re Romprisebhieioftadt 4B&laterally disposed from
protective coating conprises one or nore of a

resi st h yendixg stea Sdtthttho 1de prRfeXYicaRatd thg meddl deadframe intersects
protective ink. [26] 26. The nethod of claim 22,

wher ei Both tiEa¢dntaenares ahdthelbohdiapassar f ace of the netal

| eadfrane is etched back to be substantially flush

wi t h a2hdfheonetbert dfadamc?2, whereir atdeass alpartionrof ithalewer surface of the
[27] 27. The nmethod of claim 22 conprising: wherein

t he | Onell prages araxiehedbagk tabegsubstantiallyflush dvithy betia surface of the

netal |eadfranme; wherein the die attach area
pr ot r utReePFHAiANdaYsEt t om surface of the encapsul ation

If ?grenr t ﬁ‘éf]b%t%{l%ﬁ‘!"iﬁtzﬁﬁée (?ontlgnesiﬁ:g(:)nt act -areas protrude
applying a protective coating to at least a portion of the lower surface of the
metal traces.

25. The method of claim 24, wherein the protective coating comprises one or
more of a resistive oxide coating, an epoxy coating, and a protective ink.

26. The method of claim 22, wherein a pértion of the bottom surface of the metal
leadframe is etched back to be substantially flush with a bottom surface of the
encapsulation layer.

27. The method of claim 22 comprising:

wherein the IC chip is mounted to a die attach area of the metal leadframe;
wherein the die attach area protrudes from a bottom surface of the encapsulation
layer a first distance and the contact areas protrude from the bottom surface of

the encapsulation layer a second distance; and
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wherein the first distance is |ess than the second
di stance. [28] 28. The nethod of claim 22, wherein at
| east a portion of the |ower surface of at |east one

' - h | ati
corpounitingfe S5EASARRAE foss B e 1t PnT 9588 o1
par ti aljgy é g 0"1l 8&%? Qae!;vh&@fn a%f)f%éﬂdg)ﬁ %ﬁ fheQbwh Girface of at

net al Iea rane; I'oiM ng

- encapsytat b&nrnemgéérlg ell%ﬁéd"@a%ﬁ nt@@e fﬁ@%ﬂéaﬁs@l@ 6 &Fipound.

[29]

(30]

and the IC chip via the channel to provi

encaps WoaTh® me AR e o coh%gls@ ed and hard to reach
‘portions of the recesses. The nethod of claim

22 corrmartsaﬂm@tchmgtgcﬂaahemgtota’tep ked@igleas shd ﬁeﬁﬁ&l&@ﬁﬁne and
froma multi-unit |eadframe strip.
flowing a portion of the encapsulation compound between the metal leadframe
and the IC chip via the channel to provide the encapsulation compound to
isolated and hard to reach portions of the recesses.

30. The method of claim 22 comprising:

singulating the leadless IC package from a multi-unit leadframe strip.



