TI TLE OF THE | NVENTI ON METHODS FOR MAKI NG

SEM CONDUCTOR PACKAGES W TH LEADFRAME GRI D ARRAYS
CROSS- REFERENCE TO RELATED APPLI CATI ON [ 00011 This
application is a divisional of Singapore Application
No 200202206-9 filed on ril 2002. BACKGROUND OF
THE | NVENTI ON [ooo’éhTLﬁw@Fﬂ}Pé% YENfN@Nti on relates to
grid array sem conductor packages and net hods of

ass e M THODSFOR WA KAN GrRENMKEONBIICTOR PRCKAGESAVITH he
present inventi on LEABRERSMREOGREAAMRRAES for nounting
a sem conductor chip for encapsulating to forma
conpl ete sem conductor package. The |eadfrane

i ncl udes | engt h,
wieh of s SHRGHS: ?ﬁﬁﬁ&@?%ﬁﬁfﬁ&mﬁ%ﬁl’i C?%J{ﬁ&% t he
supbere mﬁlstabﬁldwsﬁ@&Qilv1&1QQ£l%$s§%Hp&e;t\ fiédion 81 208202206-9 filed
dies are typically enclosed in sem conductor

on 1a4pah¥i02es, or packages, prior to use. These packages
protect chips fromthe conditions of the surrounding
envi ronnent and provide | eads or other connection
points, allow rgn@KEREUKND @FTﬁEeFNVENﬂ(bN accessed.
Packages have typically included a sem conductor chip
bo[ﬂ@@bl] t dhapiesend invantion relates ér gridsarmy semisonducthir pagkagkdlasd methods

irec to.t Iead in.a. leads-over-chi
F¥al hl& %{:

Lo
of asgrmbling I parfichlggy eSS esH B s fplsadtiames
for nﬁfuﬁtlﬁ@?&nﬁ&?xﬁﬁﬂo? hib Yor“eﬁ@d’iﬁﬁl‘é@@g th orh¥conibife %1%1{d%§tor package.

wi rebond fashi on. The connected | eadfrane and chip
The laaﬁretnhﬂnc]pd@cae;dunaht}mf theids havang 4 siméad engtin od theaffsettagely pads forming

.a nold co m a conpl ete package. The | eads
ag“@ﬁfr@hﬁng\ﬁ% fltﬁee °5f6$ed cormpound, al l owi ng the chip
dﬁ@3]e| Eﬁﬁdoﬁ?‘{létéfc e pa-%r'?ﬁhﬁ'}aéﬂc%sec; ﬁg?ﬁxg??%tor assemblies,

end atera yfr age In a
or pamha@b privy tdeset I’E}ﬂsﬂa;dacha[gés pastere dhips fromathe esiditshs of the surrounding
conforgrg{jl on, [.00041 As el ectronic deV| ces have
envirpagiesh P’ioﬁld§| loads Oamﬂ&r FRPREEOR PO S IaWEaR SHB 7 g clectrically
acce%g.hﬁgﬁ ghae @@%@9&%‘&&{5 sgxtu@?n(ﬂl@%? cﬂ?%nh' 0 ta llé%h%ﬁle, either

et ecrea rea rea

seatgdedlia diechatidlei orsiiretily tothe déads dina idadiever-chie (“LGCK aghdtgnent. The
such as a printed circuit bhoard. _Flip-chi

contpctgads P theciemigongugthy piepse H@naﬂe@mqall@ Fp@m&%d@ the ghipby wires in
h
w1reg<?1§ﬂéﬁasﬁl oh eﬂL ecl%lnnTe édafegd an alttl(?le h| %'ﬂ%ﬁ nﬁég]c%dsﬁ”gemglzlt cavity and

sli arger nsions,
encapgiilated itca‘:‘ﬁlo&i mﬁfﬂﬁxhdﬂxﬁ form a complete package. The leads extend out from the

mold compound, allowing the chip to be electrically accessed. Typically, the leads extend
laterally from the package in a flat array, which may be trimmed and formed into a desired
conformation.

[0004] As electronic devices have decreased in size, alternative methods of assembling
and packaging semiconductor dies have been used. These methods decrease the “real estate” or
area that is required to install the die on higher-level packaging, such as a printed circuit board.
Flip-chip installation of a chip using a ball grid array (“BGA”) reduces the real estate used to an
area the same as or only slightly larger than the chip dimensions, but introduces a number of

difficulties and shortcomings into the manufacturing process. Attempts have been made in the



difficulties and shortcom ngs into the manufacturing
process. Attenpts have been made in the 1 art to
provi de a sem conductor assenbly that includes the
benefits of a flip-chip type of attachnment while
keeping the benefits of_ a conventional nolded package.
art tq prosle mspgricopdusion assemblyothay Hisludey they bmqﬁagz%ﬁtfbpaﬁ ip type of
oo LA SHRACEIRE YAAEARS S R MMB R,

sSYppd3]esMany bidigysts f conﬂﬂx&ﬁfmgr&g@faytdhtd I ofdedpsdkage have included a
assenbly. Leads not only furnish el ectrical

leadfragimesca componany of éhes@mrpipt@\ﬁs#@ﬂaiy pairvesdfiegecwnplirsta number of

advarrﬂg%g tot iftish &ﬁggg@blgr eLe Sg?to(%lixéﬁuﬂ egE%(r}ggP!éoﬁ?leﬁbons but also

provide 84)Zth4@§ td 5&1&@& l@@ﬁﬁ&’ﬁ 3pagkagé WileliR operAli GO rEx s of some such
U. S. Patent No. 663, 593 i ssued Septenber 2, 97 to

packagss a@f@meﬁ iel. SaPatemtIﬁ@ 5@B4s7c45§9mued Decengler 8, kﬂ%\m Menteghi and

U.s. PO BRIty BoRPEA” ol P 74b it o isciosure of

each B Whlth§ﬂfde§ce@Bﬁ réf@%ﬁcegh i eﬁﬁfeﬁy Berbiatrhade ﬁ‘ﬁénﬁ‘ﬁe directed to

assenbly to be nounted in a i p-chip fashion. These
asserpllins isiluding bcvtb lefadframes dnd batl gad Iarrmgs thatalawdheassembdy takiegnounted

i e 1R TP ST s T AR ol i o

leadf?eﬁﬁ@&iﬂ Bald1© vafebbAEing fh@dfé’cﬂ @kéqéélfs afMl Sla@fflad BagtuRn, ﬁfcﬁ asamold
e |eadframe. A soldermask is then —applied to the

commplpdsoweetlkaemlqwhdmdﬁ@ dieandf thadie, faceaf tholeadframe A solderdhask is then

o8 B BB 4 Bl R e ASH85% HoBBR G Hhibhpes. Solder
balls%8 &h@%&e& lwlﬁxﬁi/ﬁéﬁelek e RIRARKARSS, the conplete
structure of the flat |leadframe is protected only by

t h[086) daYithathksexoldeneagi-aweredendfrand packages, teaeompiete structure of
i tional, | am nate | ayer t t he .assenbly,
the i atFraa Bitericel 4y B dhcosldeamsdons S il 108 ofdertfesk adds an
addnnﬂ‘laﬁai’mﬁat@ Edto tl%@a@k%hﬂg Oﬂrgﬁdﬁl | d&fidR oS ok gﬁt’ghﬁ’ag contaminant
n ad

hol es therei tional steps to pacCkage
and haeistureattiyo \pplying tha soldgrnmak atﬂdafotmmgtﬂgje loadedt theraimchdtl dditional steps

opportunity for error. [0007] U S Patent3571 , 593
to pagkhpe élamﬂssen?rgwm&f %@ qqsts angdlae opnerpRISY {05 cyFor-
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to resol ve these shoricom ngs. ["'eadfr

22, W00 archpttively do Kamue) epuesent axdateemp: ito geswlveehése mli«sncoﬁhﬂgs A flat
ackage is then encapsul ated, in two steps,
leadgﬁea&saap chedfigya soneicRIiuBtoR At UstG Vs honds- e gickagieis then encapsulated

in two es?e?)fé :(ﬂfgt%rel 3 gulﬁlnx?%‘[tglp g}ﬂp ({1 ﬂ% cﬂﬁ s1&etb?tﬂeqéﬁﬁlr i ar call E)fti'e %ﬁgpsulatmg

the lee@tHémarrﬂn the lartbo Gtepg ik molcbihcldnm bahlpevwiiible cortactsthe deadframe,

be accessed. Sol der balls may then be created in the .
producing dimples that allow the leads to be accessed. Solder balls may then be created in the

dimples.

[0008] By placing the solder balls into package dimples, Kimura-type devices introduce
additional problems into package formation. As the molds are reused, wear can erode the surface
of the contact bumps, requiring replacement and preventing contact with the leadframe. Mold

compound that intrudes between the leadframe and a contact bump can form a resin film that



di npl es. [0008] By placing the solder balls into

package di nples, Kinura-type devices introduce

addi ti onal problenms into package formation. As the

nol ds are reused, wear can erode the surface of the

.contact bunps, requiring replacenent and preventing . .
requiges feeval\gr can inkgrfere mtgﬁﬁlecmpbcon@mu d%mqva% of this thin film is
cee At . , ranme and a contact bu can
diffichflab 118 PecBREUGERi BE il mp

rma resin fi equi res renoval or can

| rjoeedler B.8\Phtent 6. 5c8650939iigsakd E€HI¢ L 199 t68KM ¢edl., @e disclosure
this thin filmis difficult as it I's recessed within

of whigfeis dngespasated heroipdy refessnepin itsantirgly, isdiswddg gngtherserticonductor
b ry. 2 9 4,0 Shin et ,al....the disclosure . of .
packigt obfsthe’s B MR Shdr dBiipe 1A SrBIRRBORI fighle reaturing o

semi€@iHdutef die attachdd trdeailrdnte. AMILAS oS1BE1AAMEHE Arebent, causing the lead
package including a BGA. The Shin-type device is a

ends setermamatert e ouriaeeo dipepackageurliha dead endeare ciserodomn a giid array. The

pos BT ST P R TR S R e ot s
Shin Sy @& thuk hevPRakpteleadd 6 diffé&%geleﬁgthﬁrﬁﬁg aftodh they fsultin a

agrid array. The position of the |ead end is
relatiyelyovenkerctirugture, las ré¢inforeement fromethe &eadframe maydededused compared to

of the | ea th. .Shin- devi c t hus have
peckgsrtIre G dsh 451 OGFPHEF 1HGh SR irovey e disrskess. dyther. the
varicd98ad fengths #ha r&hﬂkéﬁﬂﬁsk Xigﬁﬁﬁffﬁ{snﬁﬁsﬁ&f} eYfeRiall?$n higher-speed, higher-

reinforcenent fromthe l'eadframe nmay be reducef

frequsnerpdaveatst Addipasdlygimghelkingypdimckagrd shasemicdndsicior diais connected
to th%é??ftéagne?l tg:gca{g#gﬁt ﬁé) 1&%%5’]@81:5%3 %@Et%gﬁgﬁg&sratdgl%rg ’fabtnfg:gtion steps and

matekigBNSM ssi on, especially in higher-speed, higher-

frequency devices. Additionally, in the Shin-type
packages, the sem conductor die is connected to the

| eadfrane thr .- ebondi r_j.oints or
bunpi ng, thusq@@ﬁﬁﬂgjyggﬁﬁggsfaiﬁiﬁg%gﬁi mat eri al s.
B U T: E [ T .
CBIOF AR Oy THEAINENEAGRL | ARRATOR AOBRRRY o i
semitadhictoatpankpges,eon awserdblidsor Opaaipg ef serpicoadrestdss@nbly includes a
&he %g %&dseniconductor assenbly includes a
leadiFeine it Jea ifeAURE S Ol seh POFHOR gXBered it & sirfase of thgrpackage to form a
. sed 0 f t I ' .
o 4800 0¢ S, SIRHENS B REHAGRY B3 Bl B hitonucaive o

condsinoi-filed spdxdemagp be dispased o€ forined oh each@rgoset portfonltb &tm an array of

eggﬁy, may be di sposed or fornmed on each exposed
soldgyhalls, o othisr ¢amnegtion spetytes dp a balb grdarrayATBGA nr sisrilps array structure.

Senié?&rﬁalﬁ%} Q&e&l&ﬁé&cﬁl ?ﬁludieré l@adﬁaa!n{e \%érg a3dads gan %%r )oor?c[ end wire

ar array structure
bonded or thermocompressively bonded to a bond pad of the semiconductor chip to enable

electrical communication therewith. Leads to be thermocompressively bonded may include a
section proximate the inner bond end with increased flexibility to improve the

thermocompressive bond. Leadframes and methods of forming semiconductor assemblies are

included within the present invention.



Sem conductor assenblies may include a | eadfranme where
a |l ead has an inner bond end wire bonded or

t her noconpr essi vely bonded to a bond pad of the

sem conductor chip to enable electrical conmunication

therewith. L s .t be thernoco reSS|veI bonded may
i ncl ude a %ﬁEEPFﬁC&JPmlﬂ an “Q-S%i:ﬁ end with

[ s [
RO L ity eat st
the idventionag sem conduct or assenblies are included within

theofresent i.nvention. 3 BRI EF DESCRI PTI ON OF THE
NI d g p crigway Eespeaiive yiew Q\ﬁﬁl@f?nﬁ@éi@@tpﬁé sgyaigpnductor

sl B b\ SRR e =
enooIB)"ERIG. 9AA igla $12W oTaRA dlérhative eaftRaHMY of@ﬁﬁralylﬂ)ffset in accordance
accordance Wi th the principles of the present

with thevpsineipdas. ofﬁlmgqenﬁn@pntm is a view of an alternative

© TRRET Blo s RRuBRpE iR VT bt feBT Of H8 Bboitehtof G 1
a mulwlam@ I30i§ a‘de?WeQifof% Ba8ridorag fpat %mae% a&eﬁdaﬁée with the
[O is atop viewof a ball grid

Princwlcmftb@pﬂ@a@élmmeon n accordance with the pr| nci pl es

f p ent. i nvention. 016]. FIG. 4 i.s a, cutaway.

PG DRETY 5s st Site a0t R ssetohi heArpugy cibodiment of a

semi&SHAueBh Qéé&tnglf'y A&REABErIRIE with tﬁé:ﬁl@ﬂ(ﬁiﬁgé:@f he bfbs&ﬁ er’nventlon

principles of the present invention. [0017]

a B0ld vFHw 5ok apaletviof ofipdreafth lshd bﬁﬂaeenibodhmmnbf EIIG 4

FIG 4. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0018]

Reference will now be nade to FIGS. 1 and 2. FIG 1

depi cts a PGESRAGEDH YESEY ?Y@NO’F?HEWH@%@M' ment

of a sem conductor assenbly 10 nade in accordance with

t hO18} | Refepdnes wifl nohebegrmadetot FIGSY éreind @n. FIE. G.deBicts a perspective

cuta RN A6 A GRoGHBenteT 'a%eergéhﬁ%va?é@%eéﬁ o i agprdance it the

t .
i L85 A STLSERIE! 1 L0102 SRS g ion o e
emb@dlnﬂdt‘tﬁ“ﬂ@ﬁl & eriedindhéior ds@elhhl@ 10 &gl wdes d sericbndlictor Bltup 12 attached

e adhesive element 16 is an adhesive strlg such
mg

in le%ﬁswabp@pé Lefde”)denhion to @ lead e A b an aghesiye elmgat 19- In 1the depicted
emb&éﬁﬁg%ﬂ e gcgﬁ:%lglp \l}!:ieenlletnt % l; 1£ aQ %dﬁ&Weeﬁﬁ&t s%gh talé] A dAB-sided adhesive

polyimide tape such as a KAPTONUJ tape, but it will be appreciated that any suitable adhesive

may be used, including a liquid or gel adhesive.

[0019] Leadframe 14 includes a plurality of leads 18, such as leads 18A and 18B.
Groups of leads 18 are organized into lead sets, such as first lead set 15 and a second lead set 17
on opposing sides of the longitudinal axis L of the semiconductor chip 12. Within a first lead set
15, the leads 18 have substantially similar lengths, running from a side 11 of the assembly 10
toward the longitudinal axis L. Each lead 18 comprises a lead shaft 20 that generally runs within
a first common plane P1. Along its length the lead shaft 20 includes an offset 22 formed as the
lead shaft 20 extends out of the first common plane and then returns to the first common plane.
The offset 22 may include an array pad 24 having a flat surface, although any suitable array pad

design may be used. The array pad may vary in width or shape from the remainder of the lead.
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may be used, including a liquid or gel adhesive.
[0019] Leadfranme 14 includes a plurality of |eads 18,
such as | eads 18A and 18B. G oups of leads 18 are
organi zed into |l ead sets, such as first |ead set 15
and a second | ead set 17 on op£@3|ng sides of the

For exgmples BHT-nla) skovyssan assemblyd Odeie mdeadsrw@hplpcqaz array pads 24A,
whlcly\é%h%erhs fqr%rnllﬁga? lge%rb‘é‘lll]}?‘ﬁre“{]r uﬁSﬁl‘ ﬁ% &1'9 8rra§épadsg4 oiﬁle various

leadsOf§ Hé Wlt&&ﬁ@@@dohdlﬁnuﬁ(ﬁil\@lbﬂe taBoligghill dardiong ¥ich ds two or more
Each | ead 18 conprises a |l ead shaft 20 that %ener ally
separﬂt@rp;@nmlqrhplﬁnesanay b@,tlsedcfmm@calnphcratlmns Alt 3l ietasprecwted that the

hthele an offs 22 1.0
teadteERY b6 a P&t Lot oGPl R s, Gin B o those
skillddl ia fig: &1 GndliERg ARIIAKE, dogpéﬁb&\dfaubﬁst therRT R Wwéll mmusﬂ.rm)ys

of fset 22 may I ncl ude an array pad 24 having a f

suli0p2@je, Inatheharnlordiment @pﬂq’t@tbireFIaG r ylepdsd18 pm;wgn fmmy side 11 of
moldie, GBI Ep i SPHESUER S Seihly o daenBe [acermbtes 10 in

accoRIBRYSwiR tﬁ@ gﬁmﬂ)lﬁés %@fhé Preldsd ﬁﬁ\&nh@ﬁaq{s gy tHe éﬂ'vﬁlﬁh%é%ﬁs to produce
array pads whi ch ‘can be useful fof formn

leadfsaphel bt astmlle ofa IllhIBb@'IOIﬁ lea@irgnesaldl on a st Anumjoexpﬁdsseﬁmbhesf 10 may be
t he, vari ous &SS 18[| V\Athlnasec

fabrfgh S, TS RO 10 BRE SGUERCAD TP fbiPe Protruding

lead §ﬁ‘d%alr936fqe£f§ mﬂay%ﬁﬂ@ﬁorﬁﬁﬁc}pﬁeﬁ&@&{ué %lte?ﬁeﬁﬁ/'efg" fead ends 19 may be
applications. It wll be appreciated that

tnmm@ﬂﬁshamrmderﬂd/ Bmbodinentsutteecithe fead rpdssif a:rahhoéosedmﬂmﬁhe molding
no ent i,n th ur e, t hose k| Ile
compyaAg A iiso ?q%qrfeﬁﬁfﬁg a%m&ﬁanﬁﬂwoes a{)@lﬁ incgtion, Py ey e somewhat
f I
moré Jiﬁfc%ﬁ to ﬁt%n\@ﬁk h%gftﬁM@P%vﬁﬁﬁgQ?(&:mJap%ﬂ%?t%? rt{l %Ep 2r,(1)er%ds 18 may

mbodi nent depi cte eads
also mtd@cohﬁuctfheairfncbrd assgmbbndodunithg dberations EMhedeatdu 8 tacerall of substantlally

S Sfedip oBE EA SEaF gh mr f e v
Mo g st —

endsSI9r mpreas‘é thel rxbfhty of leads 8811 ¢@rludttheabiftommethe hsdambbal & dn@éasing the
trip, which assenblies 10 are then separated by

POteBtERI f\“??éloflﬁélfépfﬂﬁ asyolly 1@ ng | ead ends 19 of |eads

r I r r i | v. .
FELARY) TS A SRUSHEDNR, BESBRANGS A BEORENE S 12. 1 i
depitted ebodificat, Vlrhﬁ:l’oﬁnéchen |seacbngiidhedt vareboadiag 0A gold\wr Alinium wire
t he nol di ng npound 26 are al so contenpl ated as

bondyzy eaneethan §’é‘§b‘é°né‘fen€1 33 of eackAradds§ to p b@ndmﬂ BeondBerpetivgsurface of
the s I;eg% &;IC él u'hlle &78 fbg&i ? aﬁ.be Ifgi'ét%% a'cleg%h}gﬁ)lg E%Xﬁﬁqm%gvn to those

COﬂﬂEC 1 on

skilla¢ tin tie &0ndUwill bea f)ﬁ)rédﬁ@tml &ﬁﬁeﬂ?'sﬁltélﬂe dléciriegl @cﬁﬁé&tdno Buch as tab
The leads 18 are a of substantially simlar |ength,

bonding wRg cepdestive frages saried 10 andlexible xdieleetrige films orhthe  direct
therm: n%l:ompreysnp botnlamg 0 tan Yifhier bond end 23 of lead 18 as discussed further herein, may

be used and is within the scope of the present invention.

[0022] The mechanically and electrically connected semiconductor chip 12 and
leadframe 14 are encapsulated within a dielectric molding compound 26 to form a molded
package. One surface 28 of the molding compound 26 lies in the second common plane P2 of the

outer surfaces of array pads 24, leaving exposed at least one surface of the array pads 24. In
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surface of the chip 12 to be in contact with and

accessi ble to bond pads thereon. Exposed |lead ends 19

increase the ability of |eads 18 to conduct heat from

the assenbly 10, increasing the potential functiona

life of the assenbly 10. [0021] Leads 18 are .
formigg dha gssembply 1 0 the praweeiad senicordusionriupl d aed lspdizamel 4are placed ina

| i . i i t-o- tF cti i . .
mold By S0 S HUTEL iy BORATH 0 et i molin

compaand 2@ v foan tiecdotpidie moldzd phekade 6fdlc 23e@blyddC h 4 @rebndl$ preferred
to a bond pad 13 on the active surface of the chip 12

embadement, the mplding PEogsends Amngtey Welding psimgby Hgone particle-filled
| n h Y N ar | t .
AP RTER TN AR P g e b cavi,

resultifgin@hé mollingdddtpoad sidtice DY RidNg inShe Mime @AEiHoh bléBe P2 as the array
traces carried on a flexible dielectric film or the

pads gity As 8 molding peseparpd@s sniges thomgldrgvisies asa flow Eponmder lglipressure

and €3k AP0 B SE It B0 26 Ry g o oy
pads P@@r@ihe AR comR mb@?glsurfa&féd DRbé&difig Gredhk YhiSlaREESH R Im, it may be

sem conductor chip and |eadfrane 14 are _
necegsatydp slepmthe dilmiftom the array pads 24 it¢ dlavpariélegiriend aprogeiiorte be made to

s R L B e o
may &dquirb ehat @ ¢h&hicalltEPEESerrmed (Pdkpdsdithe Sdrfade YA Wray pads 24.

exggsed at | east one surface of the array pads 24. 'In
5 09238 nPesitablygyelvnieof elEctrichlly canduetieannteratisdlaamalisposad on each

o e o A P B RSR  enF FEbtinc
highé'r?glbgég gaaﬁf( gRIcHIaNG cil"e’:ﬁffpb%!ah’ﬂl:?i 1%61}101& Geﬁi%ﬂ‘emﬁdﬁ:&:ﬂﬁltﬁé €onductive

ackage of the assenbly . I'n a current
attachmefitematedal snthodinrasntolder fhellsrdD dlispysqt on dlssaray padarh ekt will be

| di [ il e particle-filled .
appréphiiB 48 Bl grrmcally sendycriys Tterisl Bowr npWeor infhe future to
thoselskibQTh AfdarBm M6 REG IR bisbRE: d&ﬁgctﬁz@}é%ﬁ&ﬁr%tsi t{)] d tgg gnsesbﬂbly tobe

t he nol di ng conpound surface 28 resi t he
attachedmduitableacomdB@1vasndtérialinchye tindeksl @ider Adecaricatly dondpctive epoxy,

cO u 6 enters the nol.d cayities as fl ow front
Cond&ﬁfggﬁ?y-ﬁﬁa AT olfercPuutahis eatially AndRIiS mtepie)that may be
fashiohb @I a AfscfER! DnBSctRR TRAMNA by ﬁxo@@)‘f %ﬁgﬁbbﬁél\fvﬁleﬂﬂ? HRE Examples of

array pads 24 and the adjacent no avity surface.
suchlbweeic comyluotive ¢lemeits oichels solifr bails ahd konductiveeoturhas or pillars. The

necessary to clean the filmfromthe arr, pads o .. )
elecf&r:?@wogﬂx%}vsml?% may f Aiseptegwpen thsacsrsyiRicaay BG4 by disposing
-
mas&@?ﬁ %cﬁléecr éﬂ-gg'tg ?P%&%][Ah{ag gﬁfgs?’frogg\g%’(g stﬂgﬁldgrtﬁ&% %oqdé'ﬁ(;/ fbrm solder balls.

SuitatdejtechEiquésafor altertntiv sabctates kndven pethbwer skiltbdtin tlexpaasy similarly be

t surface of the arra ds 24.
used. teis also contemplatedtghat a Z-ax){s fn?sotropically conductive film may be disposed over

the surface of the molded package having the exposed array pads 24 in lieu of using discrete
conductive elements.

[0024] An offset 22 may be located at any position along the shaft 20 of a lead 18.
Desirably, leads 18 of a first lead set 15 will include several subsets, each subset having offsets
22 located at a common position. The leads 18 of each subset may be alternated, as shown in

FIG. 1, to produce four rows of array pads 24. This places the array pads 24 of the first lead set
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[ 00231 Desirably, a volume of electrically conductive
material is then disposed on each of the array pads
24 to allow the assenbly to be nounted and attached in
a flip-chip fashion to higher-|evel packaging such as

a circuit board. In the depicted enbodi nent, the . .
15 at SRt et Ot R BRSPS S rererda At dipfrasi L, creating a
grid #8lyl ot gidpased on the array pads 24. It will be

appreci a ed that any suitable electrically conductive

ma{lOﬂZS]aI FKhoiwdepiots, a oop iviewt b€ af seimicanduttor asdearhdy 40 fabricated in

o3 BT b . COFTLE RS St

dlspogi:'% LR Sx (?%@&i Wy a%s Qﬁgrﬁft 'V?skl'ﬁe)' ﬁﬁ‘}nﬂ%} l;a!lliyrid%?%rs phg Ehbodiment

trically CO Ct I ve epoxy, conduct

of a depivablle grid anryy iotlEsicted. UBy pbsisortih@offsetc2y, by e@emﬂmhcr wfrows of array
mat eri al fhat may be ashigned into a_discret

padsgg, ﬁw@gn%aremngmwnql Aeis of ermtaslieg haf he §Rﬁemb13f 40, phich may also
servédsh: celgéﬁﬁ[ig lo?ﬁme(l) adfr?gﬁgg ﬁg.h& géﬂgitﬁgl%(ﬁl%{z)g Eﬁxﬁ) 1%¢ E?IJ:I%E? Bf Sws is formed

I nclu sol der con Ive CO

by a Kﬂr!;ﬂ laads set Tisehavigesubsian@dllyyequanibugthl wethnié emdlalﬂuﬂwwb gormed by
disg@sed upon the accessible array pads 24

subsefs g Withaisayads 24 al ErmemmRqsitions éﬁd‘tsﬁ’éb%ﬁ{ gbgye.pWdthin a set of
o BB oM BB, R L i o .

will b@aﬂﬂﬂ&ﬁzﬁe@’tﬁa{ iu@ddelsiied hemBértof i&wys SrePobsiblk ¥ind) ehat Hl&deiniehts which
is al so contenplated that a Z-axi s ani sotropi cal

lack agaiforan reMs sEpgthteriaayns of s pl@yg@du@v@d pattera agqﬁlﬁcap@s@fle All such
embécﬁ%eﬁ@ fap'e Qltﬁgﬁé‘? %gpg ?Hh@ %6 8% cl gsed array pads 24 in

I'eéu of using 1981 enent s. [00241 An

of f08e6] 22rdmihelTerebomaldest hoﬂﬁt’caﬂfb‘élséanHatﬁh@ﬁl%cﬁ 6s of the present
shgft 20 of a Iegg g @swa ly, leads 18 of alhflrst P

inventigngesdtin asemjicpndyciarasssmblyanednding 8 lepdfeanse havingrsubsitngially the same

ition. Th
tengfdidR i b Tt on By s e aF L Rl B p S i fE s molded
packE%é;lL Shch tafl REREBIG Ghal QUhurhBASoOhdvah#a s, @&qﬁ’dlgé relIme?y small size,
aces the array pads 24 of the first | ead set 6

enhase:déleat cotiladtioneanobossistroctuteaind impropedscalingief the assembly components

ﬁg’ﬁﬁa t[oﬁgiigg 391%{30825181 &ewsoﬁrégﬁ%%ti%nlgapﬁ%%ﬁ% ipegfihent of a

semléoﬁﬁm& ARLHBP60 AREE TR oiAndeaRii fR PR ciplks of rd@BE Rvention is
with the principles of the present |nvent|on urface

depidtgd fAe semicesdus toir dhip G245 dtsached todi lsbsleaf adeadftameddppisted as a section
array. pads 24 (not visible), faorni ball.grid
of nlphifinBdied b adhesTvecerhin 681 LOReChip Titigfr 45 deseribed above,
withd8&Je6t 8FIGBY1 RSB tdnocfffs@97?f1fc§ﬁ§e§ art array?pad rﬁ)@k’éﬁqﬁfo gﬁ molding
rows of array pads 24 are I gned around | ongi tudi nal
compoirsl Zf orc aifaee 78 néoldenbalisfﬂi) dnspmndb by thkDarrayhpaclk 7deyeate a ball grid
arra}? | I% %ill be appreciated that structures and features equivalent to those discussed above, in
connection with FIGS. 1 to 3, may be included in embodiments similar to that of FIG. 4, and
insofar as there are common features, the prior discussion of such common features applies here
as well. This discussion accordingly will focus on the additional features of FIG. 4.

[0028] Lead shaft 70 runs from a side 61 of the semiconductor assembly 60 towards
inner bond end 82 directed towards the center of the assembly 60. Inner bond end 82 is directly



serve as a centerline of the |eadfrane 14 and

sem conductor chip 12. Each set of rows is forned by
a first lead set 15 having substantially equal |ength,
with the individual rows forned by subsets of |eads

18 with .arr ds 24 at n posjtjions as.described.
thermggtiaresyi i ohndrddan bond bad G0 aedahs longindiin BF prighipgine L of
semi¢dX@@EBLHp 8% mal to the centerline L and a distal

outer row 46. It wll be appreciated that any desired

nUB29] oFIG. dvdepatsethp bemdioBlof FEG.AY, aHawingrimeatibordiersd §hiodde seen in

S T Ty & e TCHRA T (Y P —
STy IR AR TR pond e

subjected than gpeopridtatheiniopiprassiv Effect 0T o titeinpds ths ebility of the contact pad
invention result in_a sem conductor assenbly includi

90 infoyygg thenopdHansrhgnd E%QQQWW éﬁsrrﬁbly H‘%?l‘é%'?@ argaof gtcheasednt?exibility
adj aéﬁgf%ﬁ 0 %&&%&ﬁ%ﬁ*l@gﬂéﬂﬁ%?bg %%ﬂagt?ﬂ% iao%ﬁ%g ré).ﬁ¥]§hc!§lﬁ1€§g@oﬁhe shaft

conpound surfa
70, adjasenintil gontuespal 90U helercat 92ehngitisagethinnensdctioh oigmaller cross-section
relativet%mfnall Si z enhanced heat conducti on,

scgmeplyaiethe shaft 7k cihe shifi 70 Mgy By &imsd amiihdercut $inglase yltpmatively,
undef DL AEY 08 ot et B b Wik thiterid frdin 3 sCifimoth S04t 70.

as[pesd) y Te3 thbder iséctid@csly hafiCH YorhdedtBietherundeict 98 ifdreases the

the present invention is depicted. A sem conductor )
flexibiiitpofghe phafig{Q afdhemebond|cad §2 dgdisections perpendigutar to the axis of the

eni ¢ ti i rin
s SRR . e B B B
thus 809 \be casiMirhbvedeidpasards@owirdthe bondPad B4 imbrdef fosBéilithte forming the

includes an array pad 74 exposed through nol di ng .
thermenapniergivedond thapwilbe It7gill spapreecised that o thermmsemprassive bond

th 4 bal | i d ot owill ]
betnpBF e Radtha bind AT Gl Flotmll iy e midnsiapimpow, orin
the fl@rd, RPBEsckARUSSBE aRDRYEalsd dontERAREE tHapRcodhbtiveloBSonductor-filled

to 3, may be included in enbodinents simlar to that
adhegive mag be psedsiadorm aiseleetrical gnd meekaninabcaywastion Hebugenicentact pads 90

and bl R0 81 10k E e R iSSP FORTRBra ALy o FRrifrbetmeen.
on [063@]7 agfliatdRdlce AR e Rs@iptibh Grovided, AR2Hrbsdn® dhention includes

shaft 70 runs froma side 61 of the sem conductor )
methpgls ofitioimiag semicandisctori assrmbliss hrtanclud2ledily-evaretiip leadframes with

0 ds the nter. of. the senb 60. L nner. bond d.
subsg SRS oDty P o L9, AR SIS G P i larl: the
pres&RUindéntl RC BlcRlle® Mndtheds! SNWrinith BethicBidt ask8AbEds! WARK include
L of sem conductor chip 62. 100291 FIG 5 depicts the
leadfremes b&nm‘g aBugset 41id atriyothiatege tharmeecopypmessivaly t®adedso b eemiconductor
. seen in
chip.

{0032] It will be appreciated that the foregoing leadframes, semiconductor assemblies,
and methods of forming assemblies result in structures with advantages over the prior art. Such
assemblies include a molded package with inherent sealing and protection, are reinforced by a
number of similar-length leads creating a stronger package, include a grid array that can feature a
BGA, SLICC or similar structure, may include leads allowing for improved thermocompression

bonding, and allow for the semiconductor chip to be mounted in a LOC fashion. The grid array

8



greater detail. Inner bond end 82 may feature a

contact pad 90 | ocated at the underside of the inner

bond end 82 of shaft 70. Contact pad 90 is configured

for bonding to a bond pad 84 when subjected to an

ropriate.thernoconpressive etfect. To . enhance.th .

may BERsRRped o TorS 20 ey A ooty S8R Llrach §anie SoNpauctor chip.
Sined RIGKITIBAIPION fF DRinE T SET000, 160 BORAD BHFALR of fbrication
equipnoant sotquieed. 90. Undercut 92 is |l ocated on the chip

Si f the shaft 70, adjacent to contact pad 90. .

Unlﬂﬁ? ut Itésrppaient thateictails of thesaparas andmethpdshgspindescribed can be

. i . 70 .

Varlegrggl%g%e?% mﬂgo%ﬁgﬁﬁgﬁ% g?fgxutpg g%'ﬁ::aﬁtf a%)-)]dégoé).e-gﬂf\ﬁlesiﬂgén'ﬁoz. The claims
aloneAldfie gt scupd of the itvarticiis @Aceiosd oirl dsaesaibed ereinchi ng

or grinding material froma segnent of the shaft 70.

[ 00301 This thinner section of shaft 70 formed by the

undercut 92 increases the flexibility of the shaft 70

at the inner bond end 82 in directions perpendicul ar

to the axis of the shaft 70 as depicted by arrow 94.

I nner bond end 82 and specifically contact pad 90 of

shaft 70 thus may be easily noved downwards toward

the bond pad 84 in order to facilitate formng the

t her noconpr essi ve bond therewith. It will be

appreci ated that the thernoconpressive bond between

contact pad 90 and bond pad 84 may be fornmed by any

sui t abl e means known now, or in the future, to those

skilled in the art. It is also contenplated that a

conductive or conductor-filled adhesive may be used

to forman electrical and nechani cal connection

bet ween contact pads 90 and bond pads 84. Likew se, a

Z-axi s anisotropic conductive film may be di sposed

t her ebet ween. [00311 In accordance with the

description provided, the present invention includes

nmet hods of form ng sem conductor assenblies that

i nclude | eads-over-chip | eadfranes with substantially

one-length leads formng a grid array through of fset

positioning. Simlarly, the present invention

i ncl udes nethods of form ng sem conductor assenblies

whi ch include |eadfranmes form ng an upset grid array

that are thernoconpressively bonded to a sen conduct or

chip. [0032] It will be appreciated that the foregoing

| eadf ranes, sem conductor assenblies, and nethods of

form ng assenblies result in structures with

advant ages over the prior art. Such assenblies

i nclude a nol ded package with i nherent sealing and

protection, are reinforced by a nunber of

simlar-length |l eads creating a stronger package,

include a grid array that can feature a BGA, SLICC or

simlar structure, may include |eads allow ng for

i nproved t her noconpr essi on



bondi ng, and allow for the sem conductor chip to be
mounted in a LOC fashion. The grid array 8 may be
positioned to forman assenbly that is only slightly

| arger than the sem conductor chip. Since a |eadfrane
Is used in formng the as |y, no expensive
retooling of fabrication éﬁgﬂﬂ%nent IS required.
[00331 It is apparent that details of the apparatus

and nmet hods herein described can be varied
Whatds nkimletiabl y wi t hout departing fromthe concept and

scope of the jnvention. The clains al one define the
scope o meflpd o femeing ﬁ_saglceaﬁ%%?&r@e%agﬁ GORENYBECr i bed
proviFiﬁ‘lr o é%mlc%ng{néw@ng\%@ﬁl H§ing laEIeQﬁq first eléctricdi\_cgﬁtga:iﬂg Ahd at least a
o§n1ng a sem contuct br package conprising: providing
a ssesrdosbeutitiesl oontadtipad disppsed Dinrag aativd @@fite thefeof;st

electrical contact pad and_at |least a second L
proviging leacimecqommpaising A deag aistlead and afrleaste sepand |pad geginating at a

Ol _ pivths S o .

fir sfs(? e'eoa gug#c?qgt Iez%lé ﬁggfﬂ; ec orﬁ1 glgl egéﬁ%ri&éﬁﬂﬁlmﬂé} lgég }és’ saidat

filesst adfirsielead copdsihg atlfeasinefiisnamay offst bpivaes iied and outer ends
havi ng_substantially simlar |engths, said at | east

f i thereof eosmprasingo? pegnpyt gt said a%kea%%fﬁrﬁélﬁa%mabgroaml%&om Said first
b i f i si
s 2%%%? agE&g}g ipg‘ﬂgt ag‘ﬁtég@ta?gﬁ iarsé‘?’%? geg“‘ﬁ °§‘?ﬁ‘§ﬁ5‘%§ %{lfg%sg%%“ond atray

f r efifees Betthebn fisier apd @0er teadathefROOREMPANE a RplettdOsatd at least a

| east a second | ead conprising at |east a second array
of esend sed thabprofrudesrfromn gaid dirs plang de saihsecend pledgpr i si ng

aﬁac%ipgg;ﬂ%%;dﬁ%ﬁ@ggd %Et}j&le?sgf‘fta%eiaof saf s%ﬂgcolngﬁ'&o} HIE}%, ol ane;

rom Sal ane t'0 sal d Secon
electltdlBdonne:tingisaid|ae fdbt 2filt lead Sadafld adedsy @ fisdtlele@rRaDEontact pad and
sai d sem conductor chip; electrically connecting said

at saidbaideasha peqond lgad 4e| said aklgasy agecand glectrical ¢antact pad;

el ectrical n . pad and. said at.least . cond . .

placf G0 o5 im0 Aic@e B Shin R0 By bRER AT potion of s
Pl adéd3th St drdyRRMET ATBaid Aflcask Fk&RRd HiysfiehinRohfatGwieh an interior
mold cavity with at |east a portion of said at |east

a $urfase obsaichinold ¢ayity; andd sai d at | east a second array

. ff.set in.contact with am interio surface of said
inteoffsiE oo Cuiuni e el Bl BiSa s R frotlead and
lsasagd Hﬂgﬂst 6 88dohYl 142d 20 GAASUHI A Rirfdd &f Ald dedd&dndactot Elsip.
ead an
2. The method according to claim 1, wherein attaching said leadframe to said

semiconductor chip comprises bonding said leadframe to said semiconductor chip with an

adhesive element.

3. The method according to claim 1, wherein electrically connecting said at least a
first lead to said at least a first electrical contact pad and said at least a second lead to said at least

a second electrical contact pad comprises wirebonding or thermocompression bonding.
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said at | east a second | ead and said active surface of

sai d sem conductor chip. 2. The nethod according to

claim1, wherein attaching said |leadframe to said

sem conductor chip conprises bonding said | eadfranme to

saj d sem conductor chi ith a adhesi ve el.enent. 3

Trs ot FRAPROEBACHORGE B i 1y Brio ke e P 2rvojme of an
electGOIRROhANGive flaterB up GRS & ledst E?Brtioﬁ‘”}‘ﬁ ehh St Aleast a first array

least a first electrical contact pad and said at | east
offsehasbsaghat lbastial s¢congd airaly afifselt eaform discsae omdluetiwcdlemerds.

contact pad conprises w rebondi ng or thernoconpression

bondi ng. 10 4. The method according to claim1,

fugt her =] i ' . . .

ci'Sct 1 oy 1y tod A rlinBRB A, i Eorridie remoying any molding
compmant] iflash frémeaidtat eastagiottiat ofleacls of said 4t tenbt Afinstarrayoffssteind said at

and said at_|east a secqond'  array offset tq form . .
1eastaisg‘&n3@€a%%ﬁ%ew% dispesiasitaid vejumegsaidelpeically copdictiye material
therdbf). €l @i m 4, further conprising renmoving any nol di ng

conpound flash fromsaid at | east a portion of each of

said at least a first array offset and said at | east

a second array offset prior to disposing said_volume ,
of 0sai dThe wetpd agaordingtosiniah whergindisppsing sadielwpeof ag electrically
. . . I
condB LD B RSl £ i SRR L 3808 ey ot and
said apdeassaisdcaald dregséffet pompirisss difpssiigta esldér, af condidiva@tepoxy, or a
least _a first array offset and said at |east a second
condyetivgyfiled ey conpri ses di sposing a sol der, a
conductive epoxy, or a conductive-filled epoxy. 7.
The net hod according to claim6, wherein said
el gctri Tat m¢thoaackoeding & RbES, ivilerdis said eleéteicalBidnductive material is
further conprising flow ng said solder to forma
soldeygind durthes cpmprisigg flgwintg sai deg tpiormiagaldepbalken widat least a portion

| fd .St _ar offset. and said.at | east a second
of s A v Ot a8 o A S Rbsng e SR m 1
wherein providing a | eadfrane further conprises

providing a substantially planar |eadframe conprising
at 8| easilhe me¢thed aceqrdingnt® elaim elaswhereinsproviting ealgadframe further

compBS PR AL KRB Rl o REPGAER 188 S8t and it
secodl léd oFkhisseintiafly siftiRr TEREINO SnP6&HANTH A8 dt Peast 2fiFkt Rad to form said at
wherein providing a | eadframe further conprises

leastrefingt aigayseffsgt.-at | east a second lead to formsaid at
| east a second array offset.

9. The method according to claim 8, wherein providing a leadframe further

comprises bending said at least a second lead to form said at least a second array offset.

11



11 10. A nethod of form ng a sem conductor package
conprising: providing a sem conductor chip conprising

at least a first electrical contact pad on an active
surface t her eof ; providing a |l eadframe conprising at

st a, first nprisin ead shaft .and a
el ngh aifiiod g EpemiBE A arhioRthstoraReiaed FPES B8N ai ng
prov1ﬁﬁ1% 4 QeAt&-Auebr @l'ilp &3 gﬁgméaa't @eakte@ﬁrﬁ BREricalS@nthct pad on an active

bondi ng pad configured for attachnment to said at | east

a surfast thedeefit ri cal contact pad on said seniconductor

provxé%ae o, ggxrng)ﬁgl(égp{)lggsipﬁrqt geggpplggéglgg 2 eag sﬁaq:lt e‘tjnd abonding end,
t
B R R A e R i i —
el lamtlmgq:ad c«mﬁgumﬂ fopﬂthchhestao shid etteasomfitsceleatricdh cqutact pad on said
pl aci, n sai d ati) ed | eadfrane an sem conduct or chip
" reEtEPHBREr D Y § heamacompiessioThPnd; ol di ng conpound
attac%uﬂ% Qalﬁ%&h Hﬁé%t&%ﬁﬂ% shid IERFARRY| ate said at |east a
I Tst sal'd active surface of said
therrmin‘pmssﬁueltydjondilng paidlibnd Haé ofiedill adleastcofigt legd t@said at kast a first

wherei n t hermpcqonpr essi vely bondi ng the bond pad
felg%{fleﬁl SPNtagtad of id PepiSaRACiSTBIP at | east first

l: exi
poif SRS ALo BB aRfSORRbae EnLas ol S
inj eceing anthldigg tempduaidrintbkaidwheldeavity ﬂoem:amulaw sdid a dehsisdhfadst lead and
nprises flexing said | ead shaft at an undercut
£ OTMLREIIVR SUFTAGE Cfpald GPMicoBMMGIDET.. 13, The et hod
according to claim 10, wherein attaching said
sem conductor chip to said |eadfranme conprises

bonhtli ngThaindthod adédraing tb olaiaild, sasieohetmedcompedssivelyitohding the
n adhesive. 14. The net hod accordi ng to claim 10,

bond?mé o&sad pirlenst ﬂﬁswsa%tq st leatdiretshasirics| Gagtagt pad comprises flexing the
1eadfslllarf§ttog)fa_? 2GS Eérﬁihgt%r B bead shaft conprises providing

re| nosard’ ead shaft conprises a first
array offset conprising a section of said | ead shaft
that protrudes out of a first plane of said | eadfrane

tola sedbnmepiodrpscerding: q@éﬂvalmef Iy Wﬂ@rﬁm Sexwgisgidslead plnft comprises
ﬂex1§% ?’%ﬁ éefa% ﬁ%ﬁ f st rcuf foiamgd ia ﬁrsfrlgu%{a}ngtdh g)f accor di ng

Wherern pracrng said 1 eadf rane
and sem conductor chip into a nold cavity conprises
pIaC|ng sai d attached | eadframe and
13. ~The method according to claim 10, wherein attaching said semiconductor chip to

said leadframe comprises bonding said leadframe to said semiconductor chip with an adhesive.

14.  The method according to claim 10, wherein providing a leadframe comprising at
least a first lead comprising a lead shaft comprises providing a leadframe wherein said lead shaft
comprises a first array offset comprising a section of said lead shaft that protrudes out of a first

plane of said leadframe to a second plane and then returns from said second plane to said first

plane.

15.  The method according to claim 14, wherein placing said attached leadframe and

semiconductor chip into a mold cavity comprises placing said attached leadframe and

12



12 sem conductor chip such that at |east a portion of
said at least a first array offset is in contact with
a surface of said nold cavity. 16. The net hod
according to claim 14, wherein injecting a nolding

.conpound.i nt sajd nold cavity,c rises injecting a .
semifBARAREED s of GEReSHOaP bt AP 4 Bt biad Shigth contact with
a surBRELEQNERGId ¥Rifghi p while leaving said at |east a

portion of said first array offset accessible. 17. The

met hod according to claim 16, further conprising

di sposi an_electrij.cally . condyctive conpound,upon )
sal¥ at THemethod a?fé’F‘ilP%FP %’f‘még‘ﬂd" FHR fneting ¢ I%‘ﬁ?‘é‘éfompou“d Into

st 3 gy RS R pFASTES S AP A0t e an
semigorductive diip shilellavingtsaidrat begstef gostién dhaid fist aeadietdoeessible.
prior to disposing an electrically conductive
conpound thereon. 19. The nmethod according to claim

17+ o wh . . . . I . ‘
17.MepRl B eflhg %lgcgir&a‘itgg ?@ecalgdtn? g&,gﬂéﬁ?%r ocx)mg)ﬁgfglg I('fﬁ p¥ISP% gn electrically

conpound upon s

condactiv@ycoafpoand updredaid st leasc & poitioh ®f s4idirit aasy offset Hes is@cessible.
sol der upon said at |least a portion of said first
array offset. 20. The nethod according to claim 19,

fugg her IS 1.Ng - Sad for . .
U RO A0 S B g By i st
portian byaid ks @tray dfset that is accessible prior to disposing an electrically conductive

compound thereon.

19.  The method according to claim 17, wherein disposing an electrically conductive
compound upon said at least a portion of said first array offset that is accessible comprises

disposing solder upon said at least a portion of said first array offset.

20.  Themethod according to claim 19, further comprising flowing said solder to form

a solder ball on satd at least a portion of said first array offset.
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