WD 2008/ 054929 PCT/ US2007/ 078444 METHODS AND
APPARATUS FOR A QUAD FLAT NO-LEAD (QFN) PACKAGE FIELD

Wdr2006le540BVENTI ON [ 0001] The present invention per/us2007/078444
generally relates to el ectronic packages, and nore

articul arl reI ates to ad Fl at No- Leadé
]&&T §A B QUWHRFLAT NO6h P AEKAGE

No- Lead (Q:N) sem conductor packages have achi eved
wi de popularity in of their
smal | er package si zei’ﬁ‘@ﬂbﬁ?ﬁ%é‘ .ﬁt!tﬁtﬁgl ly cone in a

[0002] | hy @feseitz @Bvennich ag@e afilyeneleded St fd@eoafke %@tz{ggst @Qnd more
their size. For exa N package may

parfigylarly gelateytosQuagd Flanﬁﬂiea Napickgeesor a "6 x 6" QFN
package, neaning that the QFN package includes w dth

di mensions of 4 mmby 4 nm or 6 mmby 6 mm
respectively. GerBAEKIGROIIRD QRAIHESVENTIONr € t han

r00h: Siad HiagonCEeE QM) Sommsengucion ke ore pelicyadewidstpopularit
in 2b&RSyehtsOtcdte Hthdr 731 %t ﬁf{g@gew o chlf g% tyélc'ﬁﬁyacome in a

diagramillustrating a ypl
varjpie Io&gaezeﬁcmld am oftdn classifatde doco@iiihiy nadineagesﬂ,oo Foncxanipk:, a QFN

B T g b 85 Al 820 PR, 8, i
thatcmél E;ﬁgﬁa Qgcluﬂ&eﬁr?dtﬂ dirR@tions 1Y &k b?rg@iggﬁ‘l oY6 mm by 6 mm,

i n nol material 140 so as | ess

resgﬁggrfi@lg? 0 Qﬁ@ﬂmﬂlﬁrg %N:I packagcs gmemorm ﬂwu BO% d@ﬁgmldm aren than the
=] . _Typi .
o) e NS P PPl i HRLIE s o

ch1p-hadlebmd§es105 are substantially co-planar with
nmount | ng side 107. Moreover, the nunber of |eads 105

[0003c| Gled! e dingragnillusatinga bottyy visve REg dvpicd QRN ipegkage 100. As
400 4 MBS A il PR R Tt on

moumagsside 197 formddefastn aomokibmbtesial €30 of QFNagaikiap©n00f Whgrein leads
is utilized for

120 is t d _

105giie sy eriiats SEHE AR MEGHAGED whestie et irmee facksnding and
t d

conﬁ@ﬁlreﬁ 8 Bl Q@N algg tﬁ% M%O%lﬁtiﬁ?@lﬁ%r@ gﬂ’@@’) ndtgﬁl)%ﬂ)a Typical leads

105| mlclalslt? raagftm@lla{ ceggulsestiape rsuvh ehatdéa@:NSpaemgaaﬂiﬁKﬂy co-planar
wh 100 | d d
L e T

QF R YHabkeale! D00fvaree &ith tReside 69 Q#Nfaéékﬁ% ®' F&l exlaBapfle, on@ 4 X 4 QFN
metal ) and includes a nold [ock 125 utilized to

packageadls., fQEY pﬁzbageol@)nnﬁ)d inphudsr 1 @lleatidde. g[ O@@@]ds on cach side), In
add]?l%gl ?@gdﬁ&tﬁr 1tca I?X %il%{'? gl(l:ape Ghd3 Itﬁf‘z 'fOF efed cglcand/or thermal

connection between the PCB and a semiconductor chip (discussed below) included within
QFN package 100, |
[0004] FIG. 2 is a diagram illustrating a cross-section view of QFN package 100, wherein

QFN package 100 includes a semiconductor chip 110 attached to a flag 120 (or chip pad).
Flag 120 is typically formed from a conductive material (e.g., a metal) and includes a mold
lock 125 utilized to attach flag 120 to a mold material 140.

[0005] Semiconductor chip 110 includes an inactive surface 112, which is utilized to
~ attach semiconductor chip to flag 120 via an adhesive material (e.g., epoxy, tape, solder, or

the like, not shown). Furthermore, semiconductor chip 110 includes an active surface 114
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attach sem conductor chip to flag 120 via an adhesive
material (e.g., epoxy, tape, solder, or the |ike, not
Vb QM8 ps40kar t her more, sem conductor chip 110 i nel4RRS007/078444
an active surface 114 1 WD 2008/ 054929
PCT/ US2007/ Q78444 havi ng one or _nore bond pads 118 ]
hayipg gueer mpreponempel B lopated ot a penimeter 516 olacsive surface 114, wherein
n A
o g o @i bharce RH26 «5 BELGAERT Bhe BE RS BP1cads 105
viarmeerwigre virntemd (disaussldstlde). dSemicetticeertlipc! i mahibp formed of,
110 be.fornmed of,,. for exanple, siljcon, silicon o
for g EE3RIE: Rerfiian Jiide nesiediitge S2Ui ots@nids. gad/or similar
Baf(E), ahd Shy b&NEr BRYAE, -
matBR{ag) v bdr BB, aéo?ﬁcg\l/%)aﬁ%hl %t?l gﬁﬁ%&ﬂﬁﬂh&ﬁdor (CMOS)

net.al’- oxi de” sem conduct or
chipj amicredclastrponsvbemiaali (YHEMB)MEING) oradimnilar semisinduittar chip.

i ¢on tor ip.. [0 . I n additiaon, N packa .
00D 50 Q0P IO Ap RS B 5ot BRSPS for aachin
lcadd 1G1d RRehicdndaétsr AP 110. YPAE BORRUIS0 e %Eﬁd%tll}]fgrméﬂ & conductive

bonds 130 are typically formed of a conductive . .
mafegipbsuch|as cige pramplef wpperx aghdl silveeaiptinum, golsiiilari dondugtive material.
' r.Shillar NAUCE | materi.al . . r e .
My et SR o s 3 p AT Y BBl S Bt £80 B active surtuce
114 eudhmiiue eachl@irefboad t i30einludéa e gortld? 132Gt tdkedndS aGPwardly” from
wi re, bond 130 includes a portion 132 that_ extends

sesiORAYETOR hipr Fdnp Glogpad ceprtior daf. andi an indloction peiakbifollowed with
; [ 4 » i ' f i t
Wi I At S B ST S PRt o e B BBt e surface
of lewd WiT. eThipmdrepanalire praviddstseffiist dak bond straath Oth bond pad 118
This w curvature .provid ufficient ball bond )
andp,Igadd 05 pd Bt ety e heag {3DefForm rgrg Frua gomigst wih semiconductor
chipl &y 8NirsleW4bf RAMAG. 130 from coning into contact with
sem conductor ~ chip 110 at undesirable points. [0007]
[000%ic e Oneerbarminandsictor chipi Y 01id Ottiched ta Hah 2D 4rpl drieay @@ leads 105 via

. and re leads 105 via  wre nd(s) .130, these .
witd NomaRE 0. TR csiiors st ol Pedfitgbieide fholdr maferial 140,
whéré, moMh@stelisl 1yl ﬁ’)rﬂi@hﬁfdnﬁh% R foot BRop iRt Shrin@® substantially
107, a top side 108 oriented substantiall opposite
oppRBMMaYEtiag gide1d7, andd alumlity afi iawraifsﬂeatﬁwm Idewaterial 140 is
: terial. 140 ] ,ca pl.agtic of.
W‘&?‘?X I ga/?b%%tn@cogn 8@‘5;1%#\/ gloﬁrh%f’%éll}/cgk’? g{%er%% Gt 1% elglhlzsd to protect
sempecnidactor clap il 0,atguid0pandwip bddds 130.ag 120, and wire
@@nd 130. [gO%S] As di scussed above, because it is
[008fsi paptivuesaabars. epyia s s dosbable thet wendende) 130 be attached to
lea (g)ﬁgffgndjsgéi%ﬁéuém RPRAH B0 %v:ﬂej&nggég h3b Ia@%-f#(g[ﬁact semiconductor

130 do not contact sem con tor

110uatdesdesabble poinis 8, ceaxtade rrhiaimum width W dis hndeWéd ich each side of

needed on e side of sem conductor chip 110 and/ or )
serBCeRdnetar Aol W aadie & eertain Qe abovs nestd ahtgcwHconductor chip
110aBichsurd Wbré @ SABHUER BRI Br WireSbfrldl§1180%0 RAFE Aot but

bond(s) 130 to clear sem tr:onrcﬁictno@llg, but coitticfor 110, bu
not protrude through top side 108 of mold material 140. Semiconductor chip 110 is
typically not perfectly square; nevertheless, the two “Z” widths of semiconductor chip 110
are smaller than the two “Z™ width dimensions of flag 120. Moreover, each lead 105 is

separated from flag 120 by a distance “D.” The width “W,” flag width “Z", separation

spacing “D,” and/or height “H” results in QFN package 100 being larger than it otherwise

could be.
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not protrude through top side 108 of nold materi al

140. Sem conductor chip 110 is typically not

Wik2008/0149%9 squar e; nevertheless, the two "Z" w ‘liCinngmf07/07s444
sem conduct or chi p 110 are smaller than the two "Z"'

[ﬁﬂwgfjt ea%fggg?n% T Ofvp{gacg&igat W?gr eq[\glg ?fg)ggglgn l(&?ﬁémay be utilized
to s¥ndrlict WOt iWhed 'QFN pBE@LA1Y

? and/ or (%Ipr l@ge resul tSQI n%@Nﬁgaggglgcé%%hqg%%ngz mold material
149 ancye metaﬂalmﬂag l%ﬁ feciure baving alsemisendtaBhin tendwidied” in-between

TR AR, AR s s
1-1m"etalllc2ﬁdps durin@anbidqueit ebdbupakagind 8 codhial clifitions. As a result,

ge 100 |ncludes an organic nold material 140 and
QF&aWé?%sq 100 wilbgypicably spntaias iphereraosidep! stresrthaioraearpor bend QFN

pac%:%l@ 1%(?(; %glg}é‘ﬁ %%S fhadi lt{? pg g@?{ﬁ}m’é Ece g]é ngllagﬁ%zil%ﬁgjefb.ﬂrz%\g@nbld material
14(lszmdlleats 106). bi - netal | | c strips during subsequent
ure.to heating apd ¢oo]ing conditions.

100THECTD rEcrgenhg e Of trinl 100gpiesal 1 Sl e 105 include mold
lockh QS apt mEl%ﬁéed @ esDhr @ét%e&{" Hol& %at@ﬂélplfl];‘ | P& n[ﬂet%: lﬁag 120 and/or

package 100, which can lead to package
betwet¢ramplamptsrialbktOmadreads| 105 min eﬂmaWord]sAﬁﬁohhhbcks hZiShelp to minimize

0 To reduce. nt of residual stress,

packy gd"iié’é afton et EBY By b TRET ) 1°° Sors 125t
i ncrease adhesi on between nold material 140 and net al
flag 120 and/or between nold material 140 and | eads

105. 1 n ot her BRAEBHESHRIG TIGNKIF TRH: BBIAMIMGEI ni mze

g T ——

follpwapedrawinpxnires) whetdin likenghaalstdehoteeikd @Ek@hdrdg dnd n
g‘ynjunctlon with the follow ng draw n flgures
100§Zler EfG: | e diagsem dllustiaging pebatioRs Vieves ADSIOT #Qpeb Y No-Lead
(QFNY$Pac agrs a diagramillustrating a bottomview of a
pri-or { Quad Flat No-Lead (QFN) package; [0013]
[001—3](3 FIG.iXisa diaggnaﬁmstﬂahnghmajsbmgct@nmim of ﬂﬁ@m@a&tk@:ﬁlof FIG. 1;
FI G 1; 0014] FIG 3.is
["“E‘{lagfﬁqn%cﬁ fafis ?ﬁnﬁgluétfmss% CrsiPF<Sion! VicBwobprg qbodiment of o
Fﬁ‘ @1@5 BYingf
O R S e (P Eped¥q oL FIGS. 1and 2
foragworselawgnmrs@m gieeiduct or chip size; i [0015] FIG

00 5 P P BRBT 5aap GP packos

incla@if @PMekLityst seiddBiductor chips;
[0016] FIG. 5 is a diagram illustrating a cross-section view of the QFN package of FIG. 4

along line 5-5;

[0017] FIG. 6 is a diagram illustrating one embodiment of a lead having mold lock
features included on the QFN packages of FIGS. 3 and 4; and

[0018] FIGS. 7A and 7B arc a flow diagram illustrating a representation of one
embodiment of a method of making the QFN packages of FIGS. 3 and 4.

DETAILED DESCRIPTION OF THE INVENTION
[0019] The following detailed description of the invention is merely exemplary in nature

and is not intended to limit the invention or the application and uses of the invention.
_ . 3



[0016] FIG 5 is a diagramillustrating a
cross-section view of the QFN package of FIG 4 along

WO 208/634929 [ 0017] FIG 6 is a diagramill ustrat poguRH@7/078444
enbodi nrent of a | ead having nold | ock features

1ncl uded, on .t he ackages of FIGS. and 4; and
FupfiGs[e: dhe, S TR ZiRatios (0,08 BouRs S H-iheasm PIRRE i fhegpreccding
bacﬁkg‘r’cﬁﬂﬂ%i;ﬁ[étzﬁ%rﬁﬁn@r t%llo@{%%ytﬂﬁﬂtde%pﬁoﬁﬁ?ﬁ%qn ntion.

maki ng the QFN packages of 4. DETAIL
[002BSCRISPY kanwoin Thamrt, MMVENES @R G manQFNkaa@sw@vmagler (preferably in

eddes tion of.the.invent.i on i
ol SO o P ¥ en 2hip 16 B P vt S 5 (4 QI packages do
noti tAlEY APmueH spde oA PRk bLat: 41591@% POB. U\S&&&ﬁ%gﬁ? is desirable to provide a
i nvention. 3 WD 20081054929 PCT/ US2007/078444
QFN,padkapsrihas is sraer thenrrarient @FN packegeshty bewomet bychigcaled QFN

cpres [ h edj kgr ound, of 1 he
pack e D S OPN oo i RREC W YB35 Rt ol them e
semibmeiatioo rchiff AGREIsioAs). i In kedditlon] it is%sﬁﬁlble totproSide a smaller QFN
esi rabl e that QFN packages be snull er referably in

packpge hayingmy jFndpgtor ships g theha @Wiltffrc irped QPNaWCkage takes up
lesd Rpdde @idh' &tent! A1t &1{%&@ po@&E@%%%F ern% gvg[{)%?lor package

up as much space on, ctor di
rehablhtys it esde;smabke mmnpludmadQFN pdgkbLphaviag eaﬁgblatnollcs lock features to

pregfm [Smﬁg’ﬁ %‘ri] G arngg%g)%ig xga(féﬁ %gkat@g becg@@@over it is desirable to
dectdagd UshicRBsdM it @ﬁEssarrgsuﬁ ﬂg)g rﬁ'ArM hﬁ'f’ matl§1 eactlng on the

sem conduct or chi'p di nensions [ t| on,
serdensidpefer ehlpcbypmohmdm the samt nerld @Fal'wrlqb anl‘adxkgﬁddfsmf thg semiconductor
chi I'tiple sem conductor chips so that a nulti-chipped

N package takes up |ess space than current
fooz1)l t FEG.hs @@Qdil@hhlpﬂl@lk@égﬁﬁg a ErsER&tionhOVieRUBLbhO embodiment of a

reliabilit I's desirable to include a QFN
Qui R Ede- i (B aeeiieerind Asviustrad i BIG QY gociuge inludos

o 8 5578 YL LS, BRSRS S iy pownine

' s1desﬁﬁ’é,sﬂ)pr adell 108ngnd riawrali didsr €08 diseteed &ib‘événgdsp@nQBly Notably,

ductar chip by including the sane
moylEig S0 oRS ROUMEIUGE oY obaths EodRIeaRTodhY BFN packege 100,

[0015024FN a@ka% 109 idcldhay ma'h(lgy ngiz% (?stéd?igex?)osed t&ou&hﬂml%ntmg side

cross-sectio vi ew of nent o
307I\IolrL@&1d1t1@fg:QF1‘1quk@ WD inchades | 4 wahicatdubtom cilﬁb(Bl(B including an

o B LS8 TS S50 ot 1 et s
Senfi®dHALERE chipl @, %Q@ne E@BodhiAe, }&Qude%rédw{(@]ﬁ efah n%ﬁ?iﬁﬁlé than about

109 di scussed above, respecti vel
2.1 mimle 307 does not include a flag (e.qg., flag 120), as

[0023% qUilﬁeo%ebe\fnbggthgrﬁ? [{ %gr?terl 81%% shown) of semiconductor chip 310 is oriented
in the three-dimensional center (with respect to an X axis, Y axis, and Z axis) of QFN
package 300. For example, if QFN package 300 is a 5 mm X 5 mm QFN package (with a
height of 0.7 mm), the center of semiconductor chip 310 would be located substantially at
point (2.5 mm, 2.5 mm, 0.4 mm). In another embodiment, the center of semiconductor chip
310 is oriented in the two-dimensional center (with respect to the X axis and Y axis of the
width) of mounting side 307. For example, if QFN package 300 is a 5 mm X 5 mm QFN

package, the center of semiconductor chip 310 would be located substantially at point (2.5

- mm, 2.5 mm) with respect to the widths of mounting side 307.
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[0022] QFN package 300 includes a plurality of |eads
306 exposed through nounting side 307. In addition,

wo-Nopashape 300 includes a sem conductor chip Bé&Bus2007/078444
including an inactive side 312 and an active side 314

imlar to,sem cqonductor c¢hip 110 di sc ed .above. .
(00347 (8 AERAEEHEC o ipone Dol SIS cUAGBI 15 dipoperlen leads 306 via
an WHItHsR e "Wterial™s (0 "WRRESHE kM eaBp H&hes%e#ﬁ@?i&l%cfuﬁe, but are not

. one enbodi ment, a center (‘hot shown sem conduct or
limithd o, 3pOXy,daps; ioestnebir adhesiveematarigle- dormexsnmasd theemallyr conductive

with respect to an axi Y. axi .and axi s) of,
adiglvk Ap R G vfarhaf snines WA Bininelign TBo spdvecpide hh through
leads 306TMAGKNE RIS s Oifehid Aowh@l &facf mBuntin®ide BOE (as opposed to
center of sem conductor chip 310 woul d be ["ocat ed

actiygidedd 4 dicing erientediteward 2orsfaging ®pSsidenl08, 4s dispussed above with

r dj .t e r.. of, sem,conduct or .chi
rr BRI BR ER ot 5 GEPA Rl AT EBRUEN TR e oswed
mofee syl the ceer ¥f a¥inicoadector ahihS310f td Bevid ih@iBlendé from adhesive
mount i ng side _307.. For exa ckage 300 is

. . [ le, if QFN pa
materigl 330 snd, t%lqywr%gﬂ@g@fﬁhﬁ dopd pady 3@8 to leads 306. Furthermore,

a8 TR A6 R, PO SE PR UPERY i e

betwtermantitve isitg 3d ¥ dad 3dintidg e 3008/ 054929 _
ST ARRA 0 B 030 PRI A oo s

disdisged @8BoRdNGRiNE WakebdiRls 3HP ’co‘ﬁﬁ@r glieedaorlgs .tcpfh(ejads 306. In
ad I but I e

hesive material 350 Include, are not imt
accorslanespwith ont apdbodionens,iinichaplirekvéise silerddtdo iledds 306;,0wire bonds 330
xanpl a t mal |y cond j.ve adhesive material nma
are BB s B PR ERREATT liecard dipaiecroeip it adiye e 314 and
mo®htie Gdé 30hy.oufhhis! Rasfer 306N ?;@dk'ag@ 390d§ aBlAtd Bave a reduced size
oriented toward or faces nounting side 307 (as opposed
compgredgiotquiiensQHY prekadse (g, QFNepackeze iR &n othef woidsgQFN package
{: i di ahove mith, reference to
3009 B0 FedtCE g AR BRER B AP it el ShE T 8% lyRpared o o
packagel M®. si de 314 are |ocated nore toward the center of

gém' conductoy chip 310 to avaid interference from ]
[0028], e Mogeovermbesansy Qkbopaskdse 308 nslydgs deadondictive opripgseclevation

G.eDaBE PGS 33495 E‘Higg&adcﬁar? @egd%gpgmlﬁilﬂ?ﬁaf%gltﬁgq§ wilBsuited for the

I ncl ude a shape I scusse space
indystry syaplard@adldi wire bethtbeddinpetinean eadtodireers] dére Ibada B8O are longer

upt i side 307. [0025] l.n addition, QFN package 300
We‘{é%cpﬁ‘&fgg’"\ﬁ?sr én“i o) aﬁ‘SG‘iqcﬁPﬁl ROt 18y the WA o“surf[@ére_- I another
emBIdHESHS (5eARAYE 330RRS SldRecMbhE HBR ﬁa@%ﬁ?ﬁ%ﬂlﬁeﬁ@ﬁdiﬂﬁ downward

side 314 to {eads 306. In accordanc
frore shdagandit similar ¢ pettiond 32 atisounssedi wiith Bdfarence teBlf® 23@6lpop portion

. W re bonds . are,di.sposed sub nti.al ly . wwthin .
simily 8 PRI | 77 iso b WiPBEERg R I FIGon St jEN<stgR poing and fewer
ben@\dluring the wire bonds process to minimize electrical resistance and cost.

[0027] In accordance with one embodiment, QFN package 300 includes a width W' no

 greater than about 2.5 mm. In another embodiment, QFN package 300 includes a height H*

no greater than about 1.0 mm. In yet another embodiment, QFN package 300 includes a
width W' of about 2.0 mm and a height H' of about 0.8 mm.

[0028] QFN package 300, in accordance with one exemplary embodiment, includes a ratio

of WY/W? no greater than about 1.2 such that QFN package 300 is a chip-scale package. In
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nmounting side 307). In this manner, QFN package 300 is

able to have a reduced size conpared to current QFN
waclosgesge. g., QOFN package 100). In other wor ﬂ@Tl[M7/078444

package 300 is able to reduce the size of the WI dt

a d/or t he he| " as conpared to

Othﬁa ek 1166@25? Qb sy begmeaieithanR s.ya%f@ag@@bnackage 300
is iR g!cH &a[fe;adg -active surface elevation (i.

activ I's "higher"” than | eads 306), Q:N
[0033E k &yethgmori:.s vewidus- smbocﬁmehtsr of QFN i peatkisger QOthmmﬁbmpjate having

sm%ig(gd re bal I @%glé]gg% cH‘bn q,esgg ﬁsﬁg'pﬁ.afagjvedﬁ{wulg die dlmensmns

dedréd; bea{d/amdaal #icnSioh c
© 1rn‘godl ment, wire bg‘ﬁdi]%g%%a%r qu\lég%oyéf @ﬁ%u@@ﬁlgﬁfments of OFN

padkags 360 acomﬁﬂllpl@in hawingn tirgey  dolerwdicker fdiroenssonsf thee tBdsé discussed
abqi_ﬂ m | ar to portion 132 discussed with reference to
FG a loop portion sinmlar to portion 134

[ﬂﬂdﬂlscmeed il & Rlidgehdr tloseating ldottod vRME 0P Qini &hb&SeRN of a QFN
Ez oint and fewer bends during the wire bonds process
pa

Srid0ninglidinge ¢t plugdity rafs perpigarduictaidchips t wheren e |bnttom view

L Y —
407 nbhdezh @ANQtkept400 Gﬁmmﬁh@ﬂmgmwldl@ﬂw desniag hejwakihg side 407.

ar er .t ha t 1.0 mm et anot her
As E[‘Eb%f& Fﬁ‘%} M%%QQ‘S Yesiss 3 wm@c chirad ) gid asemiconductor
chi Q@E‘t VV%CIQII{TEQC?I'H% Rri&ndiLs ﬁchgg 4"118 %HE[ 4@2 8dr il 98 8L miconductor
N package 300, in accor anc exenpl ary
chi G0 diiscassed abmsd ublex-cardantd mthcame\AMMﬁlar;oelgbﬁﬁh'ent, tseiaitonductor
.ab 1 uch that .OFN package 30Q is.a chip-scale
nifiORH add 357 iRl BBAGSE s PLeoBis oGRS 6 e MEMS or
Clvmﬂ)aﬁpgye Th SnothBCeritdife @ seicONauRY cRs gﬁi@ﬁﬁ(ﬂtﬂ ﬁ@rlilffercnt types
1.2 such that QFN package 300 is not a chip-scale

- of sgarioaguctor dopofe.gusentiemdocter chiarill isa Sifhodiiprend senpifonductor chip

ggjg 300 contenpl ate having smaller and/or

452$| nner npe)nsi ons than those di scussed above shoul d

[00stije T maﬁﬂonmamlq%leaag,eezmmdﬁaudésea%ldtaﬁan%fqeads 406 coupled to
decrease. Moreover, various enbodi nents of

sempicandugior ship 418:e0d plarelithak/ieads 4%rwledﬁq/s@ancpndwerrchlp 452 via
a pﬂkéfﬁygf A ﬁ(ﬁl@]@ 45@?\?123{9?11318%3&)% anﬂ%\é e E&Q ?aQ]m Feaﬁas 366 and wire

I's a diagramiT1lus a botto

bondsr‘d&ﬂi iareesitilaf toawiE Nonqlza@mgec%@& ab’iﬁfleU @uﬁgelmdib,bQﬁNl paxkage 400
condgrgt or , chi ps vvher ein the bottom.view

inclies ies 40 g cruplsd; tq) boaty sempisppducigr ahép (9 andh gemiconductor
cmms:,.er wre&/ép)leédom Alapitd %FEédﬂ%f%legn‘?conﬁ hor 4§1 {;J‘@Hﬁ&hd 452 via a

N package 400 |nc ding materia

' plmnhwnwumgncmdsi d3a@3.g., a first wire bond 431 coupling lead 411 to sermconductor
“chip 410 via a bond pad 418 and a sccond wire bond 432 coupling lead 411 to

semiconductor chip 452 via a bond pad 418).

- [0032] QFN package 400, in another embodiment, includes at least one wire bond 433

similar to wire bonds 330 coupling semiconductor chip 410 to semiconductor chip 452. As

illustrated, at least one of semiconductor chips 410 and 452 includes a stud 488 formed of,

for example, gold utilized for “direct” coupling of semiconductor chips 410 and 452 to one

another via wire bond 433. Here, wire bond(s) 433 provide more chip-to-chip connection

- paths between semiconductor chips 410 and 452 than, for example, lead(s) 411.
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O As illustrated, QFN package 400 includes a

sem conduct or chip 410 and a sem conductor chip 452,
wihesosiosuseach of sem conductor chips 410 and 45BC®U32007/078444
simlar to sem conductor chip 310 discussed above. In

d th |
(0335 08 Aiieeiice vl pus puodicnscBE R, wAckaish ¢90hinchdey opgavire bond
433 ailot ¥Re 1l A¢MNow: ﬁm%gézﬁfco&mc&r(&@mo {\@&l%ndu%h hip 452. In

chips). In another odi ment, sem'conductor chip
ancghef @@EdanéntdQFNem@haget %)emcludts were thandoe woe bohd |d§3 and/or more

vl sSSP P Rl R B

[003d]i Nibly, FIG. pRIKSe&cd OFN patiagde 08 lﬂémulﬁ il l@ids 411; however,
| eads 406 coupled to sem conductor chi 0 and
QEN packpea @%ﬂﬂa}’ Bglisle 03 n@mbsr efilcads %lémr@gldmxe@'@ Em‘tlpermore FIG.

{ I
lj%%rai@s%a%ggp éa?gsalé 1| Im R1d1r¥§b£ ?mg%ntg]%)ég d:y\g\n g#ug)hﬂgo of leads 411
to éfﬁﬂlcammcmrmﬂlpl r410cand & esikle dgirs BOndli4S2 usmplingaste of leads 411 to
i ncl udes at | east one

se %c[lerrmre %l{}l package 400
g QU QVEFVBbt Rad di cravdwelige aspiqymbep odrwire bonds 431
anc?@r' W 0 BOKES 452 co%Eh ¢-41M85 g&fﬁ%&l&d ﬁ%‘%&@% Vlibz‘mgqllﬁ@,l Rdpectively,

0 each of sem ctor chi
mcbidmgamroww bend:soci&isomaﬂo(\eug bpnds 432 sMoeserbQRN pgkage 400 is

MBS SRt B s s

urfifck
il SO UM R AYPATS9 B Bl i 5

mcfwdm&m at least one wire bond 433 simlar to wire

d 3 I ' duct hip 410
00880 9T1G30 1P RRLERS BTSN L AP B of s ot 400 e
alond lise §i5C OAgIRkR4ted rrgm p‘&&l@hg@nmo‘iﬁ?@uddﬂ%ﬁﬂl%ﬁd@ct&t tfipHBE0 and 452
formed of, for exa old utilized for "direct
including pefdveosidsertido ﬁgE %@rni paachiye sides 462 and dhe respectively),

res;?e%ﬂt/gl diﬁ%@se&”cﬁele?@ £ I8g, bl gl Wara% Q&%ﬁ@é@{%ﬁa&nﬁo similar to

n
provi o-chip tonnec I on
adhssammt&#md:ﬁﬁﬂdmtugpabdﬂeo and 452 than, for exanpl e,

' 411 2 29 P 2007/ 078444
[Oﬁ%éad S)0 g WD §08/05 929 CTé(léfS 007/ 078

P$ eHtoe F parkase 480 vqlﬁénwe oRdp 43Ratd!, and 432
couph3Re '1611% WA S4B G 418 BC%fijmcéﬁgcf&g% 5. 410" a—!d%‘}%ﬁlﬁrlab bond pads

coupl 1 ng semm cdnduct or uctor ¢
41845M0r|enverawu‘te I’a:endssﬁrﬂbdh?:ﬂemd/om\l pad(@gsedfl@ﬁhmrmbpadeslm created

d.433 d/ t.h d
et el Prodt e A HaB g RE B e Fhef Comenieigr ohiee 810 andor 452
andqjﬁd)lﬁitﬂézﬂuﬂfag@ifﬁ NPB‘@@}L %orcE;' é)ofltldnl M%ﬁi OKES b@ﬁ%&: 430, 431, and/or

package 400 including t 1; however
432rpa¢ desgescd 0B twiepp activd ud‘éacamgllmﬁmdjetr 45 ofl semdnd adtor chips 410 and/or

zero. FEurthe FIG 4 illustrates each
4520&%%3{5%%4% ?‘ﬂ%ﬁnﬂ]{ﬁsﬂfﬁf éﬁﬂﬁgl e wire bond 431 coupling
[00FFCh SihilheRdQF#ldackage 300, QFN package 400 includes molding material 440
encasing semiconductor chips 410 and 452, wire bonds 430, 431, and/or 432, and at least
partially encasing leads 406, 408, and/or 411. Moreover, molding material 440 forms

'mounting side 407, top side 408, and lateral sides 409 similar to various embodiments

discussed above.

[0038] In accordance with one embodiment, QFN package 400 includes a width “W>” no

greater than about 5.5 mm. In another embodiment, QFN package 400 includes a height

“H* no greater than about 1.0 mm. In yet another embodiment, QFN package 400 includes
- . _
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to sem conductor chip 410 and a single wire bond 432
coupling each of |eads 411 to sem conductor chip 452;

WprRYes402d ead 411 may include any nunber of W perRRBE@S/H78444
431 and/or wire bonds 432 coupling lead 411 to

seni conductor chips 410 and 452, respectively,
a i n@iZAbeBt Wil B gnd heighiofH5 b abputd) Bohes Maeover, other

: r ' g . [ dj
ol Y581t SO REEHE980 40 gk DULEATAL A Tl JSHER: 10
and/odthetehesgiys nogiebier thah abbwtes. Homds 433 coupl i ng
[0038] E\%ﬁiﬂf; gi'i%é:u@'[ g@éé%mqnt DEs 0 (ﬁﬁl@ﬂﬁ%@é\? S0P contamplate that QFN
440 SRS RS0 B A S AR s
400 mey alde sncleds dimkusiotsogreatar then 48e disduss&®abdvec| udi ng

00366 ¥RGohatE iy o & Sdp BN obt @b ated Yecls, or 408 in
accOfance Adth dne bodimantabf ABNE ShakRagERL 6l ia%'doggg@] fr%u%ﬁa ﬁ”6400. As

. to adhesive material 350 discuss above. |
illustrgsedilashe00 igrindpamielylecko 610, 20 uetels630. ridolblodks 48D 620, and 630
[ N eads 406 08 nd 411 .to
ore A8 o8 i BRY Buce gt SR Uiy 10 ot pfine0 or 440, tcas
6004ik8gubsthvidtiAva@iableno’ gelantte 436, méRilmarAdl 940,430 Ademove without
i,sposed withjn a space 401 created between active

cragking fuelds mateatad/ 340, A40: v elns gttrer cworgs s mold slepksc 68U 620 and 630
' 4 Nt | f T .
subgﬂtahgt?ﬂy m%&g@ﬁqéﬁ 64 ?ronpﬁl%vgq%ﬁﬂg% Hl%ecﬁl{éﬁbag%g%é%%-’ax%g }”-ams, or Z-

a portion or
aximnd/ or 432 are di sposed between active surfaces 414

00f 1 Skt Ve, o T and 3 ot “sbiteuy ook el amaicarht, 440 from
mo{r}iggeqr):ihﬁeﬁ*?@'}f 208608 1 HbP aﬁk(ﬁ%ﬁen%@hﬂ‘z ! ngﬁﬁlfg@gg% substantially

al 440 encasing sem conductor chips 4
larges thanwineld lodn630 A8, that3fiplddnck 610 gRRideandsuptridrdasiting feature than

L [ 4 408 d 411. .
moREb B0 MDA ERES ot mterit 420 Ul st oot up and to
the fQtrecldtiop ticd@ 6608, and | ateral sides 409 simlar to
various enbodi nents discussed above. [0038] In

[004 ¢ o} ersh €0, vin taneorrabediment. rieeludesGFRjogaedcslppe @ach that lead 600 is

' ' " \\B% eater than ahput 5.5 mm,. .
s o et G R SO MR S g ding rateril
340heidgbtwill stBstartiallg i bthe spadeaibodad Suitacks 8401 Idakk a/§drtion of the space

anot her epbodi ment, QFN package 400 incl udes VO
beloyy dpdsagbenrfaes| 098 tisrsrsre besida swifaren 66 gndthepidatspaces 675 of

surfg%%eérw. R qditiBR! HHous F] ﬁﬁ%%@@%nt%a%aﬁwg%fﬁ%g&ay include any

embodi ment’s of age

- shamt thet will citdts arspagr(eal,sspatd 301 aldophcel4( ) Which enables wire bonds 330,

430, 431, and 432 to be disposed within such space (i.e., disposed between active side 314,

414, and/or 454 and mounting side 307 or 407).

[0043] In accordance with one embodiment, the height “H*” of lead 600 is in the range of
about 0.15 mm to about 0.40 mm. In another embodiment, the height H” is less than about
0.40 mm.

[0044] Lead 600 is formed of a conductive material including, for example, a metal, an

alloy, or other similar conductive material. In accordance with one embodiment, lead 600 is

~ formed of copper. In another embodiment, Iead 600 is formed of copper that has been
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and/ or other heights no greater than about 5.5 nm
[ 0039] Notably, various enbodi nents of QFN package 400
weriogoRbat e that QFN  package 400 may include p@I/@s2007/078444
than two sem conductor chips. Mreover, QFN package
400 al so_ i ncl ude di nensi ons greater t han those
elerar@&je% ottty piskel, 3 oeckel-pallagiung filin, 2 aickglgeldofilng %hra@m or a
ma | ead 600 (e.g., lead 306, 406, or 408) in
dnﬁ%@%?ganbe wi th one enbodinent of QFN package 300 and
[00@FN PEGRaGe «AW07BAdustrdté usflowt dasgraineagrdOftiignohedmbodiment of a

meffdn 700 REAMELLIIA SAEISAASS000R MOEHE: UUHEROPN askage 400

havgrg% Rl I%Quééa E‘IEJ: di lﬁ‘rgaé@{fc?ahb@lmﬁflgné’ renﬁﬁ)glmérﬁ aghetIRR0766 1n1t1ates by

stantially unable to delamnate frommold materia
forBag a And phmalitprod deads t(rhgu teads BAE kinch g:admrl%)rﬂatcekﬂ@ﬁ) SBﬁack 705, in

440. |1 n. ot her r,ds | ocks. 61 620
aceiBusdief oPF smbpURE TesagR PR GulHEIgOP i 180K (o2, mold locks
610i62@CdrdRst B0P RPatt 1885t ¥ndXdad, sudh Eﬁﬁlt the 1@éd % suBtatially0@dble to move
Mol d | ocks 610 and 630 both substantially |ock nold

in &rdtrertroal aI@zg)an Z4@xiBy dH-axBVINY Zr-fgﬂ& hén ppefher erabediinget, block 705

incfjc’la ?@%%19 a}t legﬁtg{:vgoemﬁgfﬁgﬁnsg Itmd %st ﬁﬁk%egéhs%c tihat the lead is

subs@hthllyoeabRtO nivv@MVih defredtisnipleng ah Xl-mk bid)a featislrah XAgis and a Z-
mol d | ock 630. Mol d | ock 620 | ocks nold material 340,
axis; A af ¥ ST hg-avé h In yetaather, emppdimest, block H5 pgludes forming at

least ?@ge %cl)d lc{ %9 ﬂglpt k838 9 %ueagﬁz 8%"]?%(9 isr%ggtanﬁeglé/l dr}f%ﬁﬁé to move

ape” such that surroun
1namhredtlmgamgenmhx@,ékﬂ&’mxméfdﬁﬁmﬂ dxli.ee axes. | n ot her

003 | Pinrees bt 208 ntis imetine o sdbedte 3 oy 1k Side (e

actl% sfd'%% 12 %8 %ctl@@ SEIZLEL T ) ﬁfs? derRidbARR AR %7%6 fes@mGRiuctor chip
besi de surfaces 660, and the side spaces

310sand semeicoginotor Ichipadtid ) grothe fist phudite rﬁﬁdcﬁdsr(htcsk 710). In addition,

mef&ﬁ{f HSQ‘prléCilﬁtgeS tgggélglggg ggs?oPur'giE% é)lgg?%{:foulg errélﬁzg §p§‘|':}€eo'2f6'f 380 and wire
boridh 48t BB FeR a¥hivesiBO (WscidB). PhdBerntb?d, mamed 48 iddudes coupling

di sposed within such space (i.e., disposed between

the fwstinberaliyde wirg bonds o, the firstoplurbily %@a%w| thgf the diest plurality of
wm? ﬁénﬁﬁ)sr é%lzs)ppi%pvg%&]n] %g g%ﬁdgﬂaﬁ:% 3\6'1 t(galﬁgl%ﬁg%e {)@‘3 q}eg%é% the active

sidd)add anmvlmingbsdé (g4 Mnemntingsidn 80N and emhﬁdmgenide 40Meof the QFN

eig H3_is |l ess than about_ 0,40 mm 0044 ad 600
Pacpeger &I%d 73D aMaspriFEt rr%wﬁa?@r ngludes, @P%ﬂﬂ%’g fgrst semizonductor

chiS ¥R REE lu@alﬁ%@lrwure%nd@l dn@ht 1 %&ﬁfm oF {Hel f‘ﬁ'ét plurality of leads in a

onduct terial I'n' ‘accor anc
moldivipadatenalt (.ol .eaald GeQerial 340 pfotedt 7H0). copper I n anot her
[ﬂﬂfﬂbo nI gg:ggdanlzg %vqth(se?r%ﬂllesr efm %Eder%f m%%%eioot Er%}udesia ?orPn?r?g a second
plurality of leads (c.g., leads 306 and leads 406) (block 750). Block 750, in accordance with
one embodiment, includes forming at least one mold lock (e.g., mold locks 610, 620, and/or
630) in at least one lead such that the lead is substantially unable to move in a direction

along an X-axis, a Y-axis, or a Z-axis. In another embodiment, block 750 includes forming

at least two mold locks in at least one lead such that the lead is substantially unable to move

in a direction along an X-axis and a Y-axis, an X-axis and a Z-axis, or a Y-axis and a Z-axis.

In yet another embodiment, block 750 includes forming at least three mold locks in at least
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ni ckel, a nickel-palladiumfilm a nickel-gold film
wooosadme or a chromumfilm [0045] FIGS. 7ArendsiiBriersadd

illustrate a flow di agramrepresenti ng one enbodi nent

onled sy e S TR B RRGEAES o e o, o

Y-aXiZ §nd b Z-8GE£0r dance with one enbodi nent, nethod 700
inftiates by forming a first plurality of |eads
[00¢8]. gFprtheragse, 3gshaht)( ivalidesidigposiry @cidhadE) a s@ood ketive side (e.g.,
cordance W t I ment ncI u

705, 1
actifg Bie 45 BR0RE SBRBTGH (e yremiioRs ERE 153} gn & sccond
pluﬁtii@y oﬁl@% 2838 dsi408ahdloe aﬂ) &@Rﬁk'ﬁ@)ﬂ Bttt di ety 700 includes
u

stantlally unab o nove in a direction
COU@h@@]@ saeond pluradity af wnaxb@ds é@ g.a wireghansls 43h) tnthetspond active side

(blow I‘E(}Ithelnﬁl!:) %} %t'/’dé)ﬂigll: nge ofuﬁflgé El%ast%EQrLdgﬁﬁltahtt f:c’ wire bonds

to thelRs¢ordtpladalisy ohRAabe sich iy thei d&c@lcﬂplﬁxﬁﬂity off vﬁf@h@carare disposed
X-axis and a Y-axis, an X-axis and a Z- axis,
Withﬂnatk? $Paged(ces- Zspags 401) hefsen iossrend entvrpide rﬂnd tBF dequnting side

7%0Mﬁh%ﬂﬁ§gg?ﬁﬁ Paétkﬁgg bl{,‘g{ RE fgsymol d 1 ocks in at

‘east suc substantially
[004%1abIMethod FO0cin ome anUd)dimehi amcledesn@uplingatdast, oree lead (c.g., lead

o T B IO GG TEL P38 0% o .

w1ré Bofld 432 Adloe7 A der3ddnAnd, Akltouerod ﬁ&@luﬂ%lmﬁﬁm@ the at least one

first sem conduct or chip (e.g., sem conductor
wirg llz@ndamhghahthmwda bood ischispsad Bytwoen thedirkt active pﬂda raadflot the second

ead bl ock.710 In tion, nmethod 700
actifh sio€ 338 SS9 (IEEHR LTy O wirve bands
[0086)- OIn a¥édr@arRengih 3R amBodiicat, Wwemmad 7RO Indlwick N@casing the first
first active side (block 720). Furthernore, nethod 70

senjiepadyefes chipuhe segond ﬁ@mcpndworpﬂup,aﬂhretf;rmopluwim o gvigrs bonds, the

sec%ﬁi uélgﬁh%‘r’ﬁ“fgl}&g@ fj%}r% aéo%ﬁgﬁ g? Eﬁ?e‘ﬁdjstt\;ﬁi%athlyof ea&st and at feast a

pori(i(m gf thes paoad Jhdratitydos ;Imdse 114&11)10b:&1ﬁg/\/ﬁemertd11 ge gc;tmulﬁ materlal 440)
Oﬁk Smdam)ntlng si de nmounti n snde%
(bl B0)-ndn @repsdanse)wigh ap e@mbo a@%g‘@etg?ﬂ F0Q i @;es encasmg the

firs® RSN Iyt ehi}? ‘#l‘rn# g&o?{i} glﬂk%%ﬁdﬁﬁ o0 a? Othb Hsfl pi em'hﬁathty of wire bonds,

sem conduct or Irst p Tty of
the baodd pluality atf Wissalsdnda, gdedst @podfont dfen fitst btad (gl.e1r lehd HORB), at least a

pororng 5 sk PP Ay of leirdi sk PRt roRbB ety of leads n
amswhigdmm%ﬁhb rgletxhae rm@nm%y(iﬁéckf syl ng a second

plurality eads . 0., 306" and | eads 406)
{0051;“ oNlatabBo)alth@llghcmeﬂ@(d 7(}(}1hafcb®|nd@msw tnha p@rtg:ular order, method
7003 1% n&t regﬁg%dgolbgcagg%%é ?rg{g;]ﬁ %g%eﬁ é)f%srenf%gs &JMF?]VC&{ va[rlé)gg Fmbodlments
of Iﬂétﬁodl eaoi 8 eté{b?ltgndrhﬁoﬂeaﬁdhe StepblAsdcagntd abbye WikksetOto blocks
705 through 785

[0052] In summary, various embodiments provide a Quad Flat No-Lead (QFN) package
having a mounting side, the chip-scale package comprising a semiconductor chip including
an active surface and a inactive surface, a plurality of leads exposed on the mounting side,
and a plurality of wire bonds configured to couple the plurality of leads to the
semiconductor chip, wherein the active surface is oriented toward the mounting side and the

plurality of wire bonds are disposed between the active surface and the mounting side. in
10



along an X-axis, a Y-axis, or a Z-axis. In another
enbodi nent, bl ock 750 includes formng at |east two
wipteds/hiaeses in at | east one | ead such that the pepts:m®7/078444
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net hod 700 i ncludes couplin

F h
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loctbd!hdd éetni’er OF teGAGt gc‘sgﬂet ﬁﬁttﬂé bide Sﬁlﬁ%@}éﬁ“ﬂéﬂtﬁ‘hf §1¥eso f

w re bonds are di spoSe the s
[003,4]1) Ibatofiess entbodirset pthd GIOY m@cage thee mnnhttﬂgesmlmmmudega w1dth that

.18 n(ok) Fg{"-ef%%s éb({l%g%]nn%éﬁqggedfoq ) mgﬂ%o&)g ack e package is not

gredtBCthbisl 85018 QURini MoRbvere@8dticUTe WRRHof Be QFN b@ﬁﬂge @@Qﬁﬂdﬂl of the

to the first active side and to the secohd active sid
semy¢oadugtor ekiptis Dﬁ @rwtqrrethm h@. (BhegQFN mck@ebunaem@her embodlment

lnCIEIE(j:SOE&He ggé of the prlura r%%leggssﬁ%\ﬁng? %g?égn ﬁesﬁ\%?e? lél%ﬁlglﬁl‘tg ?gvo-tlered

surflcspiarel Patave iR thdentinorstde, agd Wheres SldeadhOwiteldnd is coupled to
second. actjve side, and t he nmounting side (bl ock
the getiyp sideng dhe W-ﬁ@r@éﬁ@réﬁ@e with one enbodi ment, nethod
0 S C
100551 QUEL MRBRRRGAS hRRIACS OFNTBackBRTAARY WLyl Bgp. e Qi
packdgeeobpniding at fist ssmvondugbuictep ihyludingvi fiest ofids sudice and a first
. | east éaortlon of the({uﬁrst pl ur I|ty of | eads,. and
inacive| WLiape, £ Serond; gsmiggn wHDg &1 pecpneractiza gyrface and a
secdn!& ﬂaé'{lee%ﬁgcéT%t st gluraﬁﬁy Qf: le o‘ﬁeﬁ‘@ﬂ ! tfib m%?imm% side, and a first
(bl ock . I'n accordante WI anot her enbo
Piurﬁbfbfl‘ﬂfdw 17@ @ondscctmu@hag dlhrec fissit pgiralitg offleads tto stenfirso netnizbnductor chip,
second.sem con the fi.rst
vt oo FftY aBERORIRRE S GREREL lobtard M ipotiine gifleymeths, frsg plurality
of vARNBSnds alre HRPSIedDHePREN @B ﬁ?ﬁt atibb katfadesad hé n?ounuhg affle. In one
408), at least a portion of the first plurality

embodiant, the @FN package futhso pompnsasfa sehendsplumlity pf lstadﬂ otiignted on the

o S By PPNt g e ot ot o

the bearondeemicdndeeiss ekip] Wherdddthd Sdtoad phirdRey, ofMRiBAbnds are disposed

| ‘between the second active surface and the mounting side.

- [0056] In another embodiment, the QFN package comprises a first wire bond coupling a

first lead to the first active side, wherein the first wire bond is disposed between the first
active surface and the mounting side. In yet another embodiment, the QFN package
comprises a second wire bond coupling the first lead to the second active side, wherein the

second wire bond is disposed between the second active surface and the mounting side.

11
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700 is not required to be perforned in the order
present ed. Moreover, various enbodi nents of nethod

wihthosresaommi t one or nore of the steps di scusseficph®yR7/078444
with respect to blocks 705 through 785. [0052] In
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[0060] thmmthepeﬁlbadizﬁle@a(ikéi@@tﬂo& fodhier cOMPALEY il I\;}fb@ﬁlga*ao Wécohd active
Moreover, a. ratio_of a width of the ackage to
side;of 4 drcpnd perpicanducion chiman ¢ seowchplyralisy ab 1qu%ah@ﬁeqondmlurahty of

¢

leadl% r?gleﬂ;&ggmgylnmeasiﬁﬁg%ldeo#d i Iea%PQ&)Hftfo (Wq%ql%l eagé Secon rPlurahty of

leads ip @ggmgdsjmaﬂedmnﬁitu@ side; acdu‘phng Iaaeed(ljd plurdltg f wire bonds to the
orjented. to t he .mounti e, an rein at

seoqnd AcfIve, side Gt tRe feroadi Ssmemgg‘aar £lyp; pnrbooupling dhe perend plurality of

wird b&lds\’t@ ‘tﬁé ﬁc@ﬁ’d gﬁfr&lﬁ? &f 184 RherStEE Q! %A{ﬁ%ﬁhﬁof e bonds are
provid ckage having a nounting si ‘a._r

Oﬂep@d ngéee@cthp rsccsmdgicavé istdstandahe mmumng csrdec Hinpa further embodiment,

the ffHlCar Sufiieh HroBfing ARt SRR 1f 44 F AgH surtice and the

- secondeRfite agfdc¥e [ Uhd amBodARnA coupling the first wire bond comprises coupling

a first wire bond to the first lead and the first active surface such that the first wire bond is

disposed between the first active side and the mounting side, and coupling a second wire

" bond to the first lead and the second active surface such that the second wire bond is

disposed between the second active side and the mounting side.

- [0061] While at least one exemplary embodiment has been presented in the foregoing

detailed description of the invention, it should be appreciated that a vast number of

~ variations cxist. It should also be appreciated that the exemplary embodiment or exemplary

12



LN

second inactive surface, a first plurality of |eads
oriented on the nounting side, and a first plurality

WEf 2008/0329230nds coupling the first plurality of Ppepas2000078444
the first sem conductor chip, wherein the first active

ace is oriente to rd the. noyn and th .
em??‘i‘%mﬁl 45 g1t §Fames, ARE oo Relciniapde cdie foefbeisedbie i hcabil, or

dtioh If tRE tﬂv\éﬁt &p{ﬂ‘ d i ion wi
cotagnfon 1 (8 LR 807801 1 N TR i lgon il
progidg rtbwetS&ﬂlB%ﬂ ih dhedart withemeenyeoient toad npapufior implegiedting amexemplary

Iural .W re.bond t he seco
emBofHERret e ool iPheitlh kB aQRB6 4oL ERriti e ey, bp made in the
ﬁmwd‘itﬁf ahd drﬁﬁgérﬁ@tﬁ%f Bletents HdscbedMin QnbORADHIAYCembodiment without

di sposed between the second active surface and the

epﬁﬁm fromg the srepe pbisapventionrms shichorth i i appanded; cﬂ@m@rand their legal
e conprises a first wwre bond coupling a first

mnﬁﬂgﬁﬂ?o the first active side, wherein the first wire
bond is di sposed between the first active surface and
the nmounting side. In yet another enbodi nent, the QFN
package conprises a second wire bond coupling the
first lead to the second active side, wherein the
second wire bond is disposed between the second active
surface and the nounting side. 11 WD 2008/ 054929
PCT/ US2007/ 078444 [0057] In yet another enbodi nent,
the first plurality of |eads and second plurality of
| eads each conprise at |east one nold | ock coupling
each of the first plurality of leads and the second
plurality of leads to the nold nmaterial. In stil
anot her enbodi ment, each of the first plurality of
| eads and/or the second plurality of |eads conprise a
j ogged- shape to couple each of the first plurality of
| eads and the second plurality of leads to the nold
material. [0058] Alternatively, the nmounting side
includes a wwdth that is not greater than about 5 nm
I n anot her enbodi nent, QFN package includes a hei ght
not greater than about 1 mm [0059] Various other
enbodi nents provide a nmethod of form ng a QFN package
having a nounting side, the nmethod conprising
di sposing a first active side of a first sem conductor
chip on a first plurality of |eads, the first
plurality of |eads oriented on the nounting side and
at | east a portion of one of the first plurality of
| eads is exposed on the nounting side; coupling a
first plurality of wire bonds to the first active side

- of the first sem conductor chip; and coupling the
first plurality of wire bonds to the first plurality
of | eads, wherein the first plurality of wire bonds
are oriented between the first active side and the
mounting side. In one enbodinent, the nethod further
conpri ses encasing the sem conductor chip, at least a
portion of each of the plurality of |eads, and the
plurality of wire bonds in a nold material.
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Furthernore, the nmethod further conprises formng at
| east one nold | ock on each of the plurality of |eads
to couple the plurality of |eads to the nold material.
[0060] In another enbodi ment, the nethod further
conprises disposing a second active side of a second
VVetﬁgﬂ}conductor chip on a second plurality of |eads, the
Second plurality of |eads oriented on the nounting
side and at |east a portion of one of the second
lurality of [|eads is exposed on the nounting side;
1.A &9@9@% a-lsadd RN packacey the QRN @a%ﬂ&scwr?eﬂ@g:[
second active side of the second sem conductor chip;
a maldd medeniali defining thec 6N ppackaget incbidingy 2 enpuntirg tside having a
periméter;second plurality of |eads, wherein the second
plurality of wire bonds are oriented between the
a sehfsHtiices ENip BiclRlimnGri hetive ¢itabd sidlen inholivé Usdfi®e housed

withi® RO Riateridine nethod of conprises coupling at |east
a first lead to the first active surface and the

a pluP AP B 10K d4posHE [ RCHe hBuff HB%d”’Bfﬁiau ﬂﬂﬁkéa‘%i&g‘?the mold
matepl. R it o I RS R Gl o el Bt anc

that the first wire bond i di sposed, betyweep th
a p!ma?fgt Qfc it Rongs m%gﬁée ntCaoHeFé‘s_itB@, olral ouﬁ igagls to the
semigordusipidchipr whepgin dhe adtive suriese is aignier tawrdstieomgunting side
and ther plusallyr ofawdresbonds rere disposeit hietvepn dhpoaetivies surface and the
mourdingpside evithat theemotchmatertdnd active side and the

mounting side. [0061] Wile at | east one exenplary

enbodi ment has been presented in the foregoing

2. THeehRAN ]S‘é’c atcc‘ﬁi&éiin%, th_afré%%hé\tﬂ’u%ii%f ibthd§ %H*n[ﬁ':eg% at least one
85 B I e R s O

e | ment. or ex | ar 12 VWO 20 054929. .
3. Tracr L BBtka gﬁ&ﬁa%?fﬁb%@e@ﬂteécg R %3053&" Jgads, ggrprises a
~ loggeg-ehaps 1o gach o %P'lt““'i' feokteags o pmAdmateligl o
configuration of the invention in any way._ Rather, the ]
4. TheoflEQbpagkans af (ckaimdds Eurithsri ernpising ey sifie fageted substantially
opposike thesmioLinting siderandaa piuraliyofateralisidess achareaim: f or
i mpl ementing an exenplary enbodi ment of the
a first oaretet bbthe sémitdindactordsis ioderttedtsubatamiatly ¢hangsdnd center of
the QY p&skdrdentn the function and arrangenent of
el enents described in an exenpl ary enbodi nent w t hout

the sHEHR/ LbAR: (& g;geﬁgg at PRen frtcﬁ qﬁa”ﬁég@?ﬂf&id@? tﬁ?ttcr)]é %Fc}é] and the

k ppen alnms an elr equi val e
p!uralit © %e%é claim 1. A Quad Flat No-Lead (QFN) package,

t he QFN package conpri si ng:
5. The QFN package of claim 1, wherein a width of the mounting side is not greater
-than about 2.5 mm.

6. The QFN package of claim 5, wherein a height of the QFN package is not greater
than about 1 mm. o



a nold material defining the QFN package including a
mounting side having a perineter; a sem conductor
chip including an active surface and an inactive
surface housed wthin the nold material; a plurality
of |eads exposed on the mounting side and partially

7. Trlﬂé) p\g'c ?IE i gpetng A |%ltl thf e(f'i’iJ th 9f\| package to a
dt%@g Sﬁm'cgﬂﬁugoaﬁwﬁs{v PE;E EALG @&ﬁ%onf . Eg?ed to

coupl e the plurality of leads to the sem conductor
wherein the active surface is oriented toward
8. Thm@ﬁ%gﬂﬁkag@ gfi elaim dnavhemeinptdeastiane of thei pleralibngtleads includes
a joggiesipoisane bevingem twhdieded isusasardrianéeditowars thexmiminting side, and
whersirdat leasthome wire boriddis reuptadato. thé .acTive s@eNapd theatye-tiéred surface.
claim1, wherein the plurality of |eads conprises at
| east one nold |ock coupling each of the plurality of

9.A Wﬁaél&g‘eﬂ%\ﬂﬁé & HBLAY d@&lde3theT©PN%Id§?%:tggl3éﬁing:

claim1l1, "whereih each of  the plurality
a first ?g@gc%o%%ﬁcﬁafr c{hgg %ﬁ?ﬁ%rﬁ%c&@%&{u&aﬁ%%ﬁ fi% ‘ﬁwa&lKre surface;
ase%tfﬁ%%ﬁ'cguﬂg?@ﬁ%m inglickn sEEaRe RElT afireRg “Dridboashnd inactive

surfagep)| urality of lateral sides, V\herel n: a first center
of the sem conductor chip is oriented substantially in
a firshpkialiy of badisariested phdh@moyniiogaids; antd t he second
center is located at a center of the nounting side,
a firsheldarafitysioflewirantontle colplirg) ithy fifst spldeslity Sof Tead$RY the first
semibesdiager ¢Hip ovBérmsid, wherein a width of the nounting
side is not greater than about 2.5 mm 6. The Q:N

the ﬂFé.ft‘%\%ﬁQ@ sOfald A @léwte&‘fﬁwg a@%% SHe! ?@d N e

age I's not greater

of cla m. 1 mhereln rat i,0 wi dt
the fl%? S0 eligeSorisart, aiRSS) Befub @l ife SraithdtyF ' Sifipe and the
mouqtg]g %reater than 1.2. 8. The QFN package of claim1,
wherein at | east one of the plurality of I|eads
includes a jogged shape having a two-tiered surface
10. Tbei@?iﬂ@@ckagaogctaﬂe Shdunthengprepingiand wherein at
| east one wire bond is coupled to the active side and

a secohd pluvatityl sfrledds vriéaied. on the Molhithgseileagadhavi ng a
nmounting side, the QFN package conpri sing:

a second plurality of wire bonds coupling the second plurality of leads to the second
semiconductor chip, wherein the second plurality of wire bonds are disposed between
the second active surface and the mounting side.

11. The QFN package of claim 10, further comprising:

 a first wire bond coupling a first lead to the first active side, wherein the first wire bond

is disposed between the first active surface and the mounting side.

12. The QFN package of claim 11, further comprising:



a first sem conductor chip including a first active

surface and a first inactive surface; a second

sem conductor chip includingi@ second active surface

and a second inactive surface; a fi rst plurality of
a sekgﬁﬂi%lpét b eg Lﬂﬂrﬁoﬁ\g@‘ﬂ%@hé g 5 ﬁbe roz \A}:eﬂSfde wherein the
SeCOPI L{{'ea So¥1d (ﬁ@ﬁﬁ?l rs Sege% con uc o) c & ¢ Anld'the mounting

©the first active surface is oriented tovvard t he

nmounting side, and the first plurality of wire bonds

are di sposed between the first active surface and th
13. HriRRfNgpaskaee afoclaime! Grahesix dae st elusality of Fﬁ@ﬂﬁh@d second
piuralitypf ileadsy eaahs@n'npmisqalaﬁriamtt gnefmblgatbckoeoupiingdeach of the first
pluralityeofrfeads and tlé decorahpliusality 0b lechdsltartad intold ofateriake

bonds coupling the second plurality of leads to the

second seniconductor chip, wherein the second

14. THUOFN bﬁcl@d{é éd’\gilré ﬁﬁ%ﬁi“l@s mﬁfe?elﬁ'éé&ﬁ@@gfﬁr%ﬁ%ﬂrﬁlhp%ﬁ éeqads and the
t pluralit
2}3(':;) ag@%ihr&g {j% H%Wéﬂrtno%ét e ac ](% irst plurality

on coupl | ng hg} | rst act i ve
side, wherein the fi rst wire bond is disposed between
he first active surface and the pounting side. 12
T%' QMNP Ags daim Pahetain § width« thg W@i"&ggs'd%s ngt greater
than gbewinidvnfe bond coupling the first lead to the second
active side, wherein the second wire bond is di sposed
bet ween the second active surface and the nounting
16. ThedQFNL pacKage QFNIgiacBaghepéincinal @FN) pavkegeincliides a height not

greatbr tHein #bolital iy, of | eads and second plurality of
| eads each conprise at | east one nold | ock coupling

each of the first plurality of |eads and the second

' I I
17. ng Cﬁ@g ?%FQQ? g??n%%tq%\m%r%égﬁ tgg glﬂ&ﬁ'{ 6ﬁhe rﬁéuntﬂbem% Ns, 5 mm.
plurality of |eads and the second plurality of | eads

onpri se a jogged-shape to couple each of the fir
18. TF@“BEN Bylchs BEaIAmatd, Whe 8B DRGIPN PaPHAGE Bclydai height of
about @8tm@.nol d material. 15. The QFN package of claim9,

wherein a width of the nmounting side is not greater

than about 5.5 mm 16. The QFN package of claim9,
19. ThoeQENnpadtieagarbdf plairkag ewhadinidies fissthslugdlity Bdtleads each include a
height in the range of about 0.15 mm to about 0.4 mm,

20. The QFN package of claim 1, wherein the plurality of leads each include a height
in the range of about 0.15 mm to about 0.4 mm.

21. A QFN package having a mounting side, the QFN package comprising:

a first semiconductor chip including a flrst active surface oriented toward the mounting
side; :

a second semiconductor chip including a second active surface oriented toward the
mounting side;



greater than about 1 mm 17. The QFN package of claim
15, wherein the width of the nounting side is 5 nm
18. The QFN package of claim%7, wherein the QFN
package i ncl udes a height of about 0.8 mm 19. The

F;}ﬂg wWherein the first plurality of
a Ieaﬁ e{%?ﬂql ncl ud—mngls(??]m ght in the range of about

. out, 0.4 ack of claim
a firs] Wf%ergf o iing chd B méhretafivinfiten i ac
helog in the range of about 0.15 nmto %out O.4nm
a segond wirgyhqng é‘@k‘é’&@g |ﬁ?§’ tg tH%lﬁ%’FPH‘@'%F'\S%SU #eE-OFN
package conprising: a first sem conductor chip
including a first active surface oriented toward the
22. Treu@F Nnppckeigdasf daise2bnharein therfirstwire boimdgs idisgosedrizptween the
first acthecagndaastant tismidundingr sielet ethd twasdcomed wirebonidnig disposed

betwekehe sdcod heié QUrfa & e ineentyBidelg side; a
first wire bond coupling the lead to the first active

surface; and a second wre bond coupling the lead to

‘QF CldfRaif 54 %ﬁere%?ra widfh FMNPRBKARS, Slde is not greater
thanﬁt R%%H@% i ﬁwj St wire gnond IS g spo%eéj tgreate

first actlve surface and the nmounting
side, and the second wire bond is disposed between
the second active surface and the nounting side. 23.
The QFN package of claim 21, wherein a width of the
nounting side is not greater than about 5.5 nm



