SEMICONDUCTOR PACKAGE WITH PASSIVE DEVICE INTEGRATION
BACKGROUND TECHNICAL FIELD The present invention relates
generally to the fabrication of semiconductor integrated circuit packages,
and more specifically to packages with leadframes for passive devices.
BACKGROUND ART Digital products, such as cell phones and wrist
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electronic products are integrated circuit die which continue to be made
smaller and more reliable while increasing performance and speed. An
integrated circuit is typically packaged in a tiny box-type structure usually
on the order of a few millimetgpsaer;RiIGENIHE integrated circuit package
generally has cylindrical terminals formed through a passivation layer of
TECHRedntegrateghcircuit die to square or rectangular contacts near its edges
for directly bonding the integrated circuit die to a foil-type leadframe that
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body of a hardened, insulative encapsulant material then covers the

integrated circuit die and the leadframe. A series of problems related to
BACRtgrRiOtesmBtack gircuit package and the leadframe becomes worse as the

size of both decrease. Negative electrical effects such as, electromagnetic
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. overcome these problems, passive components have been placed on the

continge b Radsetnaker sl imeas 1 iahininatls Mg stRIBSSEIPICRMRfeitd speed.
ThesmRasaME dRVIRES INsltkls, panagitars KEetsiasx-ayskinaueiatsuMYAlly on the
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into an integrated circyit package using surface mount technology (SMT)..
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becomes worse as the size of both decrease. Negative electrical effects such as
electromagnetic interference, or undesirable coupling between leads in the leadframe, result
in slowdown of electrical signals, cross-talk, or other problems.

To overcome these problems, passive components have been placed on the leadframe
between the leads to eliminate negative electrical effects. These passive devices include
capacitors, resistors, and inductors.

With the pressing demand on integrated circuit die to have higher density, higher
integrity, compact size, and multiple functions, passive devices have also become smaller and
lighter. As a result, they can be integrated into an integrated circuit package using surface
mount technology (SMT). However, this has created its own set of problems with many
different types of defects.

Keeping in mind that a passive device may be the size of a grain of sand, problems

such as misalignment, bridging, drawbridging/tombstoning, or missing passive devices may
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solder connections so as to provide high resistance, or may actually not
contact the solder connections required so as to produce an open circuit.
Drawbridging/tombstoning occurs when the surface tension of solder lifts
the passive device off the leadframe and results in an open circuit. A

occur MK GASSHIR d6MEE RN REGHADEIRUSRINR deviess Akg Bxigmehshort-circuit
small and may be easily dislodged. Prior developments have not taught
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present invention provides a system for an integrated circuit package
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the groove to be held by the conductive bonding eé%(%r#. This system
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and mRkidgingsifrawyigging/tombstoning, and/or missing passive devices.
Certain embodiments of the invention have other advantages in addition
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these PRIIEBRIHVH R skilled indheskillclramis teading of the following detailed
description when taken with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a view of a passive

device with a body arg; PSP UPSRERFEREE is a plan view of an

integrated circuit package in accordance with the present invention; FIG.
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2B--2B; FIG. 3A'is a cross-sectional view of an integrated cirCuit package
leadfraipgilaa g pd caBiipgen Almneatve Empetimaneast hegréyehtimdegtiva bonding
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to FIG. 3B of a further alternative embodiment of the présent invention; 2
agentF|G. 3C is a cross-sectional view of an integrated circuit package similar
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_invention; FIG. 4Ais a plan view of an integrated circuit package in
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of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view of a passive device with a body and conductor metal ends;

FIG. 2A is a plan view of an integrated circuit package in accordance with the present
invention;

FIG. 2B is a cross-sectional view of the structure of FIG. 2A taken along line 2B--2B;

FIG. 3A is a cross-sectional view of an integrated circuit package similar to FIG. 2B
of an alternative embodiment of the present invention;

FIG. 3B is a cross-sectional view of an integrated circuit package similar to FIG. 3B

of a further alternative embodiment of the present invention;



FIG. 5A is a plan view of an integrated circuit package according to a still
further embodiment of the present invention; FIG. 5B is a cross-sectional
view of the structure of FIG. 5A taken along line 5B--5B; FIG. 6A is a plan
view of an integrated circuit package according to another embodiment of
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FIG. 6A taken along line 6B--6B; FIG. 7A Is an intermediate step in
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removing a stencil, positioning the passive devices, and reflow soldering;

embogifacny @it SFIEIYSIORIG. 7B after deposition of a bonding

conpaunsk Fipseigitilstivetyrenef sttt € AfaGPagitiaRdAt Ring line 4B--4B;
wire-bonded integrated circuit die; FIG. 7E is the structure of FIG. 7D after

bbHdimy Wited BtwEsH L{vire BErwiaqdiStEgrimtr et AR 4ng 0ag still further

embod@r@erss fiilfe pfésdaths siusiure of FIG. 7E after deposition of an
encapsulant; FIG. 7G is the structure of FIG. 7F after de-tape or removal

of the AbHBaigEEspECteng! RS e stcttre e s dtar Mg iator - B;

FIGG7 b8 the stplgturd R RIS af Fithegrattiienaiei € phedirnenicsh@iwingo another
the formation of solder balls_; FIG. 7J is the structure of FIG. 71 after
embodymeinbtRE RIS HLILERH ¥eHowing to form a ball grid array: FIG. 7K is

thectreBtiye elokdGectibaierisingatatianiotfeenan indviduadiniegmpled 6B--6B;
circuit gackage for a wire-bonded ball g‘rfilg array package; FIG. 8A is an
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packapackageoidacecsidanae pikeanoineitialiernative embodiment of the
ure of FIG. 8A after remaval of
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devicaitash meiothoiddeaitponded integrated circuit; FIG. 8D is the structure of
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FIGG8EDNveahedtfacthall ateich andareitoywsifisoiltien bailts-bonded integrated circuit
die;
FIG. 7E is the structure of FIG. 7D after bonding wires between a wire-bonded
integrated circuit die and lead fingers;
FIG. 7F is the structure of FIG. 7E after deposition of an encapsulant;
FIG. 7G is the structure of FIG. 7F after de-tape or removal of the adhesive tape;
FIG. 7H is the structure of FIG. 7G after singulation;
FIG. 71 is the structure of FIG. 7F in an alternate embodiment showing the formation
of solder balls;
FIG. 7] is the structure of FIG. 7I after attaching solder balls and reflowing to form a
ball grid array;
FIG. 7K is the structure of FIG. 7] after singulation to form an individual integrated
circuit package for a wire-bonded ball grid array package;
FIG. 8A is an intermediate step in manufacturing a ball-bonded integrated circuit
package in accordance with another alternative embodiment of the present invention;

FIG. 8B is the structure of FIG. 8A after removal of a stencil and leaving solder paste;



in the apertures; FIG. 8G is the structure of FIG. 8F inverted and

singulated to form a ball-bonded BGA package; FIG. 8I-I is the structure
of FIG. 8E in an alternate method of manufacture in accordance with the
present invention; FIG. 81 is the structure of FIG. 8I-1 after singulation to

forpos thechad-Hpendactinte trpters ckpui Rackaganintd oldepaltdehdéd Gategrated
9A is an intermediate step in manufacturing a ball-bonded integrated

circuiiycyit package in accordance with still another alternative embodiment of

the @resen iRy enianrc oG 18Bge HrestuatNeaidnG. 9A after removal of
a stencil leaving solder paste; FIG. 9C is the structure of FIG. 9B after a

bEkhSHasdhRtgretEg efElit-diP itk demed gunismsea o dhc afkesive tape;

passiverdRVike StretRwesinio; POBiipnirt>to? B4R theairksdweohFdSs@fer balls
after encapsulation in an encapsulant; FIG. 9E is the structure of FIG. 9D

in the JREYESape or removal of the adhesive tape; FIG. 9F is the structure of

FIGGORaNianRItewnatere Bheutnant sheywbigderneaiiemedd s6ldemballsall-bonded
FIG. 9G is the structure of FIG. 9F inverted for ball attach and reflow of

BGA paekasitier balls in the apertures; FIG. 911 is the structure of FIG. 9F

invEstedrang sitgutateaite tarmiabakbpndaddiain gt onétiaydoackaggufacture in
FIG. 91 is the structure of FIG. 9F in an alternate method of manufacture

accorganee WAHY BRI GEA Y VYNt invention; FIG. 9J is the structure of FIG.
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IG. 10A is a method for manufacturing a ball-bonded

. _.asolder attach;
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attached, ball bonds formed, and passive devices reflowed into position;
FIG. 9D is the structure of FIG. 9C after encapsulation in an encapsulant;
FIG. 9E is the structure of FIG. 9D after de-tape or removal of the adhesive tape;
FIG. 9F is the structure of FIG. 9E in an alternate embodiment showing formation of
solder balls;
FIG. 9G is the structure of FIG. 9F inverted for ball attach and reflow of the solder
balls in the apertures;
FIG. 9H is the structure of FIG. 9F inverted and singulated to form a ball-bonded ball
grid array package;
FIG. 91 is the structure of FIG. 9F in an alternate method of manufacture in
accordance with the present invention;
FIG. 9] is the structure of FIG. 91 after singulation to form the ball-bonded integrated
circuit package for a solder attach;
FIG. 10A is a method for manufacturing a ball-bonded integrated circuit package in
accordance with another alternative embodiment of the present invention;
FIG. 10B is the structure of FIG. 10A after the removal of the stencil leaving the

solder paste;



FIG. 10F is the structure of FIG. 10D in an alternate embodiment showing
the formation of solder balls; FIG. |IOG is the structure of FIG. 10F in an
alternate method of manufacture in accordance with the present
invention; FIG. 10H the structure of FIG. IOG after attachment of passive

deyices@ngsreflowrsaldernoridG 1881asdhe sHuBURaS HiSeh@tl circuit die is
showin%trim and dam-bar cut; FIG. |1 OJ is the structure of FIG. 101 after

attachgghhiybends Apgesd intd Baishfrglfuiass ratlesv el ROYIE-up view of a

lepdframe withea@ieRNE §T BRGOrdangeVititdbsulpfRsent invention; FIG.
11B is the structure of FIG. 11A havir;g%a assive device in the solder;
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FIG. 11B taken along line 12B--12B; FIG. 12C is a further embodiment of

formafjon qfsalder balls:of FIG. 11B taken along line 12C--12C; and FIG. 13 is a

cleRe-Up@Elan wiewehthadassme devica ofahnl GlidhBaftesrollor rellawtacture in
and FIG. 14 is a flow chart of a method for forming an integrated circuit

accordancgwith the prasris Eititthe present invention. DETAILED
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shown a passive device 100 having a body 102 and conductor metal

solderiigis 104 and 106. In the following description, numerous specific details

am(ﬁ.i\m i@tl@é@(hidenrél?réftﬂml@hl m@mg&mﬂ' ﬁl@f&ﬂﬂﬁa'tﬂh\dﬁit@ri?; HowevcEfr,
it will apparent that the inyention ma racticed 5 without these specifi
abtsi s sﬂala%?oogﬁé‘éu&ﬂ{ﬁﬁg g?g@é‘?ﬁ RS AO e lemal eads:
kFo@y/n 1I9ystem caofigupations and KetesssStens argnoldiselasastdance with the
detail. The term "horizontal" as used herein is defined as a plane parallel
preseqbiyEtHyentional plane or surface of the integrated circuit package,
ragay diessiotlitssarieniationt [Thel teymavivertigrissietadsvieaidlifiactisider;
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12A; respect to the

FIG. 12B is another embodiment of the cross-section of FIG. 11B taken along line
12B--12B;

FIG. 12C is a further embodiment of the cross-section of FIG. 11B taken along line
12C--12C; and

FIG. 13 is a close-up plan view of the passive device of FIG. 11B after solder reflow;
and

FIG. 14 is a flow chart of a method for forming an integrated circuit package in

accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIG. 1, therein is shown a passive device 100 having a body 102 and
conductor metal ends 104 and 106.
In the following description, numerous specific details are given to provide a thorough

understanding of the invention. However, it will apparent that the invention may be practiced



horizontal plane. Likewise, the drawings showing embodiments of the
invention are semi-diagrammatic and not to scale and, particularly, some
of the dimensions are for the clarity of presentation and are shown greatly
exaggerated in the FIGs. In addition, where multiple embodiments are
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packa passive V|ce y be laid ou e leads surroundin
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Further, since the passive devices can be attached into the grooves securely by a
conductive bonding agent, the present invention overcomes or mitigates the disadvantages
with surface mounting on the leads or the substrate. The groove structure in the leadframe
also serves as a means to reduce the package thickness when incorporating passive devices.

Conventional sheet metal forming methods such as stamping, coining, drilling,
etching, etc. can also be readily employed to form the required groove structures in the
leadframes.

For wire-bonded type leadless packages, passive devices may be laid out on the leads
surrounding the paddle without interfering with the wire-bonding process.

For ball-bonded leads, passive devices can be set into grooves below the ball bonds.

No underfill material is required for molded ball-bonded leads on lead packages. The passive
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formation. The number of passive devices on a printed circuit board can
also be reduced when the passive devices can be built into the integrated
circuit package. Consequently, the printed circuit board size can be
reduced or more room will be provided for external traces routing on the

devicdOR b WoaReIQURAIBRE0E RAGKBIRMCAR BEITOUREH fRRAHURSY the adli acent leads
integration. Package stacking applications can be made or additiona

only. Fishall handes2n-apitiongliradd s ebr bt Eowmthermmiae frelosnthe die.

AdditRgesbIidgingisoldar pasiadasrversigaitPempayidechalanasidathend thermal
roove. This allows the paste to be printed (aor adhesive to be dispensed

perfor?gﬁgrbfé e thesBlbhorditsre &p Serthdhsausirered RRadisirariepped paddle

profil@ttaghraide thelgiopMproloegaRalineastIbe BaRsHYR dexias and thevents void
" g(rgoove can be filled with solder with capillary effect during a regular
orma,

fier reflow operation. Further, passive devices and high-temperature

salienbvasoThetelioned soachiiesd\ifReferdaginay 662 Ruced when
therein is shown a zlan view of an integrated circuit package 200 in
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circuilBSard Sidebey 1 leaet Bngersoe toarauwnd heppeviabensitberaahbl hedeashting on

b fingers 201 have generally straight tips but may have tips of different
the boggdhfigurations, which are used in accordance with the present invention.

Theriptegratad cidedippackage 208 fivthed ifg wigsAileagtiase Pacdige stacking
. 202, which can pe of @ri,ous configurations, upog‘?which an integratgg} |
applicafiofi B S AdG AL AR OPALPIIEG AECENEHft LR BIRIRALR 10RRb IS FXtera

leads.contact pads 204 to which a number of wires 205 are attached at one end

and connected to the lead fingers 201 at the other end. The leaqd fingers .

05 TRE BHPAITE B0 oSy SRet e i E 05 o Eside the
groovirgsi2 @i are tegmhsddecbin i eacapsidisnivion. JdéidpatkéingersdeQhe reservoir

the leadframe paddle 202, and the wires 205 are generall de of
before. 3y BIRHUR ARG ACKIE I BROT AR 1 e Lol e Enasaeen the

passiviél deac 2 dtioyes ace: farbeetliadthdtlessl dirgeis 2apikung/effdee during a regular
leadframe paddle 202. A medium device configuration 210 is shown with a

solder LHOMKRAEERR: device 212 extending between lead fingers 214 and 216
havinigestraighivtipsianddeashtindgeglgtoapemitd solder bumps can be reflowed

concurrently.

Referring now to FIG. 2A, therein is shown a plan view of an integrated circuit
package 200 in accordance with the present invention. The integrated circuit package 200 has
a number of lead fingers 201 around the periphery thereof. The lead fingers 201 have
generally straight tips but may have tips of different configurations, which are used in
accordance with the present invention.

The integrated circuit package 200 further includes a leadframe paddle 202, which can
be of various configurations, upon which an integrated circuit die 203 is attached. The
integrated circuit die 203 has a number of contact pads 204 to which a number of wires 205
are attached at one end and connected to the lead fingers 201 at the other end. The lead
fingers 201, the leadframe paddle 202, the integrated circuit die 203, and the wires 205 are
embedded in an encapsulant 206. The lead fingers 201, the leadframe paddle 202, and the
wires 205 are generally made of conductive materials and the encapsulant 206 is of an

insulating material.



and 217 in the sides, respectively. The terms "small”, "medium", and

"large" for size are relative to each device configuration or size of device.
Generally, a small device and a large device have widths or lengths

between the conductor metal ends which are respectively smaller or larger
thanetfe Ziié'%ft&‘&/@é?%@%‘rm MeiRDRAE §iRf LREOBT UGTHIGSHMRIBRAR paddle
such as the distance between lead fingers or lead fingers and the

leadframe paddle. A medium device will have widths or lengths between
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devices. A medium device configuration 220 has a medium passive

extendjag;betysondendhfinggrheltea 2edavingsiromht At dsad inrsegqayes 215

and 2 fipiwigithsiasd thepleadiigme paddle 202. The tip width is increased to
accommodate a lead frame groove 225 of medium width for the width of
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tip width and the leadframe paddle 202 having a notch 236 for the large
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239. A small device configuration 240 has a smalla%assive device 2

42 .
lead faetS Ah R AESE AR ArRsiramaPadding A Ladiurdngion Witkaveagdths or

lengtHinBer@E@0Vie: 24n dicesrersitid, anth atleadrdingasctdber fasge 6LVieell and large
. configuration 250 has a large passive device 252 between two lead

devicgl,gers 254 and 256, both of which have flared tips oppositely offset so as
toraeeemmmodatecdnelargerpassizedavica 26ailheapgosiiglyiolfsetXipstending
accommogdate the widely separated lead. finger. grooves 255 and 257.

betweRbo il RO A B B B o o e O S BATE e 202

The tiplongthing indiieag&l {bhe deathibdgey 2 kadsishaywrovil 1 leaadinger width for the

{dth g%e 217 being a bliiigd.ﬁré% e with a bottom 260. The lead finger

widt g) 95528 RARHYRiYR AR eiéttrically conductive bonding agent, such as
selderg2aRvandctidipiestiom 3askive: daicpaRlin dsdbittied 13D thevaasa lead finger
finger groove 217. The.mediu sive device 212 is attached theret

234 H B SHih P SRS FEM G SIS TS A B SHUEAs for the

large orakk-séctiorBiailpdstive|Fev2R A3 ancrhertgmbatiimernbhofedzedfesantead finger
inyention. The.leadframe 02 is pravided wi blind groove 300
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banglingl device configuration 240 has a small passive device 242 extending between a

202.

lead finger 244, having a side extension with a lead finger groove 245 on one side, and a lead
finger 246.

A large device configuration 250 has a large passive device 252 between two lead
fingers 254 and 256, both of which have flared tips oppositely offset so as to accommodate
the large passive device 252. The oppositely offset tips accommodate the widely separated
lead finger grooves 255 and 257.

Referring now to FIG. 2B, therein is shown the structure of FIG. 2A taken along line
2B--2B. The lead finger 216 is shown with the lead finger groove 217 being a blind groove
with a bottom 260. The lead finger groove 217 is filled with an electrically conductive
bonding agent, such as solder 262, and the medium passive device 212 is fitted into the lead
finger groove 217. The medium passive device 212 is attached thereto by the reflow of

solder 262.



solder 302. The blind groove 300 helps to prevent epoxy-bleed, reduce
the effective height of the integrated circuit die 203 from the bottom of the
integrated circuit package 200, shorten the length of the wires 205, and
improve the adhesion between the leadframe paddle 202 and the

eRCIRSIHAN RO 8o THE deAthiREiNe HiRdEIAOYRCRARRIDE SARTRARIFG. 2B of
of the bottom 260 by bein(f:] formed by the same process as used to form

anothgr, sIBRAAIGBWELhe RigssaT {RERIRNinGRs st paddls 2endharayidrd with a
blind SR @3VRRraEHM daad Hngpnd0dahich wapsareuadithige outsit ak bonding

the encapsulant 206 so_as to connect the medium passive device 212

solder igre fHis iR SERMNRCIINGIRA 10 PEELTAL SRATKD 858 dRdMRS ShessdisSive height
of thdh@tepearsWablidQfie Dus goablas additianal pRsSsivR dergecatiarhpacige 200,

and package stacking of additional integrated_circuit die within the same

shortegfhe Jeaeth sethny how b Fiesd spprgvsr g rdBRdombsRersehe \Sarftane paddle

202 afdGhSntnagiheroembodingnh offthe plasestdoventianelie RatframBat of the
addle 202 is provided with the blind groove 300 into which the integrated

p [
bottorpirfi i 268 FBMELY. R bEHBIR AeHie &8ss 1094 HBBS RN dgoq ves, such as
the lesf@E@REriptegvaterycircuit die 312 is stacked over the integrated circuit die

203. Wires 314 from the second integrated circuit die 312 are connected
tdﬁé‘?iéé%‘? ﬂ?eﬂ%@fﬁwé%?s‘ﬁf?ﬁ'ﬁ%\d@fﬁg‘ga%égﬁ? Fes 3eidhayssaround the

outsid%hf@N\lcﬂeﬁdif&ﬁﬁtﬂ@ﬁtiQO&M%?/ ﬁi%ﬂﬁﬁé@t&lﬁ.rﬁ&i@ﬁﬁmd heglambwd mernheide the
t resent invention. Lead fingers 320 are provided wi in rooves )
encapyiahi AN 3, BISS E ARSI 8%%%@%@8@3%&&%%@%&96- This
enablépadaacbifingrisiseiciiedeadtama pasitisa candtiae ot apailoni2fegrated
. _.The blind grooves 322 can be the same blind grooves used for the lead
Clrcul?iﬂ'ﬁewlél?gbé?ss% BIFREC3B. Referring now to FIG. 4A, therein is shown

apéaENiph ohvatd IRIEY B theidhils ghckage ARRtirackadanc® MiIlB Kén another

resent jnyention with an integrated circuit die ball. bonds shqwn )
cmbolliRETE bl T TSR A b LS EcAB A ABEY G the blind
groovHraPEr s varclu ek thedpesisdetercthie ko3 whislad. inte gratéia €induisiie 310 is

403 is attached by ball bonds 405. The number of lead forgers 401is . . .
deposic réggrﬁa“t‘?% icsralithypseibdisa I%ﬁ?gé%‘f‘iﬁﬂic?ﬁeﬁw Bgtﬁ%rél&fﬁn circuit die
203. avoaesdantérwiihtibeq@stnttsprentiotirQil ikeléad firgeodridicdhe various of the
%ﬁd circuit die 403, and the ball bonds 405 are embedded in an

lead tJ'ntegr
cad ThgE Sp ant 406. The lead fingers 401 and the ball bonds 405 are
gBrésatly madecoF Kondlictheecinatesials;nandriie-sntapalidatvdlmibuofoaRlG. 3B

of ndIRIABHRtEIAl & medun device SoTOUPHR 340 SRR vin bing
grooves 322 and 324 as well as undercuts 326 which improve adhesion between the lead
fingers 320, the leadframe paddle 202, and the encapsulant 206. The blind grooves 322 can
be the same blind grooves used for the lead finger grooves 217 of FIG. 3B.

Referring now to FIG. 4A, therein is shown a plan view of an integrated circuit
package 400 in accordance with the present invention with an integrated circuit die and ball
bonds shown by dotted lines. The integrated circuit package 400 has a number of lead
fingers 401 around the perimeter thereof to which an integrated circuit die 403 is attached by

ball bonds 405. The number of lead fingers 401 is representative of different types of lead

fingers, which may be used in accordance with the present invention.



extending between lead fingers 414 and 416 having straight tips and lead
finger grooves 415 and 417, respectively. A small device configuration
420 has a small passive device 422 extending between a lead finger 424,
having a tip extension on one side, and a lead finger 426 with a straight

tignd comencaniioyation i3 hetides@Rpsi/acievier 43¢ BEIWBSHEMNO05 are
extended, long lead finger 434 and an extended, Ion%?Iead finger 436
hégne

embeqddedAp apsrrpedan 48%edirrdaad aeetihbantths dhrcge generally

made $82oNihEIethaigas findersoenariaie1paia s Anadeaanetinaletne
extended, long lead finger 434 and the extended, long lead finger 436

extefi pERpERtR iaRdthlrisTHORRended: BRY IEAPTTGE: 49%ce 412
extendiAg BANIGEOTQRVA35 O 400 site Rndberexianded alrndeathiisgerooves 415

436 has an offset tip with a groove 437. A large device configuration 440
and 4 7 respsetisdldssive device 442 between two lead fingers 444 and 446,

bothahwhishcbavafibaiatips sppasialyeisphsasitaRecMRNasaim fieetween a
large passive device 442 between lead finger grooves 445 and 447

lead fiRgE Ay MR SR H IR ARCARIANS LendRdA B Jirgres S Tathas ey tip-
line dblder 4BnfidiganbR0falethaiiguit Ppsiage Ahcbas thelieaddingekrtifed, long

with a blind groove 450 caontaining the medium passive device 412 and

lead fipgap A5 3090 15XTEBARLS! %S SAP JUIREhE kiR d Srdahedidings, required to
acconffiedute i@y g dsias @ iige cdBp, inthereneapsidamAod othadlip aBipdrasel one to

contacts on fop and is flipped to the position shown. The integrated circuit
anothgr, & ageé%ée STlERiD 1&%&6%&? mﬁﬁizs%ﬁaeﬁ?g fﬁ@@%%#ﬁéoﬁxtend
perpefidith@irtalt hondshbd wRxiensdoereshpough.fifperateyrated widdlfroove 435 on
.pack 400 is often referred to a all grid_array (BGA). Referring now
one i a1 BerCSERETL TORR PSR ST oF B b st EL Bt
500 lageo ddngd e ansidhfutitre nemn hadiiniantohiis weReiddnaNberwvedih two lead
an integrated circuit. die.and ball bonds shown by dofted lines. The
finger e T o B B S g ol gt the
large passperieeier 4heeohienkiahfaipinteg@ated44irani 44 503 is attached by
ball ponds 505. T fingers 501 are representative ifferent types
RS sy TSR LT SRS o paenploNE The 4B
4B. Teenitegrafdie dradifipgeksgs 040 (a haadhiateadpdddie 308, wnhniagiatedroove 450
circuit die 503, and the hall.bo 505 are e dded i encapsulant
conta s A SOICRS oA ot B2 oS B Subport the
integrbedddro0b adie 48 erhly nadedftcandutlivematatials, ardghdant 406. The flip

._.encapsulant 506 is of an.insulating material. In FIG. 5A, grooves are
chip s OB EIAR 1R A LB B GO SBhe padidle

The integrated circuit package 400 also includes a solder mask 454 having openings
therein for further ball bonds 456 to extend therethrough. The integrated circuit package 400
is often referred to as a ball grid array (BGA).

Referring now to FIG. 5A, therein is shown a plan view of an integrated circuit
package 500 according to a still further embodiment of the present invention with an
integrated circuit die and ball bonds shown by dotted lines. The integrated circuit package
500 has a number of lead fingers 501 around the perimeter thereof to which an integrated
circuit die 503 is attached by ball bonds 505. The lead fingers 501 are representative of
different types of lead fingers, which may be used in accordance with the present invention.

The lead fingers 501, a leadframe paddle 502, an integrated circuit die 503, and the
ball bonds 505 are embedded in an encapsulant 506. The lead fingers 501, the leadframe
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502. A medium device configuration 510 is shown with a medium passive
device 512 extending between a lead finger 514, having an increased tip
width, and the leadframe paddle 502 having a lead finger groove 513 and
a paddle groove 515, respectively. A large device configuration 520 has a

padd1é2508 PARSIME: dRVICBoRde BeswasN- el finaRle RA40ANING @ iNaeASEtand the
tip width and the leadframe paddle 502 having a notch 526 to

encapgilaghmiiodfité I HaRE S Hevice 522. The lead finger 524 has a
lepdHicoergrepis &2ircanentig iaadtame nagdele SO2haza paddiRiframe paddle

groove 527 at one side of the notch 526. A large device configuration 530
" has a large passive device 532 between oppositely enlarged lead fingers

534 apdid3b b bireaseddis vdhsiRchnRighes iR diceepasadatgevice 512
the large passive device 532. The oppositely enlarged lead fingers 534

extendifg By Fil @ febiiRaget GrdbVeRes 85 AT URupdt dar R drafHFgne paddie
502 haawete [6hS fakds iesenIsshnaiphriRikebie Dfshapadialong line 5B--

5B. The integrated circuit package 500 has the lead finger groove 513 and

1o BRI 5o S A B I TSRS TGRS S ARG ead finger

524 higadframemnaeitiel 562, wesheshiyalye Ralaatdepaaark S0 hibisgarauish 526 to
the medium passive devjce 512 to be thickaer for the same plan view

acconygagals theJArere Ty AREEE it Hicieagd 1888 arsd it fidrad dResbrigpye 525

and th sk H40 dpafaitheobals headslS4ovbishrextendstaystwiasdsherefom.
The integrated circujt package 500 further is able to make use of the

AN E PR B ALY groUNATaRESS RIS KEXICEpeadifiy pranwppositely
enlargdéfREdnGnaew 834 Kad B othevaip incbaw diplanithewnaficitegsalesbmmodate

circuit package 6QQ accqrding to .another embodiment of t rese
the G dHRN T oy B CEPCRHE e A TR o o gy have Tead
fingerlin@svEh3inte@rasy eipeitipaskage 600 has a number of lead fingers

601 around the perimeter thereof to which gn integrated cjrcuit die 603 js

RSB R s Bos TR S G ST SPas clrb enSah logE e SB--
5B. Tdiffeseptiyabsiralilgad ingess) Winahaned i gaegkdoacs opdaic svikidie groove

resent invention, The integrated circyit kage 600 fyrther jncludes a

515 o B SAAIA B S T gt B Dl el BRI B vely: 10 o
soldenvinagk $i46.intagrptechisrdidtnakdi0OBpiss silsoRritaeh®ld bhe: ikREdiTgetbeadine plan
the leadframe paddle 602, the integrated circuit die 603, and the ball

view ol "85 are embedded in an encapsulant 606. The lead fingers 601,
tHEhkeadbé@amedpaddia pickagndihalbalinetnits Gibsatécgensiabiimadduwther ball

bonds ISR ST A ARG SRAARSUIant 606 Is

The integrated circuit package 500 further is able to make use of the leadframe paddle

502

502 as a ground plane and/or a heat-spreading plane.

Referring now to FIG. 6A, therein is shown a plan view of an integrated circuit
package 600 according to another embodiment of the present invention with an integrated
circuit die and ball bonds shown by dotted lines. The integrated circuit package 600 has a
number of lead fingers 601 around the perimeter thereof to which an integrated circuit die
603 is attached by ball bonds 605. The lead fingers 601 are representative of different types
of lead fingers, which may be used in accordance with the present invention.

The integrated circuit package 600 further includes a leadframe paddle 602, which can
be of various configurations, upon which the integrated circuit die 603 is also attached. The

lead fingers 601, the leadframe paddle 602, the integrated circuit die 603, and the ball bonds
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of an insulating material. In FIG. 6A, a medium device configuration 610 is
shown with a medium passive device 612 extending between a lead
finger 614 and the leadframe paddle 602. The lead finger 614 has a lead
finger groove 613 and the leadframe paddle 602 has a paddle groove

605 aRlembbilRpdiramspaddiaRdaisoharaigiagve @0, riliefdfatleaddle 602,

relief 619 can be of any configuration but is shown as a broad cross. .
and the bl iRgdid i eigsnets! inaidn o sorvattie BRiGERIFe BHTS capepsRkmt 006 is

of an MANSHINREMaRHB, which better shows the relief 619. The relief 619
provides better moldability for the encapsulant 606. The ungrooved or

uffelilvedPoridts Brindusairanfispia 6b2 Srehanmicktuy higdiy passive

devicP@Nitiaendsiabblineband it sabgrooves domatieshment hadssb(®. The lead
devices. The leadframe paddle 602 can continue to act as a ground plane

finger- O diafaltedsh PSP Fn@nh & i euklifcBB1 s mBd i groove
615. the lead finger groove 613 and the paddle groove 615 by conductive
adhesive 620 and 621, respectively. Referring now to FIG, 7A, therein is

sHocadamHRRH FRIRRA R G ST BohdetPirtdrald ERifp 19 can be of

any cRERKagaIn RecRrsange Willbangobadiment of the present invention. A
leadframe 700 has lead finé%ersj()l and a leadframe paddle 702. The le

fifGTEPEINRAVE Billvh BRoAEE P03 P08 HRBYRILE @%Eé%. G¢hdaken afang line

6B--6I8aafiRMBHRP JhoWs AR AAREDVE. tape AR AHIDIHeAVESSH ¢ Bnséendi [#dor the
ving openings matching the blind grooves 704 6. A doctor e

h nd 7 d
encapslane 6 rafsreLEsihiar pRLed s Es AR gﬁﬁff@él%ﬁleﬁf‘e 2% d@ 602 are
sufficiéh@ynthiek disestion indicated] e afdowrdigh-galdespastedBiilat tbe passive

) inrLEj rcfo?\éﬁ_704. Re rrin%imw to 7B, therein is shown theﬂa;ructure 03/ heat.
devicgs; GThia IsHETHRGL RALCLE B SENGPHIRUSN FSditSning S e pjaRg;ggd/or heat
spreadigyipRsd 2lhantkdidnaidsied devsaldannig el cconvercthefblelespastes 13@nd the

into sold hold the passjyve devijces 7 d 724 in place. Referring
paddIg BEORH 1S B nrel R S RGN (D A Ga o TR VBB atter domosiion

oRa faaat £arncuctVEIGO MmN gleasipduntoieh , Suakitas] afoe pexytiiantiag a wire-

ozzle 728 Referrinﬁﬁr% w to FIG. 7D, therein is shown the structure o

f
bondegh intsgraled  AEHORATEA8F o WirSIOBHHES inEBrat cERaflarat7 80, the present
invenfReferdngeadfraieeFIG0 Rks loadeimigshoiindhé stiewibreref pddld DodfteThe lead

s B R 5 SRR U P S BT o
adhessteueipge7dDFIGd TE afterdbpositicrencil 712 having openings matching the blind
grooves 704 and 706. A doctor blade 714 is shown drawing solder paste 716 across the
surface of the stencil 712 in the direction indicated by the arrow 718. Solder paste 720 fills
the blind groove 704.

Referring now to 7B, therein is shown the structure of FIG. 7A after removal of the
stencil 712 and positioning of the passive devices 722 and 724 and reflow soldering to
convert the solder paste 716 into solder to hold the passive devices 722 and 724 in place.

Referring now to FIG. 7C, therein is shown the structure of FIG. 7B after deposition
of a heat conductive bonding compound 726, such as an epoxy, from a nozzle 728.

Referring now to FIG. 7D, therein is shown the structure of FIG. 7C after positioning
of a wire-bonded integrated circuit die 730.

Referring now to FIG. 7E, therein is shown the structure of FIG. 7D after bonding
wires 732 between the wire-bonded integrated circuit die 730 to the lead fingers 701.
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of an encapsulant 734. Depending upon the encapsulant 734, the
encapsulant material can be molded and cured. Referring now to FIG.
7G, therein is shown the structure of FIG. 7F after de-tape, or removal of
the adhesive tape 710. Referring now to FIG. 7H, therein is shown the

StRUGHIR OHEHCo G @fter sinaelationhownaHRtRRS 18 PPIGeTE: RitwthdePosition
each individual integrated circuit gckage is cut from a strip into an

of an gRaRREIAN e Grdesa g ekt 18R dadtidas pueraganRamsFApcan be
molddaomde@d. 71, therein is shown the structure of FIG. 7F in an alternate
embodiment showigthe formation of a BGA package. In FIG. 7

OPEHHERERUPERIES HrohTB goqb@m)et@aﬁérwbr,eo?fal’éadélﬁléfggksie-tape, or

removal&farReghby ehepicaletching, photolithographic processing, or laser
cutting..Referring now to FIG. 7J, therein is shown the structure of FIG, 71

aftEfSHASAAY Cdider BHnheaIhisFhenaio B i afBEA pHaltgesingulation.

SinguRarinehePtesIey wiidhe isdshiand thestiucwiecalthlfekddeali®fut from a
.singulatign_ to form an individual integrated circuit package 745 for a

strip i &IhBKGE B A PRI RERITHE bW (STMESBIRSIREFERERS shown a

neghadiier toanfaaiaring ahBeif integsatedheirauiicRackaRID. JUTeRdana@ernate
with ang:[rger alternate embodiment of the g’Eres.ent invention. A leadframe

embogr ALK E AR A ERAN TR hAVR BInRAGF B8V es 804 Gnd '8 OB PIRARS fpertures

740 fihefiginadigileadingene 8048 an ssldhasivie tape &dithandys cenengshibetching,
&ﬁéencil 812. The stencil 812 has apertures or openings 805 and 807

Photoj o AR RiC RO FE S K 051258D 14 W 8o ctor blade 814 is shown drawing

s driMRStEH oaEIosS/hehswade ohdhe stencih@tarénofiadirectigver attaching
indjcated by the arrow 818. The solder paste 816 fills the blind groove 804
SOldeﬁBa%ﬁﬁ%BT{?&egﬁf@%%%HB thBOPMIGEO5 to form solder paste 821.
RRrégerngenowteo FHIG. 8K, therein is sihowntHeessutiitere fof K} G7 J8Atafteihgulation
the removal of the stencil 812 to leave_the solder. paste 8 d 823.
0 o G Y8 9 G G A AR eGP L e B
grogean80doandoB06G ReferingdinwstgHoln 8Cmtheedifis showhdheing a BGA
strgcture of FIG. 8B.after a ball- bonded in e%ralted circuit %%.830 is

integraled HER byPRSKBRIAY AFSLSRISS paife BINSha 5 ST o g 4Be present
invenane 83413 reflow0attashsathdipaasived tatinehad22btind S2dotashgoieacd 806

o BB P RIBRL IR, SR NG SPOUDOP SIS o e
812. The stencil 812 has apertures or openings 805 and 807 through to the lead fingers 801.
A doctor blade 814 is shown drawing solder paste 816 across the surface of the stencil 812 in
the direction indicated by the arrow 818. The solder paste 816 fills the blind groove 804 to
form solder paste 820 and the opening 805 to form solder paste 821.

Referring now to FIG. 8B, therein is shown the structure of FIG. 8A after the removal
of the stencil 812 to leave the solder paste 821 and 823. Passive devices 822 and 824 are then
positioned in the respective blind grooves 804 and 806.

Referring now to FIG. 8C, therein is shown the structure of FIG. 8B after a ball-
bonded integrated circuit die 830 is attached by reflowing the solder paste 821 and 823 into
ball bonds 832 and 834. The reflow attaches the passive devices 822 and 824 to the lead
fingers 801.

Referring now to FIG. 8D, therein is shown the structure of FIG. 8C after

encapsulation in an encapsulant 836.
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Referring now to FIG. 8E, therein is shown the structure of FIG. 8D after
the formation of apertures 840 in the adhesive tape 810. Referring now to
FIG. 8F, therein is shown the structure of FIG. 8E inverted for ball attach
and reflow of solder balls 842 in the apertures 840 of FIG. 8E. Referring

newrternlS n8. therain isshawrihe steustvre it RituBidnyertad ageh after the
singulated by a blade 844 to form a BGA package 850. Referring now to

formagips of peruret PO dAhFrdAe St tRs S B FIG. 8E in an alternate method

oRFRA2GIYIE 16 PREOSIAREE Mt tie RiegeNt tnvantiT. Floe strusiwieaffor ball
. 8E is inverted. A stencil 860 is positioned over the adhesive tape

attachgﬁli% ftle Wb scad hally i WidheirredpEr it H4d Ga Yoctor blade 864 is

sk HaWRG §OIHRG PesteBEtiAGOsEINE shtfagacehrdher tencikBG@VBrted and
the direction indicated by the arrow 868. Solder paste 870 fills the

singulgiedrhyradlids St thEonBR 888 PresRST iRy how to FIG. 81, therein is

sireihe sbwciveraf BIG . (Béicaites saovayahoktthersieneir860 o miGinSitternate
and reflow of the solder r(i)aste 870 to form solder bumps 872. The

h .
methagh o foRARREIYEE &M AR RHRRCE MY UL ESEND YR BPld e T8 ATy Gitmof FIG. 8E is

invertS@ldarsadtrehsipiag it oaie Wi gatkaga i REISTMYMRWIIRSIE fed up with
therein is shown a method for manufacturing a BGA integrated circ%i@

t
the apgriupesftth Acleripa Rl rh N SOV LR R SHOsbaRSTE ROSAHESs RS face of

the st#ieNBE0. ihhéhicadraoa H@daasdland diegeisI03dhat banebastgemyerls the
904 and 906 provid&c}i therein. The leadframe 900 is on an adhesive tape

apertuggnB4 ¢ B8P B9% stencil 912. The stencil 912 has apertures or
OReRgsORSaRIF0T 8nrohtgbitoiihadeadtfiogeirR0d o FUIGCEH Akeeremoval of

914 is sho rawing solder paste 916 across surface of the stencil
the g3 SRR BllechbPREAEY By oAt TP SPGB 2. The
structiife st giaaverRahid Jornlseidiey pastd 2@ anthanpesinEONttd integrated
.forn: soldﬁ aste 92 1. Referring now to FIG. 913, therein is shown the

circuigpagkize SFFIG. 9A after the removal of the stencil 912 to leave the

s@dripastadv 1Rt 23A P dsshia devieesDAZmettlRRfoarmiRafhcturing a BGA
) ositioned in the respective blind grooves 904 and 906. Referring no
1ntegr%fé %{t

to
- GEUTh RIS SRORHE PR B RS ABEHE BN BB H fdgthe present
inveniftegrated eirdiiiimieddBOnss aldac Hadby refipuling ibesolider pasie920andd 906

o e S e 3 LR P S v
912. $hewrrbi Stibtsrepefthics. @@ pdtenge9capsidBiontinoagle nedpsigahtingers 901.
A doc?grablade 914 is shown drawing solder paste 916 across the surface of the stencil 912 in
the direction indicated by the arrow 918. The solder paste 916 fills the blind groove 904 to
form solder paste 920 and the opening 905 to form solder paste 921.

Referring now to FIG. 9B, therein is shown the structure of FIG. 9A after the removal
of the stencil 912 to leave the solder paste 921 and 923. Passive devices 922 and 924 are then
positioned in the respective blind grooves 904 and 906.

Referring now to FIG. 9C, therein is shown the structure of FIG. 9B after a ball-
bonded integrated circuit die 930 is attached by reflowing the solder paste 921 and 923 into
ball bonds 932 and 934. The reflow attaches the passive devices 922 and 924 to the lead
fingers 901.

Referring now to FIG. 9D, therein is shown the structure of FIG. 9C after

encapsulation in an encapsulant 936.
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14 Referring now to FIG. 9E, therein is shown the structure of FIG. 9D
after de-tape, or removal of the adhesive tape 910. Thereafter, a leadless
ball-bonded integrated circuit package can be formed in a singulation
process. Referring now to FIG. 9F, therein is shown the structure of FIG.

IR aflelbaoattache nfiReiglastito e ehdSPusieh @sracldepaasK dtotape, or
the leadframe 900. Openin&s or apertures 940 are formed in the dielectric
g

remoyal, 4l gbg ykierfidapeting T BRoHithodragiilesprebdngedripsgrated circuit

packagbitiiob RRieFEMthnovhia falfen Yeodhgrein is shown the structure of FIG,
9F in an alternate embodiment showing the formation of a BGA

ackage,
TREEHFIRIURO B tgT 86 idlinVBetat fSr Haraslh SR o of I SBicfier the

attachBit 842 dketapesiessditueh hiGoRier Rk rioamowadralie S0, Openings or
therein is shown the structure of FIG. 9F inverted and sin%ated by a

apertuges R0 A dorae BB Paler e 18y, RkSMiRheHYG ¢ el s Phatelihperaphic

procedSiBROWNatRE ttgpure of FIG. 9F in an alternate method of manufacture
in accordance with the present invention. The structure of FIG. 9F is

inYERERARIENI B0 i LS oM GiSIEHERleF $B0With ARRICrnate

embo&@@ZHnskbuan yitke therpesiiogs BOAA slaetes. tIade Dt STOME. davdngverted
older paste 966 acrgss the surface of the stencil 96Q in the direction
for baﬁl.I éfroa

AL NGy THE R P ORBIEAES pasi8 BFPRRE RS HiTe{UrEe 940 and
thechatesOfewRe NN PHAWhtRdMGs QWotherein isrshavendheIsirustuigvefted and

. FIG. 91 8H after remqval of the stencil 960 of FIG. 8H and reflow of the
singulafjgdy sulade 6‘&6%33%1530%%&%8% 30-The structure has been
iNReféadnancbsinguiateddy tiediadesaddtodiersiracaalderf #IGCHE in an alternate
now to FIG. 10A, therein is

integrated circuit.package 975. Iﬁ?ef rrin , ,
methogh o FRR SR For S ERSE G T BATE B g e SBIFGLHE Of FIG OF is
invertp@ckageeiic AcHs dapesintitc anadicthaldenativie eipkoodmeritiohthes 962 lined up

: resent inventjon. The Iea(??fa e%% OO%as lead fin er%ié)Ol and
with fo2 ARETHES D AHAe A G55 0T RSP e AT TRA R S S BRVE f o the
surfacend I0G sV sl ithgreidirddniedcadfcarae b0 isrow AR dBekive page 970 fills
h 1010 a %Ois ((:g.?t erggélggl% tencil 1012. A doctor blade 1014 is shown
© ap&?%ﬁﬁg 0 r\hﬁ 0’8 across the surface of the stencil 1012 in the
dirRectioing mdiwade @ 1oy, Yie i@ 10 IBo\bolderspastard @2 fills daHliatkr removal
groov iéMl%éer g now to FIG. 1013, therein i Qow the structure of
of e R AR e Ao he bGP BP0t LB is 972
The st2flrd hagpassivinderickeandid andteliORy dre bhete Seitionédin theolder attach
integrerl?és (‘:31%}:'1\1/1‘% 1%893@%3937994 and 1006.
Referring now to FIG. 10A, therein is shown a method for manufacturing a ball-
bonded integrated circuit package in accordance with another alternative embodiment of the
present invention. The leadframe 1000 has lead fingers 1001 and a leadframe paddle 1002.
The lead fingers 1001 have blind grooves 1004 and 1006 provided therein. The leadframe
1000 is on an adhesive tape 1010 and is covered by a stencil 1012. A doctor blade 1014 is
shown drawing solder paste 1016 across the surface of the stencil 1012 in the direction
indicated by the arrow 1018. Solder paste 1020 fills the blind groove 1004.
Referring now to FIG. 10B, therein is shown the structure of FIG. 10A after the
removal of the stencil 1012 to leave the solder paste 1021. The passive devices 1022 and

1024 are then positioned in the respective grooves 1004 and 1006.
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15 Referring now to FIG. | OC, therein is shown the structure of FIG. | OB
after a ball- bonded integrated circuit die 1030 is attached and the ball
bonds 1032 are formed and the passive devices 1022 and 1024 are
reflowed into position. Referring now to FIG. IOD, therein is shown the

StRUEHIR OH WS Plalter aneaRsulatinng ak entersslanti@34oBhater a ball-
encapsulant 1034 is molded around each ball- bonded integrated circuit

bondeg; dnfegates SiEchi ol 89 Mi@!treedrark el Rordhd Cthuattriopnedgnd the

passiiOiafigy de4apg, 10r4emavabafdhmaspestumtape 1010. Referring now
to FIG. 1017, therein is shown the structure of FIG. |IOD after the

aftSEFTRRGLUTY (elbltic 18D er hEEn stichhs Bollter sHAESRIo feF1G- 10C after

encapl@ditanie S9CnEpenINgs10BLpamerescafdian thesdielesisiadayaodfdQach ball-
are formed by chemical etching, photolithographic processing, or laser

bonded jntrgragedreivsity Al 8 %IG. 1 OG, therein is shown the structure of FIG.

| REférrag aermateianetimdioh e tasinietie seconcdanseRIdhIth® after de-tape,
present invention. The structure of FIG. 10F is inverted. A stencil 1060 is

or remgyatighihg adRestie BBRddE tape 1010 with holes 1062 lined up with the

aperifas LQ40. b doGton (iradaet&adiis shomntalkasinehaeldgr Ipasta 064 ter the
across the surface of the stencil 1060 jn the direction indicated by the )
attachg}?&Wieé%?lgﬁra%H@fﬁgﬂeo%%cm&sr?ﬂi baMitedorBsocanlame ﬁﬁ%@penmgs or

apertut@SPORelerhingivrvtie fker 1046 atbEreincis IS oMemilbel stalchdi e Bdtol hographic
I0G after attachment of passive devices 1070 and 1072 and reflow

procesige Ah{FSHEHIMG now to FIG. 101, therein is shown the structure of

FiGfdoihd afiertyini@nthdamehan cutiafwheheat-fingas 1003, tOOR Wwrap alternate
performed to cut off a%goints, which

methc ) BHGTIHG BIE. B SAEE A SR TR e et ek LRV AGIE- 10F
is invéetéd G AQtbnidieneipoissshenitivied stucthieeadhdsice it afieo hihfasmingood lined
u lJSAESAITEE 100 o e IO T O HAHIS 30 10 o
the suifeceibfisieheamca ¢l inphdediredtiead diigats Ikl0handold ABEhowolde paste
oo R RS AR g g 100 2 fad rgergroove_
WRbfsoldgr medoeﬂ‘@@e Ieﬂhmmeﬂihglaaadvﬁng&relgﬁechﬁs afedtildingeG after
eSS U SO e TR oz et e e
1 R@%eamich Iikd6 tar€& IShoMoh, alscibinugkhgroovies fititctare alsBlte bliHdfter trim and
dam-bgclrroglﬁe(?f t%% lead fingers 1001 to a wrap around length. The dambar cut is performed
to cut off any joints, which may provide pre-encapsulation support for the lead fingers.
Referring now to FIG. 10J, therein is shown the structure of FIG. 10I after the
forming of the lead fingers 1001 into wrap-around external leads to provide an external lead
integrated circuit package 1075.
Referring now to FIG. 11A, therein is shown a close-up view of lead fingers 1100 and
1102 shown on an adhesive tape 1104. The lead finger 1100 has a lead finger groove 1105
with solder paste reservoirs 1106 and 1108 at the two corners filled with solder paste before
reflowing. The lead finger 1102 has a lead finger groove 1107 with solder paste reservoirs
1110 and 1112 at the two corners filled with solder paste before reflowing. The lead finger
grooves 1105 and 1106 are shown as through grooves but can also be blind grooves, as

indicated by the phantom lines 1114 and 1116, respectively.
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indicated by the phantom lines 1114 and 1116, respectively. 16 Referring
now to FIG. 1113, therein is shown the structure of FIG. | IA having a
passive device 1120 in the solder formed after reflow soldering of the
solder paste which has been printed or dispensed. Referring now to FIG.

12Afdhareinds sRomone Mmhedimentabine aossreaetionPFIAG] | ABhaving a
taken alon%Iine 12A-- | 2A. The passive device 1120 is in the lead finger

passivgrdevise 1168 alingoldsbismebpicnriflw witrasmgaddhs spldse paste which has

been pEERIYOIFiddARand 1108 having respective bottoms 1206 and 1208,
Referring now to FIG. 1213, therein is shown another embodiment of the

CRSEEEBAVIPHIES | 1128 (ARSH B NG 8¢ smbodhnent ohthespygss-section of
FIG. feyiegdd 2 indbe tead fingerasamseivk1@ititheud asbietie and fider groove

Ider paste is in the reservoirs 1106 and 1108 having respective

1105 Biigma boveaddion rsrspite RavedsPrathe seseivaresin [Srd 108 having

respe@RRtBef@MPOIISN pfdBe cross-section of FIG. | | B taken along line
12C-- 1 2C. The passive device 1120 js in the lead finger groove 1105

wWRABGHAGRSHY AT thedierinds s R #athss srIBALMEBECL ke £p¥s-section

of FIWith® Haleattaois Refenmginsy fhE Kasshi theiedn ehowiealasefiuper groove
plan view of the passiv&ngevice 1120 showing solder 1300 filling the

1105 sathratnerRe Bass iRl i e Paitl hele fif ﬁﬁﬁ&gliﬁdé%a%dgagshaving

respective boltensl Bk fillgl threogap by capillary effect during solder reflow.
Referring now to EIG. 14, therein is shown a method 1400 for forming an )
nRSFEREA TR Pikele TOTERORISPRER AR EIRRERiOR CTo-section

of FIGNEU® chl4DO eaimpiéseBC a 1 Dtock Ad pasoivprasidiag rierdiraneadaavilnger groove
ingers; a block 1404 of forming a.groove in a lead fi

1105 SRS Ul S oL R ol e iane i A U without

bottonk408 of .placing an electronic d(_avice ir_1 the groove to be held by_ the _

e o e, Wl o enieg o Seendeounet o v
1120 shiewiagvesdenadifioativing, drdgsprasionsavilifeepappiacedtiizctiose skilatle lead
o L S SR AR TS e

V\/Rhfhrt'h% Sfinit @EICS;.CD@,eﬂm‘rﬁﬂE ii{l shedead zC_laH’ﬂﬁJdAl Hﬂiﬁttgffoﬁﬁﬁlﬁgrﬂii} integrated
creui{ SIS 0L Souh 1 he aceeroanying, RS 12 bR SRk es: o
block 1402 of providing a leadframe having lead fingers; a block 1404 of forming a groove in
a lead finger; in a block 1406 of placing a conductive bonding agent in the groove; and a
block 1408 of placing an electronic device in the groove to be held by the conductive bonding
agent.

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the spirit and
scope of the included claims. All matters set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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THE INVENTION CLAIMED IS: 1. A method for forming an integrated
circuit package, comprising: providing a leadframe having a lead finger;
forming a groove in the lead finger; placing a conductive bonding agent in
the groove; and placing an electronic device in the groove to be held by
THE 1R eandentive banging ggent. 2. The method as claimed in claim 1
wherein providing the leadframe provides the lead finger having a tip of at
least one, of the ganfigurations aof straight, increased width, side.
exhension, TSV SR e R P S SHRAAHS R SSUPPE e
meathaddiag claidianie alaimglafledbemgemprising forming the lead finger
inﬁo an external lead ﬁlrzgrszat least a portion of the integrated circuit
p %ﬂ}gﬁl& HEPRETHRING AL URied in claim 1 wherein forming the groove
inslaudeg sfoomingtiae ésardioy dgeibhmchodusiive hahding agent adjacent to

thel roove. E}éél'he mgthod as claimed in c alrﬂe}dﬁbjrt er coml[i)cr%sm%:

proVitig & feadiranié %Vall(éedfrel;t SriNg a groove in e R epa%flaqler;lg agent.

placing a.conductive bonding .agent in the groove; and plac
e% arR2NEHHAY ehs G %) I IF q ye{ﬁlen gg%‘éll,(}?? tl%

: glte%%frame provides
ctronic device In the groove e ne Clive bonding

the leadyémged. iivengethpdias dtavhedkiniclhinednfigtharasnpsmght onciergeainwidth,
. iqtegrate cir uitf{;lie[ by at least one of %vire Qr l?ﬁlll tofthe lead finger; and
side exten 1011, Icd, OIISCt, efxcten Or a COomoinatio CICOLI.
%‘ormlng at least one of a soldér Bump or a ball grid array ball on the lead

finger. 7ohMethod iy lermingian ngoratgecir 88158&&%%%&%‘[%%?%&1 finger

' providing a leadframe having lead fingers extending at least one
into apgratiesial fradheiedied kirlcasich @ ediabivltherintearaistioms ug arcdies; forming

blind or through grooves in the lead fingers; placing a conductive bonding

adent in Tihe BHadt rotlatnglodvedabndlprbiigia HusaINe des/igeorytencludes
formiRYRd QEHEAUGR GEODIRR LA REBRIHHY NS CONFUHHIVE (ROBRIDG2gEN, the

passive device extending between the lead forgers. 18 8. The method as

claimed imglaisméReiminiderayding theulerdicampriiqyides the lead
fingers having tcigs of at least one of the configurations of straight,

indteyding ailsadisamsdiafdigared, offset, extended,

forming a groove in the leadframe paddle;
placing a conductive bonding agent in the groove; and
placing the electronic device in the groove to be held by the conductive bonding

agent.

6. The method as claimed in claim 1 further comprising:
bonding an integrated circuit die by at least one of wire or ball to the lead finger; and

forming at least one of a solder bump or a ball grid array ball on the lead finger.

7. A method for forming an integrated circuit package, comprising:

providing a leadframe having lead fingers extending at least one of parallel,
perpendicular, and a combination thereof one to another;

forming blind or through grooves in the lead fingers;

placing a conductive bonding agent in the blind or through grooves; and

placing a passive device in the blind or through grooves to be held by the conductive

bonding agent, the passive device extending between the lead fingers.
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or a combination thereof; placing the passive device provides for
connecting a small, medium, or large passive device between two of the
lead fingers; and forming the blind or through grooves forms the blind or
through grooves proximate the tips of the lead fingers. 9. The method as

clgimed ihglaismé fukhern sRERYSiNg: forméraithe lead fingers into
external leads around at least a portion of the integrated _ circuit package;

aREepidE8 gl lsedfinonaPpadsire theviad dinase daviaiieaglekdsast @ne of the

the integsaterusiicsit RACKAAEh L Andiossbactiod aaglaisnediineladttsét, extended,
wherein forming the blind or through grooves includes forming a pair of
blind or PfrBGGAMPERLIBITETEPthe conductive bonding agent adjacent to

eptirphtie: MR HKaugpretegyetr kbnhbaimeinataas slaimad 8t Wadpassive
7 further comprising: providin% a leadframe paddle; forming at least a

groove, dNMEReBYSERdE i the [Raddingnis:f49dle: placing a conductive
bengingzateBlin@Ebleasbias groeve tomiolehbihrirefiel:@igh grooves proximate

combination thereof; andflacing at least the passive device in the groove,

the notcH$i@TldRedFal dtBination thereof, held by the conductive

bgnding @gent tg};[ﬁee%at Ie(?st oi1e ohgpe ead fingers and the leadframe
paddle, CiMEgRstan SRR R GREY Ve e SHBtch, the relief, or a
cdonbiimgtite thede@igdl. iffvecmethaldasiclatued an letaina pdtiithest the integrated
comprising: bhondi ggan integrated circuit die by at least one of a wire or

ball to th¥ I%l%lq?ﬁg “ & apsulating the integrated circuit die and the
leplddingein addifimingaileadédoe of alroldesrhulmpadr extealbgtisl ek ayitegrated

ball on the Iee%d firl%er outside the integrated circuit package. 13. An
integratecdrgﬁlclg’l%cp gﬁage, comprising: a leadframe having a lead finger

T4 SAEEREISSIRET, ACTSHERE IR TS v
groovepmaktiotive foomainggaapgantofl blittemtiegrate desiouitrpdokabe amdiaimedbonding
agent iz{]djcalgeizm g‘o3e\évcrf1€(r)? Itrlllet rl‘o‘i"nll a(gr Hﬂ%ﬁéh grooves.
11. The method as claimed in claim 7 further comprising:
providing a leadframe paddle;
forming at least a groove, a notch, or a relief in the leadframe paddle;
placing a conductive bonding agent in at least the groove, the notch, the relief, or a
combination thereof; and
placing at least the passive device in the groove, the notch, the relief, or a combination
thereof, held by the conductive bonding agent between at least one of the lead
fingers and the leadframe paddle, the integrated circuit die and the groove, the

notch, the relief, or a combination thereof.

12. The method as claimed in claim 7 further comprising:

bonding an integrated circuit die by at least one of a wire or ball to the lead finger;
encapsulating the integrated circuit die and the lead finger; and

forming at least one of a solder bump or a ball grid array ball on the lead finger

outside the integrated circuit package.

13. An integrated circuit package, comprising:
a leadframe having a lead finger having a groove provided therein;
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has a tip of at least one of the configurations of straight, increased width,
side extension, flared, offset, extended, or a combination thereof. 15. The
integrated circuit package as claimed in claim 13 further comprising the
lead finger formed into an external lead around at least a portion of the
injegraigstickyohdpackase. it bhd bR dvedrated circuit package as claimed
in claim 13 wherein the lead finger groove includes a reservoir for the

cOREREIRBoitG Hyhistapceato Rk athfisgriugioshendmngrpgent.

integrate,&cir,cuit package as claimed in claim 13 further comprising:
lehitifram Bdﬂ%ﬁ%@iﬁﬁ%}lb%ﬁ?@%r%ﬁi&ﬂ’ﬁf‘éf@iﬁlﬁ%éﬁd%]&‘iﬁ?é“t?lﬂﬁaﬁs finger
has aageot in thagronyefand doafalacitonis devieadht thegsaaewadag Reld bytension,
the conductive ponding agent. 18, The integrated circuit package as
ﬂaredcfgﬁ?éoeﬁeag?ff 3%G i%‘n‘?ﬂ)ﬂ’ﬁﬁ’é’fan integrated circuit die bonded by
at least qne of wire or ball tg the. lead finger; and at least one of a solder .
Up or BBATEHTA S5y B PRTAES 8 i TERdRGHaEr 19, R Sgpaig e the
lead foiggritfpankadgatocampxisimgl delehdfoame hideisy eporfingers thxtemdigted circuit
Ieeast one of parallel, perpendicular, and a combination thereof one to
%n’other, the lead fingers having blind or through grooves provided
therein; a.conductive.bonding agent in the.blind.or throu Qoves; and
e J R R O P IR SO PR e
grooveomdlictbyeabmsdimgirayerthehepssive doviteexigmdind) bameonttiselead finger
lead fingers. 20. The integrated circuit package as claimed in claim 19

roove. . . . . .
8 wherein: the lead fingers have tips of at least one of the configurations of

St@ight, ﬁgﬁﬂégﬂteﬁigﬁcﬁﬁﬁgag e g@'agin?eﬁfsﬁlt’c%fﬁrigqqrtﬂélacomprising:
combination thereof; the passive device includes a small, medium, or
latdeagEesivaaddlichaorhe cred Vb orwedadwisisithe lead fingers; and the
b'é%ﬁ’&&@tﬁ%%&fﬁ’@vaeg%&rﬁlf&@é‘?go%%ﬁﬁate the tips of the lead fingers.
2 a b

0 21. The integrated circuit package as claimed in claim 19 further
cohgeliRiHgnihddusd finderarpavadel betbedsdsriiag readsdiou hendineaseat.

portion of the integrated circuit package; and an additional passive device

ohne of IREESEETSHI BRI RagkRs 3 ténsebrataign 13 further comprising:

an integrated circuit die bonded by at least one of wire or ball to the lead finger; and

packa

at least one of a solder bump or a ball grid array ball formed on the lead finger.

19. An integrated circuit package, comprising:

a leadframe having lead fingers extending at least one of parallel, perpendicular, and a
combination thereof one to another, the lead fingers having blind or through
grooves provided therein;

a conductive bonding agent in the blind or through grooves; and

a passive device in the blind or through grooves to be held by the conductive bonding

agent, the passive device extending between the lead fingers.

20. The integrated circuit package as claimed in claim 19 wherein:

the lead fingers have tips of at least one of the configurations of straight, increased,
side extension, flared, offset, extended, or a combination thereof;

the passive device includes a small, medium, or large passive device connected
between two of the lead fingers; and

the blind or through grooves are formed proximate the tips of the lead fingers.
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circuit package. 22. The integrated circuit package as claimed in claim 19
wherein the blind or through grooves include at least two blind or through
reservoirs for the conductive bonding agent adjacent to each of the blind

or through grooves. 23. The integrated circuit package as claimed in claim

19 furtherzompBHSRIRA: c AR BHAME RN 2R SRS BPNR IR NRIHriiH:

relief provided therein; a conductive bonding agent in at least the groove,
thBh s fipgers Rt At draghetEIm At lsetbaRariop gl e integrated
device inthaigpaeNgzdhapotch, the relief, or a combination thereof is held

by the conductive bonding agent between at least one of the lead fingers

afl iRt RMS YA ChanRBgratddciriintte Sl (e GigbiR thieintegrated
notch, tharceliehabka€0mbination thereof. 24. The integrated circuit

package as claimed in claim 19 further comprising: an integrated circuit
diz2bondekkbiynRpleast cincuaf pavksgoudalhitmdeitearhiiinger;wlbrein the blind or

oo S Rl N e et e st a0 0 i
agent lefactinger auisidehtndintegraiedgirgtddb package. 21
23. The integrated circuit package as claimed in claim 19 further comprising:
a leadframe paddle at least a groove, a notch, or a relief provided therein;
a conductive bonding agent in at least the groove, the notch, the relief, or a
combination thereof; and
at least the passive device in the groove, the notch, the relief, or a combination thereof
is held by the conductive bonding agent between at least one of the lead
fingers and the leadframe paddle, the integrated circuit die and the groove, the

notch, the relief, or a combination thereof.

24. The integrated circuit package as claimed in claim 19 further comprising:

an integrated circuit die bonded by at least one of a wire or ball to the lead finger;

an encapsulant encapsulating the integrated circuit die and the lead finger; and

at least one of a solder bump or a ball grid array ball formed on the lead finger outside

the integrated circuit package.
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