SEMICONDUCTOR PACKAGE WITH PASSIVE DEVICE INTEGRATION BACKGROUND TECHNICAL
FIELD The present invention relates generally to semiconductor integrated circuit packages, and
more specifically to packages with leadframes for passive devices. BACKGROUND ART Digital
products, such as cell phones and wrist watches have become aspects of everyday life. The core of these
digital electronic products are intearated circuit die which continue to be made smaller and more reliable

while increasing &&MW\QW @MKA%%EEEQE%W&P%VM%T E%@éﬁ% a tiny box-type

structure usually on the order of a few millimeters per side. The integrated circuit package generally has
cylindrical terminals formed through a passivation layer of the integrated circuit die to square or
rectangular contacts near its edges for directly bonding the integrated circuit die to a foil-type leadframe
that is usually less than 0.5mm in thickness. THg pteg@Etagsircuit packages are generally wire bonded or
ball bonded to the foil-type leadframe. A body of a hardened, insulative encapsulant material then covers
the integratedrgirepiidig angtipe leadframe. A series of problems related to the integrated circuit
package and the leadframe becomes worse as the size of both decrease. Negative electrical effects such
as electromagnetic TePEPEHcRY B NdE B re esU Bt HRiGRRgHCRR LS H ?WE YRR RS Ul in
slowdown of silactiieaksigifiatd]cropsetalissoriatherdprolde ios passivEaloxescome 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 integratedfeiclibBRRUD RaVR higher density, higher integrity, compact size, and multiple functions,

passive dev_ices_ hamg?tlaﬁog%gﬁ%,esﬁmﬁﬁ@c@ﬁdpﬁgﬂégraﬁis@rfﬁ%&ﬂmﬁ%@%ﬁ@@ P&M@%ﬁ%’&si%ﬁ? an
integrated circuit package using surface mount technology (SMT). However, this has created its own set

of problems \RIYWHK} aiffgpgrﬁo{}gp%fstlaﬁsaélligg?g_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 millimeters per side. The integrated circuit package generally has cylindrical
terminals formed through a passivation layer of the integrated circuit die to square or
rectangular contacts near its edges for directly bonding the integrated circuit die to a foil-type
leadframe that is usually less than 0.5mm in thickness. The integrated circuit packages are
generally wire bonded or ball bonded to the foil-type leadframe. A body of a hardened,
insulative encapsulant material then covers the integrated circuit die and the leadframe.

A series of problems related to the integrated circuit package and the leadframe
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 occur. In bridging, the
solder used to attach the passive devices may bridge or short-circuit adjacent passive devices.
Misalignment means that the passive devices may only touch the solder connections so as to provide
high resistance, or Fegpiaetimaliyingothebatbrsstie dyldemeonbredronsereqaigatnsef 28né problaee an open

circuit. Drawhjdging/Rmhsianincaaskks whenihe suasedansion:ohasileplfts the.prssiviaydevice off

the leadframe and results in an open circuit. A missing passive device can occur because the devices are

extremely sniSfUnd il Hag% ALy Aisiogado Attagh B gatlissindets MavETfse LI br&yested any
solutions, anddjiues; padsiionis tiazdhedd pithiamnms haye [hngkiudad ibase skilled ibiiyaqidh IdMMARY OF
THE INVENTIQN, ., T&‘?@ﬁsess%% Ipyention Rroyides 3 system for S‘c’%déﬁe rated eireyit pagkage including
a leadframe having a lead finger. A groove Is ira lea aflln'ger_ forzcon_ u}{:tlve oncflr)g agentand a
passive devigengdetitie spaors tebe helerddreherespductivaibordingbademe/ tomiGienaig eseiddiments of

the invention hayethgradvaniages Raddiliane i placseliheseimentitnad AROYS; iihg advantages
will become apparent to those skilled in the art from a reading of the following detailed description when

taken with refAEnEE T the JESHRTBHVING Hrd6ings. SRIEE B SrRIFTIESN TR GSFIG. 1
is a view of aapassivebelemiite dnthdadaody and conductor metal ends; FIG. 2A is a plan view of an

integrated circuit p%k%g?% @ngccgrrl Sai?acvg Wim th%ﬁregente g@/deg&iosn&luﬁglgs.a% { 2 %rqggc-)%e%ional view of
the structure of FIG. 2A taken'a ong line ﬁlég [G KR s A Erdss-sectional view of an mtsegrated circuit

package similagstopFricie2Bhafalerdteltsatvbospisdlidiethofthe present invention; FIG.3Bis a
cross-sectional view of an integrated circuit package similar to FIG. 3B of a further alternative
embodiment of the present invention; FIG. 3C is a cross-sectional view of an integrated circuit
package similar to FIG. 3B of a still fubH¥NA&Y 4 d BmBoMENahOdf the present invention;

The present invention provides a system for an integrated circuit package including a
leadframe having a lead finger. A groove is in a lead finger for a conductive bonding agent
and a passive device is in the groove to be held by the conductive bonding agent.

Certain embodiments of the invention have other advantages in addition to or in place
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. 3C is a cross-sectional view of an integrated circuit package similar to FIG. 3B

of a still further alternative embodiment of the present invention;



FIG. 4A is a plan view of an integrated circuit package in accordance a further embodiment of the present
invention; FIG. 4B is a cross-sectional view of the structure of FIG. 4A taken along line 4B--4B; 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 anfiftegraAtéd Tirduit pavkademdeceditry tointthackeatbvdivrandaicehe Prebent invention;

FIG. 6B is a gigssanastianahyvisuafithesiibgture of FIG. 6A taken along line 6B--6B; FIG. 7A is an
intermediate step in manufacturing a wire-bonded integrated circuit package in accordance with the

present invention; TLOR{t8 198 SEOMSSHARMIMEBr ¢ iBe SR YeRiGuiky ARstens iBsifBritk the passive
devices, and reflowrsoldgairig;aFpan s dhamsinugititedotiFdGe FBlalieradepasigion okdlbanrdielg compound,;

FIG. 7D is the sfructure o fIG. 7C §fter ositioning a wire-bonded integrated circuit die; FIG. 7E is the
8 t of the

t
structure of Fi ) atter bon fﬁsgel\}vfrlévse etween a wire-bonded integrated circuit die and lead fingers;

FIG. 7F is the structlfe 8B M@ crBsafietiaeposkion b ahusheapsiiéntd £i@kenclimgimsirBcttbe of FIG. 7F
after de-tape or remgyal of the adhigsiveiarg: FlGndbldedheiitHcpig QL FiGormafter sisawiation;

embodiment of the present invention;

FIG. 6B is a cross-sectional view of the structure of FIG. 6A taken along line 6B--6B;

FIG. 7A is an intermediate step in manufacturing a wire-bonded integrated circuit
package in accordance with the present invention;

FIG. 7B is the structure of FIG. 7A after removing a stencil, positioning the passive
devices, and reflow soldering;

FIG. 7C is the structure of FIG. 7B after deposition of a bonding compound;

FIG. 7D is the structure of FIG. 7C after positioning a wire-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. 71 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;

FIG. 8C is the structure of FIG. 8B after attachment of a ball-bonded integrated
circuit;

FIG. 8D is the structure of FIG. 8C after encapsulation;



FIG. 71 is the structure of FIG. 7F in an alternate embodiment showing the formation of solder balls;
FIG. 7J is the structure of FIG. 71 after attaching solder balls and reflowing to form a ball grid array;
FIG. 7K is the structure of FIG. 7J 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 pddkagE i Aecorsanee Wil aHoaitar farpizeivel apsbodimenkofdhesiyedsreit invention;

FIG. 8B is the strucfyee 9f i@ 8MhRIRE (IPRYASLT A SiROGY AN 8RN ROIR PRSIl AC IS the

structure of FIG, 8B after attachment of a ball-bonded integrated circuit; FIG. 8D is the structure of FIG.
8C after encdPLARSHITSSFIG. 8E is the structure of FIG. 8D after formation of apertures in the adhesive
tape; FIG. 8F is theBGuearas didiGudzdroferied o hadradlachl anduefiaivefsaldenbill®itdte apertures;
FIG. 8Gis th E&ucatquée of FIG. 8F inverted and singulated to form a ball-bonded BGA package; FIG.

8H is the structure of FIG. 8E in an alternate method of manufacture in accordance with the present
invention: FIG. 8H 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. 8H after singulation to form the ball-bonded integrated
circuit package for a solder attach;

FIG. 9A is an intermediate step in manufacturing a ball-bonded integrated circuit
package in accordance with still another alternative embodiment of the present invention;

FIG. 9B is the structure of FIG. 9A after removal of a stencil leaving solder paste;

FIG. 9C is the structure of FIG. 9B after a ball-bonded integrated circuit die is
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. 10C is the structure of FIG. 10B after a ball-bonded integrated circuit die is
attached, ball bonds formed, and passive devices reflowed into position;

FIG. 10D is the structure of FIG. 10C after encapsulation;



FIG. 81 is the structure of FIG. 8H after singulation to form the ball-bonded integrated circuit package for
a solder attach; FIG. 9A is an intermediate step in manufacturing a ball-bonded integrated circuit package
in accordance with still another alternative embodiment of the present invention; FIG. 9B is the structure
of FIG. 9A after removal of a stencil leaving solder paste; FIG. 9C is the structure of FIG. 9B after a
ball-bonded integratdd-diftuis tie ssusttaeleé HlGalOboits fsriedorantpas ol ddedicdsartfiswed into

position; FIG. 9D isgfte stpciurgofskliew ACATaIGe neapsHiation dafk enseRaHantskdGingEds 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 &NBAtHMEHIUATIM formation of solder balls:  FIG. 9G is the structure of FIG. OF
inverted for ball attadly andefawne oftthaseldermrdalls i the apeitinas; mettdGoPhisithetsteucture of FIG.

9F inverted and %Li‘a%u'avt&% ggeforrge%tkfg%&tl)ggnded 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. 10H the structure of FIG. 10G after attachment of passive devices and reflow
soldering;

FIG. 101 is the structure of FIG. 10H showing trim and dam-bar cut;

FIG. 10] is the structure of FIG. 10I after forming lead fingers into external leads;

FIG. 11A is a close-up view of a leadframe with a groove in accordance with the
present invention;

FIG. 11B is the structure of FIG. 11A having a passive device in the solder;

FIG. 12A is one embodiment of a cross-section of FIG. 11B taken along line 12A--
12A;

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
without these specific details. In order to avoid obscuring the present invention, some well-
known system configurations and process steps are not disclosed in detail.

The term “horizontal” as used herein is defined as a plane parallel to the conventional

plane or surface of the integrated circuit package, regardless of its orientation. The term



FIG. 9J 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. 10C is the structure of FIG.
10B after a bateBisaladimedgrategdicouedieniscateach &, vailkpoads foshtsdinethdsassivedievices

reflowed into-pQsitiqRy etG-tkikis tBeditkctws of K& 1Q¢-afigtencaasHiRUR h reEp&t APfRdS the
structure of FIG, 10D after de-tape or removal of the adhesive tape; FIG. 10F is the structure of FIG. 10D
in an alternatt’GAMBEYRESt showing the formation of solder balls;  FIG. 10G is the structure of FIG.
10F in an alternatelikethioel oicraanuiige tikeyvin gaabodanaaswitththaeresani-éneatitidngramnfatc. 10H the

structure of FIrl ) nlo(g%aftelr attgch en} o]f assivefci vi&l%'ls gsrllgnrseglr%\%ﬁ#%%ri&r\ 'yFl%ﬁélsgltz!l ) (gge structure

of FIG. 10H sahowmg trim an dgfanr& Sarc t;s_orﬁffcg. Jis tche' structure of FI ter forming lead
fingers into esedrivalskans grpdy s1xdsratedandhaprewlnpadidanfhaee witliialg cothasimeteditlance with

the present inyeMiQR:hiGeddBde HagisirustireatflGn tAAMGYIRG 21RagSiHE drviceiinthawRalder;

and description thereof like features, one to another, will ordinarily be described with like
reference numerals. For example, where structures perform the same function, they will be
described with like reference numerals although their shapes and configurations may be
different.

As will be apparent from the above, using a leadframe with grooves as a chip carrier
for integration of active die and passive devices, especially for low input/output pin count
devices, is an economically viable option in comparison to placing the devices on a separate
substrate. Passive devices can be pre-attached to the grooves with proper opening sizes and
locations using surface mount technology (SMT) and/or adhesive dispensing methods. The
present invention allows integration of passive devices with body sizes longer or shorter than
the lead pitch or lead width by alterations only in the leads themselves.

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
device can be connected to any two leads below the ball bonds rather than the adjacent leads
only. For ball bonds, an additional paddle serves as a ground/thermal plane below the die.
Additional solder balls can be attached to further improve the electrical and thermal

performance of the ball bonding. In one of the preferred embodiments, a stepped paddle



FIG. 12A is one embodiment of a cross-section of FIG. 11B taken along line 12A-- 12A; 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 ineegfiitte @cirdist. phelikagenipraccorakdnbiityithethe phesénll ibaationdDIFTWEITLE poid
DESCRIPTIQNRE.RHE INVENTION Referring now to FIG. 1, therein is shown a passive device 100
having a body 102 and conductgr metal ends 104 and 106. In the following description, numerous

specific details are QR BOSFRfi@aS YRGTIRSH thadTis bty Bk Beartheahalsh.

SedaeRt AN apparent

that the inventiopassay bevipractiead withaniothesetspacificidetiaipactagerdesiaauoidyothsgitingithe present

invention, some webll-kraown sglsgem onf('i
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term "horizontal” as used herein Is define

integrated cirdgibpridkage, regardless of its orientation. The term

%urations and Arecess, sieps.are not gisclosed in detail. The
TOVI(C or external (races routing on
as a plane paraﬁ(ﬁ fo the conventional pfane oF surface of the

Wrap-around leaded packages can be formed for higher integration. Package stacking

applications can be made or additional passive devices can be mounted on top
leads.

To prevent solder bridging, solder paste reservoirs can be provided

of the external

alongside the

groove. This allows the paste to be printed (or adhesive to be dispensed) inside the reservoir

before or after the passive device is temporarily attached to the groove. The gap between the

passive device and the groove can be filled with solder with capillary effect during a regular

solder reflow operation.

Further, passive devices and high-temperature 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.

In FIG. 2A, grooves are formed in the lead fingers 201 and/or the leadframe paddle

202.



"vertical" refers to a direction perpendicular to the horizontal as just defined. Terms, such as "on",
"above", "below", "bottom", "top", "over", and "under", are defined with respect to the 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 £I@sdivnadditien comiersatiniltiple errbodimerits araedigalogediemdedisscribed having
some feature&i@n@lﬁ{F%E?Qeéﬁ?rlé)iérﬂb{g%ﬁdzwﬁﬁcpifH%ﬁM@rﬁQﬁt%%ﬂHﬁ%@ﬁg&Oé%@eﬁe@fgres, one to
another, will ordinarily be described with like reference numerals. For example, where structures perform
the same fun®bal THR PG iidse HsBeribsYwith like reference numerals although their shapes and
configurations may hie: di¢farentmall”’As méldibergpparenidtomrihesabome, tesingea e adéiansaith grooves
as a chip carierfor integration of getive die, ang passive igvices, espreially. o Jow inpuroutput pin count
devices, is an ecognomlca?lg/ viable option In'comparison to pi’acmg the devices on a separate substrate.
Passive devitebarb@e ¢ethetaehdi ey thetd rowleshidbhapr opwedpehingnslksadgochanrnkeusing

surface mouny; {aabneledYe M h AR _RAURRIVEAREDRING: d3en e areniinvantion allows
integration of passive devices with body sizes longer or shorter than the lead pitch or lead width by

alterations orlf¢drfesTeduisan dinrssnad the leadfiame madele1re Paduedadsroad ' iy He s @ed into the
grooves secusabidytewesalubt e drtingnage ripdihehpresenhineenidnbyercdnaslbhaditigaies the
disadvantagedse \\l/}/(lzterg 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 sheetAnarsifornditvicenethbeeraiigth 22 stampimgdicoiningsiveiliiegcetehingktetdingan also be

readily emp|Q:)é%getéhfé’ﬁ@&_&%f@ﬂ%@%f&?}{%%Iﬁliﬁ&'é%%&ﬁiﬂ‘@i'&ﬁgﬁmﬁesl¢adfrgﬁé W&B%l@%ged type
leadless packages, passive devices may be laid out on the leads surrounding the paddle without

interfering with'fH&P Wil HBRHG bSO m e teralfohiRBe J61s, Pasyite dutced bdAmBeset into
grooves belowitiie dallchaantdsmassivd@eiticozterial is required for molded ball-bonded leads on lead

packages. The pasiiﬁe degice can ?e conneggci?to ?ﬁ[ two Ieadgegleclg%% all bond?r ther than the

adjacent leads only. orbafibonc sl,] ¢ urg%%llltlona 35’5[ dl°dEves as'‘a grounc? t\ﬁ%errrlnaalleﬁ ané-below the die.

Additional soffértsaiigcaniiscastactie o tdiifumt dhdrvardizanthpadibe Riahanathewatshl pirfortience of the
ball bonding.|lp.ang; ghthe pefeged gunodinents: 2 sigRned Paddle pollg. orselief.detigimprove

moldability below the ball bonds and prevents void formation. The number of passive devices on a
printed circuitR9XF¢AA™SI88%RIFefURE AR R AR #ERR¥ESEAN be built into the integrated circuit
package. Consequentiathé:pida e fiicuiidaondisi e Gailpasedusadconmaradiainm vathleenprovided for

external traces routin the board. Wrap-around leaded packa an be formed. for higher
eararion. HE e B S B e ST et on
top of the exténgel Pdéds. To prevent solder bridging, solder paste reservoirs can be provided

alongside the groovg. s flaWs:the RAXS 1% 56 Riinigd- " AAResE ia be dispeasedl infide the

reservoir before or after the passive device is ten;%oraril_y attached to the groove. The gap between the

passive devid&id 1A Yrdgve Satisd e ire dGessr o RRsifeliy Pefe i UbHIfA S rEYS Solder reflow

operation.  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.

Referring now to FIG. 3A, therein is shown a cross-section similar to FIG. 2B of

another embodiment of the present invention. The leadframe paddle 202 is provided with a



Further, passive devices and high-temperature 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
configurationBlinghieprze s U kdgincaceshdaneeonitivdhie Presvegriricdation! diec 2DRanidtdgbansineircuit

package 2004jghesonchupes mdeadiramerrdgiaspryvihighh e ibeiofmarous contigwalians, upon which
an integrated circuit die 203 is attached. The intearated circujt die. 203 has a number of contact pads 204

to which a nuthbls Jraarisbechie digiaHeur dhe R ENe! dBRBEREA T HEYaprRkErEYb1 at the
other end. Thadead tagarsi?0f (Hh e leadiismaddiageie 202 adhe dsioie geateehaiic Uihdim 20 Paadid the wires

205 are embegided jn,an.enganahian 208, 1o lear g 204 e leadiiame paddje, 202, and the wires
205 are generally magle of conductive materials and the enc§psu|%1nt 615 of an msuf‘atlng material. In
FIG. 2A, grodwemreofobmbeltia thienkshelfihgersg @oeesd/ar ubrsl [waldfrarie phedis@egs. suchhamedium
device configyeation £, 800uy yith a medium passive device 212 extending between lead fingers 214

and 216 having straight tips and lead finger grooves 215 and 217 in the sides, respectively. The terms
"small", "medium", &MY "THPGE" B dfre4rd QIR t5ouatHead Vit ot tgtiFation BPsi 2R Yitikice.
Generally, a smélldevibe and@laigede vicashaveivieihsemledigih phsiveasy it andsictorhmetal ends

which are respectively smaller or larger than the distance between the main bodie he structures it
st span, SURHESTRL AUGAND auih I g to O Haoeo e R L e e A
medium devieeaplifh hddiionatngsortedejics bireleenthecomdagtortankiag ehdddibanaraieeedeen those of
small and largg.dg\ikeRithin the NEHYR HfKice configuration 220 has a medium passive device 222
extending between a lead finger 224, which has an increased tip width, and the leadframe paddle 202.

The tip width is incrB&&Ei Rt HHHS e Bsittr it hrodve s st @ P widtrarefstwidth of the
medium passikgairiea 2Rthe preflaige:aesceTtentigifrationaBi:mme & lprgaedeassitetiieviasl 232

between a lead fin 34 hayi n increased ti W:iﬁth d the leadframe paddle 202 ing a notch
36 for the B R AN B o ove
237 and one $idesti¢drrmhotetroBbihgsratphduiaigdovd 280stacked eyanlihdavicerdonfigngratidin 240 has a

small passivegevigs 243 @xiRnding ReMashaIsRd BRART 4% NANEARIAECHSARIAN Yitaa lead finger

groove 245 on one side, and a lead finger 246. A large device configuration 250 has a large passive
device 252 béel%gefé‘}g?wg%ad fingers 254 and 256, both of which have flared tips oppositely offset so as to
accommodate the IRegerpassbie davice X52hckbia pppositelycafisstdipmacaommaiateotREGwWadely

separated lea(')(ii %}gﬁ&%ﬁ%g&%%%é@o %ie 2p?ezs'ent invention. Lead fingers 320 are provided with blind
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.

The lead fingers 401, the integrated circuit die 403, and the ball bonds 405 are
embedded in an encapsulant 406. The lead fingers 401 and the ball bonds 405 are generally

made of conductive materials, and the encapsulant 406 is of an insulating material.



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 byAh@edflonwdefiselderf2apation Rigkasritlg Wow b RIGedinmipassireisieieivhl 3
cross-section gimiaitednlicer’Baafianetber embodinent.of the presentdavention g lRadirpsne paddle
202 is provided with a blind groove 300 large enough to accommodate the integrated circuit die 203 and
its bonding s8MEet 30ESRHE MM groove 300 helps to prevent epoxy-bleed, reduce the effective height of
the integrated circuid dieaRQRflanedhkeboitiom4ad the integibpacksicaltitipadkagetadih sharemthe length of
the wires 2051 a Ef}lﬁng 19ye the adt}esion between th%é%adfaanfgagﬁddle alﬁ‘ldats e e%gﬁ sulant 206.

, h t .
The depth of the groov%v%:n D& the same as that of the bottom 260 ygelng orr y the same

process as used to foemngrecoiinghepicvés) sudhdas aasesd] dinigerigrobsier@nzan extgidesisivaan in FIG. 3A
is a wrap-aroing {gad finger 30 Whichiiaps alonngdhe asside qf theancargplantLfeoés to connect

the medium passive device 212 inside the encapsulant 206 with a passive device 308 on the outside of
the encapsuIé?ﬁ%%?dlaitﬁsﬂéen%ﬁ%?a%fdfﬁﬁr‘\‘é?pa%@% dsvlead dingerneentaly FadiesleseReKing of
additional intagsaiad tiauitediz dyithig tbadsamer pagkagethe exRateaingnadvadoiinier 3, ¢hetkrin is shown a
structure similar to ‘cI:Gla rsgh gntgnot&%r e beoq(i{nﬁe ehof()@el%rg%ﬁnte "l\éﬁ'gior;]r Jl e I?gdvfra}gn? (paddle 202 is
provided withPthe biind groove 300 ihto which the mtegrgte circuit die 203%is pla ed. A bondlllng adhesive
310 is deposited edrhadsdesnttidedglenedeeit Cuigadié381Rsgstatkedroveh therpensgtated circuit die 203.

Wires 314 from the g9 ddl!l&%gf&iﬁ@ﬁﬁlr&iﬂﬁ die3l2 areeennesirRddvariousefibeerd fingers 201.

Referring now to FIG. 3C, therein is shown a cross-sectional view similar to FIG. 3B of another
embodiment BRRE préSeHrPRNTOAT MBI Nt 5 505HePpicRY eH WAt BHIAGFOBNRIZS 3N4nd 324 as
well as underatis BR6 whishdmpovenacihasiadtibgiwaenvizedsaadingrrs 320, the leadframe paddle 202,

and the encapsula 6. The blind.grogues 322 can be the same blin oyes used for the lead finger
Grooves 217 of FIo 58t (ST R DR B B AR G SRR I e crcui
package 4004B.addurdaingewdthithetppedase inde e ihwithad rfirgergfd fed idireuitldié grrdvbatbBonds shown

by dotted lings, g A01RQrAGHGH GHikRRcKIaL 499 hrsanymber ehiead fgarsidoLamunddhe perimeter

thereof to which an integrated circuit die 403 is attached by ball bonds 405. The number of lead fingers
401 is repres@t&ing GTGHteh Q5 BF Tk Th iers, WHILATRay IBUEEARH REE SAfantBWIER the present
invention.  cHlipédeadntingess #Plnths Miggtaiethecutiaisa,. and the ball bonds 405 are embedded

in an encapsulant 406. The lead fingers 401 and the ball bonds 405 are rally made of conductive
matorials and the e BSHA OB 1 GF e el e oo R R S ion 410 is
shown with athaesdiuior pagsivbatidviads 459 extatedihdietwessh.|cHe fingaiatedidrantpddieadifg straight

tips and lead;figgen ArRONAS S A 43T afESRBEHNEIY-

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
paddle 502, and the ball bonds 505 are generally made of conductive materials, and the

encapsulant 506 is of an insulating material.
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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 tip. A corner configuration 430
includes a passive device 432 between an extended, long lead finger 434 and an extended, long lead
finger 436 having a widened tip as required to accommodate the passive device 432. Where the lead
fingers generally arb gdfalfeh o aveanstermiseiexbereketifigaes 123 Aivddurtas paitherenediihided, long
lead finger 43@extend perpendicular one to another. The extended, long lead finger 434 has a wide
groove 435 on one side and the extended, long lead finger 436 has an offset tip with a groove 437. A
large device configdrdfEH YR RASCCRIFIR BASEIVY Gevite WA B EnABRIWS R YngeYs924%and 446,
both of whicheh@ueitleitttipsroppasitalycofsétisniag 40 acearemhopatddhalange padsive: gauidte 442
between Ieadsq'ggale\r/igroal Vaeffl_tﬁéserar}go%% 3 an ef%g('ﬁ]g now tgllgl(%.s4é3 itvht?rein is shown the structure of
FIG. 4A along line 4 £UE, eglnl%gratedlcircuﬁ1 Bac age 400°has the fead ¥i’nger 416 with a blind groove
450 containing the Médiedqyiessivalavitenad sl sbide rasRcTisaipafi23dstikes03 kagpmdethe integrated

circuit die 403, ofignifefarrepttL.dsiaHIRVERP ol thR SORRRSMANMARS sdhafipchimbRg soptasts on top
and is flipped to the position shown. = The integrated circuit package 400 also includes a solder mask
454 having oMY T EIR ASRFRAREYIRA66RAS 45t t53H8RTY tHrethrolah 8- fEeyFated circuit
package 400asdafte resefeirecphidds Bballsgrichédrayr(BeAR7 at orefeteingimonsich BXG. S5A, therein is shown
a plan view of an in{gg{ra%egeggg%ug% gﬁlcllfr%EeHS accor ip to asi§/till gg/{th%'ﬁ bgv%iem%nt (())fime present
invention with an in egrsﬁe circurt die-and balr bonds sh Wﬁaﬁy (?o(%tedpﬁnes. ein eBPafeg Tircuit
package 500chisgadleasbengsiicsd findepd Hoting oumerthe e rinddhe pikdareiohts whisiramodigyrated circuit
die 503 is attgehgelbby,RallPARAs 9D TheleRPlinas snpli-arr Je iGN RV e af Aifferept types of lead

fingers, which may be used in accordance with the present invention. The lead fingers 501, a
leadframe patife 562 4h Inteihtad-iRFtiE503, and the ball bonds 505 are embedded in an
encapsulant 506. TRefleankfingets B0, iBe deaditamapadde Shnaadftiredhalhbondsib@SBre generally
made of condqugtive materials, and.the encapsulant 506 is of an insulating material. . In FIG. 5A, grooves
e formed e |Ba HAGAFS SO0 Ao e e o D e o3 e TR TR ol R hration
510 is shownSWwitkxgenstiuhiquabdive gl foees1 21 éxtechtha debdiwae palda d0fngepsivchaving an

i5nl(:5reased ti?stlﬁjéPnﬂElgstm leadiremanaddiehls DRVINGRIRRG fngRiarraxe Rlhaati paddie groove
Bt I\\fiee\}&//'configuration.

The integrated circuit package 500 also includes the solder mask 540 for further ball
bonds 545, which extend downward therefrom.

The integrated circuit package 500 further is able to make use of the leadframe paddle
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
605 are embedded in an encapsulant 606. The lead fingers 601, the leadframe paddle 602,
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A large device configuration 520 has a large passive device 522 between a lead finger 524 having an
increased tip width and the leadframe paddle 502 having a notch 526 to accommodate the large passive
device 522. The lead finger 524 has a lead finger groove 525 and the leadframe paddle 502 has a paddle
groove 527 at one side of the notch 526. A large device configuration 530 has a large passive device
532 betweengpositelhberdaciSaie genfirderaSBoherh $86 Yeavirigritieread i dpcarsithis i totches to
accommodatgrthe;laragipassivg sevice 532. The oppositely enlarged lead fingers 534 and 536 have lead
finger grooves 535 and 537, respectively. . Referring now to FIG. 5B, therein is shown the structure of
FIG. 5A along line 3BX168 tfhé& My atelf Vs oY radn 8 s shiun eXith it GYrBoRESEYS and the
paddle grooveebitb extendingditiaroaghkdhea lkad fingar @ldaandHhé:ieadnamedprdele. SQBe respectively, to a
solder mask 540. This permits medium ive device 512 to be thicker for the same plan view
configuratont et B R e e LR IBSE r ba
bonds 545, wHigh extend downward therefrom. The integrated circuit package 500 further is able to

make use of the leagiftamarPasidia RR26S g aund glane angierie Beat-sareading PJaag ve of Referring
now to FIG. 6A, therein is_ shown a plan view of an integrated circuit package 600 according to another

embodiment YPHGEYSLRIRT RS FHidHe WhS ArPTRtEEFated circuit die and ball bonds shown by dotted lines.
The integrated circitpackagevoQOHas aBnirbar ioflead ingaratitt af lOdaheapetmeignitrereof to

which an integgated gieutdie, 003 15 attached iy ballbonds 495, Thelead fingers B3, ate fepresentative
of different types of’lead fingers, which mayebe Used In accordahce with the present imvention. The
integrated cirenftpsatkad®®00bkhgromeld de s arddiasfdanvetivasi die tBo deadfihecardidle GHVarious

configurationsg, igpRnyhickithe prearairdusirausidie KO3HSAE0 adr ThsiRadhfipgprsRRL, the
leadframe paddle 602, the integrated circuit die 603, and the ball bonds 605 are embedded in an

encapsulant 898°erhd WalfHHEEE 681 a2 a1 PURIdte 45025 dndTte b alBB I/ BbS % e generally
made of condpetidenmatedaiheanciihe pncapsidant 60biishefdan insldatifigesiaiedat. 613 dindfhs. 6A, a
medium deviceﬁg?nfigur%t&g l§1O IS showrgﬁggieth aﬁggg ssive (Eie\:/\c/i'ce 612 extending between a lead

finger 614 andf the feadirama H’a&odTguéﬂﬁé & lea ger 2'hds a6 finger groove 613 and the

leadframe paddle 6B2ftraisg paddie Ijfaova.6thsrein isThwleadfranteod ddulm80Paaleingas wigroove or a
relief 619. The,raligf £1Q can b ehRY.confiouwatinauhds Shava A AYARLETQSthe pREIRITING Now to

FIG. 6B, therein is shown the structure of FIG. 6A taken along line 6B--6B, which better shows the relief

f
619. The reliét18Providkadiets MBIdabifsiionase dlapslialiedbens madsty/dovedisr \ttelieved
portions of thadgadTamepadiisl gdare Buffiaienty phickdtel piesriil. thEne serifbling Fn0ddhyough-grooves
for attachment of passive ices..The leadframe padd| can continue to act .as a ground plane
andior hoat S AT Ed ) F T Lot c A lca T e ies AT e R, 525 and
the paddle grgovecs 9bhymsbidiuctiveladhebledecPG andhen, despactivdfier 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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Referring now to FIG. 7A, therein is shown a method for manufacturing a wire-bonded integrated circuit
package in accordance with an embodiment of the present invention. A leadframe 700 has lead fingers
701 and a leadframe paddle 702. The lead fingers 701 have blind grooves 704 and 706 provided therein.
The leadframe 700 is on an adhesive tape 710 and is covered by a stencil 712 having openings matching
the blind grooves 784feamuhg 06w Acddétor Bldekser & ighewowhe diawitig sbidér phstécr Tenesidds the surface

of the stencil 12 ihdhgstigcion iDdicatach Ry dhenduaupédEnSolanPaRIE {4 ilis: ihe. Plindwgroove 704.

Referring now to 7B, therein is shown the structure of FIG. 7A after removal of the stencil 712 and
positioning of tAYpEEEE 8dvices 722 and 724 and reflow soldering to convert the solder paste 716 into
solder to hold the pRs&iténdenieas FR2 and th24imnipkaoen the Rgdetiin @hBuG (0 HF-iGer ide;ttiperein is shown

the structure of FIG, 7 aft%gs?@eot%itpﬂ f a heat conductive bonding compound 726, such as an epoxy,

from a nozzI(-:‘re'}Iﬁ%v.aI © eei@‘errlng now to FIG. 7D, therein is shown the structure of FIG. 7C after
positioning of a wirdkgfersecnindgrited didbitreiely Sown thR sfientng plollGo T aitapingdasionis shown the
structure of R (iRt igfe¢ BRNFINGWIEESAR2 PRIVERN e Witehaed %Qdﬂﬁelge[@kt% GireHiterlig, 430 to the

lead fingers 701. Referring now to FIG. 7F, therein is shown the structure of FIG. 7E after deposition
of an encapstifni®3a BapAhG EEalrd i ehegssarmt3? 48T treedlieapadiash material can be molded
and cured. Refateifegringwide F&IGGrlthaeaim is showin tiesshiveiarefdfIBIGF/in aftaltcasdape, or

removal of the dgesiv tape. 710. Referri to FIG. 7H,t injs shown the strycture of FIG. 7G
o emaulat e e o B e & et o
a strip into ary#dividthal irtegpaicedapircllOpatkageokBs fopskleadcosmpetkagehemiRefeptignow to FIG.

71, therein is&ﬂa%[hgggaﬁﬁg%@sg{n@@r 1;;%}Ql§g,%2temate embodiment showing the formation of a BGA
package. In FIG. 71, openings or apertures 740 in the adhesive tape 710, or a solder mask, are formed

by chemical etchind SHEESIRYEPFIE procbesiyisotRRBrRE i GREfCHiAbASHAL 1B 7], therein
is shown the siretiisof4B 16nd Fafiaften aidaohing Boldenbialls. 742 and reflowing to form a BGA package.

Referring now to FIG. 7K, therein is shown the structure of FIG. 7] after singulation
to form an individual integrated circuit package 745 for a wire-bonded BGA package.

Referring now to FIG. 8A, therein is shown a method for manufacturing a BGA
integrated circuit package in accordance with another alternate embodiment of the present
invention. A leadframe 800 has lead fingers 801 that have blind grooves 804 and 806
provided therein. The leadframe 800 is on an adhesive tape 810 and is covered by a stencil
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. 7K, therein is shown the structure of FIG. 7J after singulation to form an individual
integrated circuit package 745 for a wire-bonded BGA package. Referring now to FIG. 8A, therein is
shown a method for manufacturing a BGA integrated circuit package in accordance with another alternate
embodiment of the present invention. A leadframe 800 has lead fingers 801 that have blind grooves 804
and 806 provided th@feinnT weddifdfe O0thsiem dn abitvesitke tapec8re ahdis célerdgbiba stencil 812.

The stencil 8} hasaReHMNES A QRERINGS.SARiaNe, 8051 rough 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 ROIdEPH A8 WA AIERh i G BBV BE4 T Formddier Paltecssd Brdahe opening
805 to form salder paistel8Rlof soldehaliing Nowhtoapdtur8Bs4berdindssshown the structure of FIG. 8A after

the removal of the stepcil 812 to lg thesolder. paste 821 and 823. Passive dgvices ?% and 824 are
then posttioned i e UL A6 It oS Bl a6 e s Ry e b BT B Merein i
shown the strifegulasedfty| Ghlgd: Sité tafbmbBhdephiiegrd€d circuit die 830 is attached by reflowing the

solder paste 821_ a%ﬁ%@n@%@% @@Gd&ﬁ%%éi‘&g ﬁ%o@ﬂ%@ﬂ&ﬁ‘éﬁl@@hFﬁithPﬁ&SﬂVﬁtQﬁ‘élEeS 822 and
824 to the lead flnaers 801. Referring now to FIG. 8D, therein is shown the structure of FIG. 8C after

encapsulatiofft"9R YrRapUariHedagccordaetaiiRdh die e PRy caiionh Chsipf e e Rt kifcture of FIG.
8D after the farmaiibnoftaparitse s Pobitotheadhesivehtape 810.810 vR@fesIR@eUntd IpGridF, therein is

shown the structure.of F 8 'nvertggéo |l attach and.reflow of sold %alls 842 in the apertures 840
gl b SRS MR e e O B e el A
singulated bythe bigdelgd@tanfobm drBTAn padicatrs 850the aRetedfifig rfoldao FIG: 8F) fildrahe is shown the
structure of |G @R R analierpatg.gihod of manufacture in accordance with the present invention. The

structure of FIG. 8E is inverted. A stencil 860 is positioned over the adhesive tape 810 with holes 862
lined up with the apRF{EFERERY 10 ddEtdt pibaeissushe srdimsirsitis P 561Gk Bhhais g8 A dYs the surface
of the stencil B66téndi g airgation siicated1by tTeharsoMe8ptSoldes pasie BdL fillmphs Apertieres 840 and
the holes 862, Referring now to FIG. 81, thergin i 0 e structure of FIG. 8H after removal of the
ctencl 560 of EfEL T B T R e S R i R o
been invertedizgvi sivdatatd®dby the blade 844 to form a solder attach integrated circuit package 875.

Referring now to Flfg. i2in NRERINGS e WA 2 GO Il MANUiagiuing, A Riadritiagnatedeeirguit package

in accordance with another alternate embodiment of the present invention. The leadframe 900 has lead
fingers 901 tRHEHA{R YL RIGKASS JDASREIRTS ProviRUPH T2 h eNRatimE MO O iB61 %N adhesive
tape 910 andiis@mvared iy lasienad 90@.hihestenisedl Ahamaperivnemar parings49aiand 907 through

to the lead fingers,901. A do r?lzgg 914 js.shown drawing sold aste.916 across the surface of the
engi 912 in TR et R B O e e R S e e 004 to
form solder pakie DR0ssanditivd Dpering 905 to formiolder pasfYDRrough to the lead fingers 901.

A doctor blade 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.

14



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 934Rdfiseirgfieny detdtHeShhdqiassivehdevites su2oteisd DBt theflende fiapgeer 901.

Referring nove ol o Plhethgiiginvs shawi theratiugtidte ofiEl@.QGalghReaRRAtIeN thanencapsulant
936. Referring now to FIG. 9E, therein is shown the structure of FIG. 9D after de-tape, or removal of

the adhesive RAPRH 10" PRAPERAEM 4 HRLERIPY5Shded integrated circuit package can be formed in a
singulation processReferfRgfaising s @G0 FHGihBfejitherain e stevwiribenstroCtBre. o9 IF- 16dted Ehafter the

attachment of a dielectri¢ layer 980, sucg) solder mask, to the leadframe 90 nings or apertures
40 are formel e e e ) S e e o e o e
cutting. Rasfstrieg Prohate fmed @ thrededie¢tishoyen 986 Birgbenrs afeicn O phntakesnbie

embodiment g\g@%m,@ fRenatigR.of a BGA package. The structure of Fig. 9G is inverted for ball attach
0

and reflow of the solder balls 942 in the aﬁertures 940 of FIG. 9F. Referring now to FIG. 9H, therein is
shown the structureR6fEIBE SENHOEE Ao RsrgbIkelrBy 4h618ae8us b s BER H4eRdGe 950.
Referring nowmnidddife @ Ishthaieinhis fohawivine stRGA @ bCIIdirnanralée rigte mathodafdnanufacture

in accordance with t resent invention. The structyre. of FIG. 9F is inver encil 960 is positioned
over the dieIe?g\f%énlla%gar%%gﬁgo%%é%éala?]re%c? fllljspg\%}vrz:i nttﬁlg %{Jﬁgﬁﬁersegléféﬂ(}gggor blade 964 is shown
drawing solder pastke666ngcross th&1Surfitetisfreie isteheil 0BG isfriseudiretdida. itdicarededyatide arrow 968.

Solder paste @ fillsithe Anciises 48:andBeahRles 6550,  Referring now to FIG. 97, therein is shown
the structure of FIG. 91 8H after removal of the stencil 960 of FIG. 8H and reflow of the solder paste 970

to form solder bumpE§FMmerpstrEl e’ hdbBeiansmeradisnirestyaiatdd By s eratto form a
solder attachrt@gdateshgitcuitipackage@ihce withRekepisignowdaibhG The Aribereiof iIBIShown a method

for manufacturing a,bajl-bonded integrated circuit pack in.accordance with another, alternative
omboament T D B T B R e AR e e
1002. The leadtfirijerspa00tshziie Blidectpoblinds 2004 shdwir006 piayishdde thereenthectestdfhame 1000 is
on an adhesié’&ﬂﬁ@%ft%Q@H&l@é‘(ﬂf?ﬁ?@dﬁ%@iéﬁem&%é@&%y%QQM @@des%ﬁﬂcﬂés%‘%ﬂl@awmg solder

paste 1016 across the surface of the stencil 1012 in the diréction indicated by the arrow 1018. Solder
paste 1020 fille RS 58 Yrd8vt thipbales 96 Referring now to FIG. 10B, therein is shown the structure of
FIG. 10A after the rrefa@viakafdhesEaciHl Ml da ieavevihemsaldesprsie HI0R DI THepassindevices 1022

and 1024 areoﬂﬁé‘ &gnsclﬂ%dom g?lsgr%: ye\:/t?oa/r?)ﬂ/}?ess%%(e)ﬁp%g% %98 ?(') form solder bumps 972.
The structure has been inverted and singulated by the blade 944 to form a solder attach
integrated circuit package 975.

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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Referring now to FIG. 10C, therein is shown the structure of FIG. 10B 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. 10D, therein is shown the structure of FIG. 10C after
encapsulation in an encapsulant 1034. The encapsulant 1034 is molded around each ball-bonded
integrated circuit di&af@g0we novRisfdiing MowherdnGs JoE ke einuguwhovilhel SBuitara 8RIMG. 10D after

de-tape, or rejponal pidheedbesivedaPr)3®L0atachBEIGH NG PAVHShII Go IO RetiRGERIA ihghawn the
structure of FIG. 10D after the attachment of a dielectric layer 1080, such as solder mask, to the

leadframe 90RSOWetiMy&Sdlapand i tacaHomeddReRe 8y er 1080 are formed by chemical etching,
photolithographic prugesgipgner lasaricuttioy, thel@farrisighvawtio kiGetlRGoftHainlBCsheawn the

structure of FIG. 1Oﬁ in an alternate lgpetthp(% Qf nufactur irtl ggjcﬂganoqge\é/i%rwom% gggﬁ%%ginvention.

t . P
The structure of FIG. 1OF is Invertea. A stencil 1060178 positioned over the adhesive tape 1010 with holes

1062 lined upowidadihdegpuetlessuitolio 1@38octor blade 1064 is shown drawing solder paste 1066 across

the surface of the sieeiliA068\n e diragtiandnsicatas by the arawd 98BS algsTRasHE 1RO fills the
apertures 1040 and the holes 1062. Referring now to FIG. 10H, therein is shown the structure of FIG.

10G after attQERTENE o Fas s tesiRes Y990 and 1072 and reflow soldering.  Referring now to FIG.
10I, therein is showRellegrist uciureoof il Gl (FQHhaftar ikishand damdbataut «f e .laad fuigersid 001 to a
wrap around length. The.dambar cut is rmed to cut off any joints, which ovide
pre-encapsulii et ARl B e, o O S e TR D e
structure of RISrtuGsafdéy thahfodmlegjref khyend8sOfivig&reeddy imiva gtelrmgnphesabiirsiriebiys to provide
an external leagLintealed Greuitipackage 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 5 WA HIdEFpalts REEREITBE S E riBs At e 106 Eb?ﬂé'llé?‘FﬂPg?j with solder
paste before neflowliog mbhefieaddfinget i basta teaprérgengeatve. TR/ swithusoldeFipastEFreservoirs

1110 and 1112.at the two corners filled with.solder paste tg‘%fore reflow; .T.fbe lead fi - grooves 1105
A 1100 ard e B B B R e e
1114 and 1116, webpgbetipeiiures 1Refekritngtaoads R G4 isl othedeirvisSkaddan pagisifctarsost FIG. 11A

having a pasgivedeyiee A drOBthe 2RIFG! IRcrasd-alier felawsedaEng:of theesoldeRagiRwhich has

been printed or dispensed. Referring now to FIG. 12A, therein is shown one embodiment of the
cross-section! 87 Hits theRReRREal8hY aethedRles IR0 he passive device 1120 is in the lead finger groove
1105 having a bottaefdi2dp aidel the solterast@dsin hesheservay Sssii&oranst JHIOS hegingteespective

bottoms 120621t%\21r(]:gn:|1'e2n %f passive devices 1070 and 1072 and reflow soldering.

Referring now to FIG. 10I, therein is shown the structure of FIG. 10H after trim and
dam-bar cut of the 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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Referring now to FIG. 12B, therein is shown another embodiment of the cross-section of FIG. 11B taken
along line 12B--12B. The passive device 1120 is in the lead finger groove 1105 without a bottom and the
solder paste is in the reservoirs 1106 and 1108 having respective bottoms 1206 and 1208. Referring
now to FIG. 12C, therein is shown another embodiment of the cross-section of FIG. 11B taken along line
12C--12C. The pasBrigrdagicevi 10F IS inliie [dagingethgrobike 15105twidub ¥ bdttdrhameEthe solder

paste is in thg J@SRNeHS.1L00 ANAL ARG BREATIFw solRGTRETBIGHIQMIdE: FiGe IvhidR@ERIN is shown

a close-up plan view of the passive device 1120 showing solder 1300 filling the gaps between the passive
device 1120 B & edaritRsAsef100 and 1102. The solder 1300 fills the gap by capillary effect during
solder reflow. Reéésriing now e G124, thexeiniisishowona éndikiicichd 00 dar doriegtan oitegrated

circuit package in rdance with t r t ipvention. The.method. 1400 comprises: a block 1402 of
Proviting a 16 R 2 ok AR St R B plock
1406 of placihéa bavidactibetboning aekHcinalkergresty e, andicarbioniitn086faprhdig davadactronic
device in the gtgauR b HENEIPY g parductive 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 WIS MIIBE S AR R thissb Skn P iReffEnaRdiPRgHRIdh e sioiedhg
description. AccaGlingyakds indapdiad toBzmMpPBaCcEhalpsisole diieisealinaess inabifieati dingeandosariations

which fall within,the spirif a cope aof the included claims. All matters s th herein qr shown in the
accompanyinqgllrbdgravv‘(/il?rl%g{aarr(;glﬁ)a %%Pi%?%réﬂ%tseotf n &n Sm:uéstré i\%earr? C ﬁvgﬁ{ﬁi%t}gﬁ’gaggen{s%& E IRIVENTION
CLAIMED ISrespaetivadgranas Cleduinpaékdge, comprising: a leadframe having a lead finger having a

groove provided thq{@ﬂ&ﬁigcf?&gl&?_@‘f@.'QQ@Q'Pﬂ&éﬁ@@&ﬂﬂ&ﬁ%ﬁt@@%’&h@&ﬂﬁ&?&%@%Q?ééﬁ@ni_n the_groove
to be held by the conductive bonding aéent. 2. The mtegga.ted circuit package as claimed in claim 1

wherein the 1850 g &P rekenAipneine 1EHst btfe of th@AENRGEYfoHL Rt ARGHEhERSSE P WHith, side
extension, flareeh effgeitextentean, oHualcosvisapandhier@ofhe resdrvbiie integrated ciguitihackage as

claimed in cletggl 1 further comprising the lead finger formed into an external lead around at least a portion

. toms.
of the integra 8d Circuit package.

Referring now to FIG. 13, therein is shown a close-up plan view of the passive device
1120 showing solder 1300 filling the gaps between the passive device 1120 and the lead
fingers 1100 and 1102. The solder 1300 fills the gap by capillary effect during solder reflow.

Referring now to FIG. 14, therein is shown a method 1400 for forming an integrated
circuit package in accordance with the present invention. The method 1400 comprises: a
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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4. The integrated circuit package as claimed in claim 1 wherein the lead finger groove includes a reservoir
for the conductive bonding agent adjacent to the lead finger groove. 5. The integrated circuit package as
claimed in claim 1 further comprising: a leadframe paddle having a groove provided therein; a conductive
bonding agent in the groove; and the electronic device in the groove to be held by the conductive bonding
agent. 6. Thd iHtddradlEpRLitIpaRESLSs claimed in claim 1 further comprising: an integrated circuit die
bonded by at least one of wire or ball to the lead finger; and at least one of a solder bump or a ball grid
array ball formed on.the leadifirgered/ciAniipegiatedsipuiinackage, comprising: a leadframe having
lead fingers extendiep% 2 }gagthonlen og %%rﬂ}gl epﬁerlp]l%ndicu(l)a(fear}(qvgdggmbier}ation thereof one to another,
the lead fingers having Ind or thr g grooges proﬁﬁe%t erein; a conductive bonding agent in the blind
or through grooves:aantdaqiassiveddwieeninnibelginaver ahdough grooves to be held by the conductive

bonding agent, the pasgive.ARVIcei@ BLIRELBRIMERHE doank fiagers:i8 bbhguipiagiated circuit package
as claimed in claim 7 wherein: the lead fingers have tips of at least one of the configurations of straight,

increased, side extension Tharet:@itsetciexiepdechgoraa cambihationitharedfrein the lead finger
has a tip of at least one of the configurations of straight, increased width, side extension,

flared, offset, extended, or a combination thereof.

3. The integrated circuit package as claimed in claim 1 further comprising the
lead finger formed into an external lead around at least a portion of the integrated circuit

package.

4. The integrated circuit package as claimed in claim 1 wherein the lead finger
groove includes a reservoir for the conductive bonding agent adjacent to the lead finger

groove.

5. The integrated circuit package as claimed in claim 1 further comprising:
a leadframe paddle having a groove provided therein;
a conductive bonding agent in the groove; and

the electronic device in the groove to be held by the conductive bonding agent.

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

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

7. 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.

8. The integrated circuit package as claimed in claim 7 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;
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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. 9. The
integrated circuit package as claimed in claim 7 further comprising: the lead fingers formed into external
leads around at least a portion of the integrated circuit package; and an additional passive device on one
of the external leadgextasivictelerisdintedvdes dacivoall paekage. or laage Pifsistalgiaceceirtsicpackage as

claimed in claim 7 wherei@gg@eg{iﬂgoqgftm@)}ég@ﬁ{rg@y%mclude at least two blind or through reservoirs for
the conductive bonding agent adjacent to each of the blind or through grooves. 11. The integrated circuit

package as claimedih A AR SEUNE RGBS RErFHRe piatRs &k islspd Hpgdve, a notch, or a

relief provided there?'n; a cPlgdugtiveteb(pndilqg %%Ent in at Ieas(t,ltlrrlled%rooy%rme notch, the relief, or a

. . . miteera CIrc ag¢ as claime 1 I'CInI'il . . .
combination thereof; and at Feastg[ e passiv ew%e In the groove, trﬁe notch, tﬁe I?eﬁélf(?’ or a combination

thereof is held by thbecload lineees homeiddnagericimetiradh apladstt derstof pheilaaef fibgBisganddhe
leadframe paddle, the integralre)£ikgpit dig and the groove, the notch, the relief, or a combination thereof
12. The integrated circuit package as claimed in claim 7 further comprising: an integrated circuit die
bonded by at least 8h& Yt BRI BEIYD Ife B LATiRG R &n'eReh st EridalsstiatiRgaehtegrated
circuit die and the lead fingeciapacahgeast one of a solder bump or a ball grid array ball formed on the

lead finger outside the integrated circuit package.
10. The integrated circuit package as claimed in claim 7 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.

11. The integrated circuit package as claimed in claim 7 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.

12. The integrated circuit package as claimed in claim 7 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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