TITLE OF THE INVENTION IN-PROCESS SEMICONDUCTOR
PACKAGES WITH LEADFRAME GRID ARRAYS CROSS-REFERENCE
TO RELATED APPLICATIONS [0001] This application is a divisional of
Singapore Application No. 200500410-6 filed on 17 January 2005, which
is a divisional of Singapore Application No. 200202206-9 filed on 16 April
2002. BACKGROUND 6H¥E?E>ﬁ®ﬂ$ﬂ%ﬁl‘{@@f] The present invention
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and evaluatiNgBROSEMR SEME AN GROB B hGEN B Hlates to
leadframes for mountikGALRERNMESIRE) ARRAY dncapsulating to form a
complete semiconductor package. The leadframe includes a plurality of
leads having a similar length, with offset array pads forming a grid array
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semiconductor chip bonded to a leadframe, either seated on a die paddle
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trimmed_and formed into a desired conformation. [0004] As_electronic
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a grid R@ekaginBSeMiceNHURtopLiegbave been used. These methods decrease
the "real estate” or area that is required to install the die on higher-level
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environment and provide leads or other connection points, allowing a chip to be electrically

packages and methods of assembling
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accessed. Packages have typically included a semiconductor chip bonded to a leadframe, either
seated on a die paddle or directly to the leads in a leads-over-chip (“LOC”) attachment. The
contact pads on the semiconductor die are then electrically connected to the chip by wires in
wirebond fashion. The connected leadframe and chip are then placed in a mold cavity and
encapsulated in a mold compound to form a complete package. The leads extend out from the
mold compound, allowing the chip to be electrically accessed. Typically, the leads extend
laterally from the package in a flat array, which may be trimmed and formed into a desired
conformation.

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

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

1



area the same as or only slightly larger than the chip dimensions, but
introduces a number of difficulties and shortcomings into the
manufacturing process. Attempts have been made in the 1 art to provide
a semiconductor assembly that includes the benefits of a flip-chip type of
attachment while keeping the benefits of a conventional molded package.
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pac H‘%e fabrication, increasing manufacturing costs and the opportunity
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attempt to resolve these shortcomings. A flat leadframe is attached to a
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[0007] U.S. Patents 5,715,593 and 6,028,356 issued February 10, 1998 and February
22, 2000, respectively, to Kimura, represent an attempt to resolve these shortcomings. A flat
leadframe is attached to a semiconductor die using wire bonds. The package is then encapsulated
in two steps, one encapsulating the chip and the chip side of the leadframe and one encapsulating
the leadframe. In the latter step, the mold includes bumps which contact the leadframe,
producing dimples that allow the leads to be accessed. Solder balls may then be created in the
dimples.

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

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



producing dimples that allow the leads to be accessed. Solder balls may
then be created in the dimples. [00081 By placing the solder balls into
package dimples, Kimura-type devices introduce additional problems into
package formation. As the molds are reused, wear can erode the surface
of the contact bumps, requiring replacement and preventing contact with
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interfere with the electrical connection. Removal of this thin film is difficult
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solder joints or humping, thus adding fabrication steps and materials.

conneglpdfile SRMRARRAO R RIENNVENPIORE 0B T e SEriiMPR oS adding

fabriciigHdep SRRAMAusiaRd methods for fabricating semiconductor packages,
or assemblies. One type of semiconductor assembly includes a

leadframe with leads featuring an offset portion exposed at a surface of

the package to fopR oSO RINAXRA (SR TIEORGIgaUiGRI conductive
material, such as solder or a conductive or conductor-filled epoxy, may be

didld83d dhforRietewn BaERtEpIBeldRsrtitPMAfBmIaR dpeifage for fabricating

semiconductor packages, or assemblies. One type of semiconductor assembly includes a
leadframe with leads featuring an offset portion exposed at a surface of the package to form a
grid array. A volume of electrically conductive material, such as solder or a conductive or
conductor-filled epoxy, may be disposed or formed on each exposed portion to form an array of
solder balls, or other connection structures, in a ball grid array (“BGA”) or similar array structure.
Semiconductor assemblies may include a leadframe where a lead has an inner bond end wire
bonded or thermocompressively bonded to a bond pad of the semiconductor chip to enable
electrical communication therewith. Leads to be thermocompressively bonded may include a
section proximate the inner bond end with increased flexibility to improve the
thermocompressive bond. Leadframes and methods of forming semiconductor assemblies are

included within the present invention.



solder balls, or other connection structures, in a ball grid array ("BGA") or
similar array structure. Semiconductor assemblies may include a
leadframe where a lead has an inner bond end wire bonded or
thermocompressively bonded to a bond pad of the semiconductor chip to
enable electrical communication therewith. Leads to be

thermocompres&PdiBRaERRAVONEES HESB& W PSkimate the inner
beggh ¢d Withdnrreasss Iexipilipie  MPMRLEHIR HRMIREPRBIES SR arrying out

~ bond. Leadframes and methods of forming semiconductor assemblies are
the iny¢aiRied within the present invention. 3 BRIEF DESCRIPTION OF THE

Dﬁﬁ\i’ﬂ"\' GROPHL %&@a??ﬁ%?é@i%&ﬁ%&%Qﬁlﬁ’&ﬁh{@&d@f Rr&SEMductor

known for carrying out the’invention: [0012] FIG. | Is a cutaway
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a view of an alternative embodiment of an array oftset in accordance wi

with theeppriogilslesfahthegseas@midantremtion. [0014] FIG. 2 is a cutaway side

view .of a ian of the embadiment of FIG. 1. [0015] FIG. 3 is atop vjew
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pedes] inFentidns [ORP6]iEWGo4 iBall guildwayyidekuiwnatia sestiondahce with the
princiaroth r embodiment of a semiconductor assembly made in accordance

R S P RRSEIELSERS Yresent invention. [0017] FIG. 5 is a side view of

PPOLO6P lgad; ofithe erohadimentioNides. 4t REIAlbE BrRESIERIBhBIMN SNt of a
THE INVENTION [0018] Reference will now be made to FIGS. | and 2.

semicpiguqtorditeiBlparade igecudanray I hoPEraRle 96 fisBrfseRiinvention.
SEODPPNAYEEr ASSEHRIY LA HRFS B ACRAHaNGR Withdhenaingipies of

the present invention. FIG. 2 depicts a sectional side view of a section of
the embodiment of FIG. 1. A semiconductor assembly 10 includes a

semiconducton SHiRLZHBESER IPTRAVORVEIENRVE@GIAShion to a

leadframe 14 by an adhesive element 16. In the depicted embodiment,

tHOGHesRefeieermtiil e 1pyvapeaundsiveip, baeh as HlGodlepastied perspective

cuta1vv§§7j b%%!/v(?f one embodiment of a semiconductor assembly 10 made in accordance with the
principles of the present invention. FIG. 2 depicts a sectional side view of a section of the
embodiment of FIG. 1. A semiconductor assembly 10 includes a semiconductor chip 12 attached
in leads-over-chip (“LOC”) fashion to a leadframe 14 by an adhesive element 16. In the depicted
embodiment, the adhesive element 16 is an adhesive strip, such as a double-sided adhesive
polyimide tape such as a KAPTONJ tape, but it will be appreciated that any suitable adhesive
may be used, including a liquid or gel adhesive.

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

design may be used. The array pad may vary in width or shape from the remainder of the lead.
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polyimide tape such as a KAPTON;] tape, but it will be appreciated that
any suitable adhesive may be used, including a liquid or gel adhesive.
[0019] Leadframe 14 includes a plurality of leads 18, such as leads 18A
and 18B. Groups of leads 18 are organized into lead sets, such as first
lead set 15 and a second lead set 17 on opposing sides of the

For exapipleditGl ddishosrre aeeiridnddonehiding laadtnh frctueadisay pegs 24A,
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the assembly 10 toward the longitudinal axis L. Each lead 18 comprises a
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pad may vary In or shape e remainder of the lead. 4 For
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including aluminum, copper.and all thereof as well ferro Il
leade[B%;%? u #}u , COpp da y'S eof as well as us a

B AN PR Sl o RS N TR R AT 4 may be

trimméd Ohsnalding1a0radsacth2e ©haaricendugiairssarilcdlésdn Jaliicatingol ding
assemblies 10 in accordance with the principles of the present invention,

compuah e e ARRYEBRLIES otk YaniieRRa the JVSRROSF BUhRABEF spmewhat
more BAHAMES IR aAsHiRi b RWIHREViafASIerRig S HABRMRE chaplicateds 18 may

on the strip, which assemblies 10 are then separated by cutting the stri}g

also ags forraashist heabiEvBspoTBR v A0 wen g RRFFa4D fldKIsinl § Hicebalsebstantially
similPRGIBAUVALY ead odrd R Mmaxba stimimed:-Usih akgjdeld majority of the active

Embodiments where the lead ends 19 are enclosed within the molding

surfacgsrhihs shiP 26 & RiBc¥BAtE WTaY! aschatte e kshrads thersaveRdesed lead
ends RMIHDRYBEROMAND3E 1@5@@1%”{{)09&1%@%@&@}?0&{%39qg&@&ﬁﬁg%@%ﬂ@%&sing the

electrical connection to chip 12, leads 18 may also act to conduct hea
potentidfiagserablifc of dogingsapeatiBn. The leads 18 are all of substantially

[0021] Leads 18 are electrically connected to the semiconductor chip 12. In this
depicted embodiment, the connection is accomplished by wirebonding. A gold or aluminum wire
bond 25 connects an inner bond end 23 of each lead 18 to a bond pad 13 on the active surface of
the chip 12 (FIG. 2). The wire bond 25 may be formed by any suitable means known to those
skilled in the art. It will be appreciated that any suitable electrical connection, such as tab
bonding using conductive traces carried on a flexible dielectric film, or the direct
thermocompressive bonding of an inner bond end 23 of lead 18 as discussed further herein, may
be used and is within the scope of the present invention.

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

outer surfaces of array pads 24, leaving exposed at least one surface of the array pads 24. In
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similar length, and two opposite lead sets 15 and 17 extend across the
majority of the active surface of the chip 12 to be in contact with, and
accessible to, bond pads thereon. Exposed lead ends 19 increase the
ability of leads 18 to conduct heat from the assembly 10, increasing the
potential functional life of the assembly 10. [00211 Leads 18 are

formiggdbepeaniPebhH dhecr e ARcskieRiSRBEeEHT P 12 and Ipid leaidréare placed ina
mold ERAQIMERL IheneAnBERIaN IHARLMBESHSS MY UEBPHINGAIGIHPA molding

aluminum wire bond 25 connects an inner bond end 23 of each lead 18 to
compeuRa RS {9er1Bthe apraplethaeldeadpackaghel értmssonpblpl @) Impeuyypetly preferred

embolANEh 25 MNREAAIMEH LY AN SHitakle MeARmENQYWR Oathﬁﬁ‘éoﬁé(i'Fﬂdﬁle-fﬂled

the art. It will be appreciated that any suitable electrical connection, suc '
thermgplzatic bohaiag UBgcandadiivé oiaibedwaritticontact exibitadisibdieionilishcavity,

r i ressi i inner
resul S o P RO B e 288t array
pads e Areseoldingatigmyod 20 Eiiles the ohaldicatlyierat eldetritmily wokmbegbgressure
semiconductor chip 12 apd leadframe 14 are enc lated within a
o e T A A R SR B M B o
pads 22810d the sipldingnodhpounyd2badies Deflvadegondeainiorsplafhd¥2af it may be
the outer syrfaces of array pads 24, Jeaving exposed at least one surface
neces S ) B R 4L ALTHOR EO 4SO RLBar 0O made o
those padsizonthitolechipglRagnejeiacicaimd: hd anephasrdliscautodlticavity pads 24 or it

which is then transfer Ided, injection molded or pot molded with

may TEABIE oS BURE 96 D5aTr ol SRS T BAEe s P pads 24.
a$eezshly besitamycuvenicrreiaicetBnhadinart thecmoidigdReessdisn each
transfer molding using a silicone particle-filled thermoplastic palymer. The

of the gy Bt AL 1R REASSPRIBBNIALE SiRiedeaBe iikahestieaVky; chip fashion to

highef8SHIRAIRaHIR.MANING cRMRALBLSHITagaIREIGHUALINTHE SRMEthe conductive
common plane P2 as the array pads 24. As a molding compound 26

attachgeil s0Er A1 Nt @asckigb e ntLiABPIRg P Pridssareyaprfls 24. It will be

apprelSARaIRIRY QUMD IR LE HATH c A dDOHIN ehGRIRAOURAACBWRYfOthe future, to
between the array pads 24 and the adjacent mold cavity surface.

those shakbechidtiflty 8F ey rRciosd Serdlisprstaipeniusiayeisie nes e sl Heassgiably to be
attachlin §OMBREBHRY PR 24t 2iovap &Ill%tﬂp%lagﬂ %?Q{ﬂ@atl?y%ﬁﬁﬁgt?vgoepoxy,

those pads 24. This cleaning may require as little as a mechanical scrub
condugfittedyalifisd pads R aroly other suitable electrically conductive material that may be

fashioned into a discrete conductive element by those of ordinary skill in the art. Examples of
such discrete conductive elements include solder balls and conductive columns or pillars. The
electrically conductive material may be disposed upon the accessible array pads 24 by disposing
masses of solder paste upon the array pads followed by flowing the solder to form solder balls.
Suitable techniques for alternative structures known to those skilled in the art may similarly be
used. Itis also contemplated that a Z-axis anisotropically conductive film may be disposed over
the surface of the molded package having the exposed array pads 24 in lieu of using discrete
conductive elements.

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

FIG. 1, to produce four rows of array pads 24. This places the array pads 24 of the first lead set
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may require that a chemical etch be performed to expose the surface of
the array pads 24. [0023] Desirably, a volume of electrically conductive
material is then disposed on each of the array pads 24 to allow the
assembly to be mounted and attached in a flip-chip fashion to higher-level
packaging such as a circuit board. In the depicted embodiment, the .
15 at oisamldibereartaommman lnstalpesdisnswithicspraetpangitaliabssed-opfeating a

orid affl§ BERY.HAHRIL44 It will be appreciated that any suitable electrically
conductive material known now, or in the future, to those skilled in the art
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electrically conductive epoxy, conductively filled epoxy or any other
dispossitetblbeateptiedtyrappaliclil énniateiide tHarmiag bbalegidomey .ifdpeembodiment
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serve H P A R R AL B R rormee
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art may, similarly be used. ]t is also contemplated that a_ Z-axjs o
suose T RTS8 UL B B oPln st of

rows, thetdédapaakage wakingdhedgxpaaaal asray pacisriddi.lid eldusinguter row 46. It
..., discrete, cop| uctive elements. [%024] An offset 22 be located at a

a n .
will b SERiEH A DA HIG 50 GRS S VRS Ay PleAn i Cradihetly which

lack as@liférwithincludenseviarahwiihgels isdichdsuhsel paving atfseis pbidotatedll such
at a common position. The leads 18 of each subset may be alternated, as

embodiments drepyéshin thy 5768808 REUPFSHY BVSRUY mads 24. This places the
angeepdrashohthe fislilieagsaipfdp Rt severbdiffarent (fﬁﬁ%rf@m Bt@i@present

positions with respect to longitudinal axis L, creating a grid array of array

inventigpyecsult [pasSPEMeRIE deiietenbly pneladinsradcadimsaydngsaes@nsihybe same
lengthf?éﬁlag%@%F@aﬁ%ﬁﬁﬁﬁﬁt}%ﬂ%ﬁt@a@?@fmﬁ%ﬁatl'ﬂ%l@ I&3RPSIRUSDHARE of a molded

Surface 48 features solde s 42 disposed on the exposed array pads

packagg (rﬁ;tc\hsfimélﬁsmmm% Wamgﬂbear@éw@ﬁ@a@%daﬂwémgdﬁb@@é@wmﬂ size,
enhanSEPHRHGRIGGRIGIE T BV PRRIFRRING QHISBES vedr RO RVST PATREHB Y Wffiponents.

of array
[0027] Turning to FIG. 4, a side view of a section of another embodiment of a

semiconductor assembly 60 made in accordance with the principles of the present invention is
depicted. A semiconductor chip 62 is attached to a lead 68 of a leadframe (depicted as a section
of neighboring lead 64) by an adhesive element 66 in LOC chip fashion. As described above,
with respect to FIGS. 1 and 2, an offset 72 includes an array pad 74 exposed through molding
compound 76 on surface 78. Solder balls 80 disposed on the array pads 74 create a ball grid
array. It will be appreciated that structures and features equivalent to those discussed above, in
connection with FIGS. 1 to 3, may be included in embodiments similar to that of FIG. 4, and
insofar as there are common features, the prior discussion of such common features applies here
as well. This discussion accordingly will focus on the additional features of FIG. 4.

[0028] Lead shaft 70 runs from a side 61 of the semiconductor assembly 60 towards

inner bond end 82 directed towards the center of the assembly 60. Inner bond end 82 is directly



pads 24 are aligned around longitudinal axis of centerline L of the

assembly 40, which may also serve as a centerline of the leadframe 14

and semiconductor chip 12. Each set of rows is formed by a first lead set

15 having substantially equal length, with the individual rows formed by

subsets of leads 18 with array pads 24 at common positions as described
thermgepparapgirily fartedfaaRndmarSb 1asrisf ep thalameisedined Prisonsanigline L of
semicHMIGEBERIliRe. and a distal outer row 46. It will be appreciated that any

desired number of rows are possible and that embodiments which lack a

unB%%Pd rol?\l@tr@éﬁniétﬁntha_\}e@(bﬁ%mﬂ ﬁé_@vi_&uéﬂ@%ﬂﬁdﬁ@%@@&l@@ 82 to be seen in
great& ﬂé?ﬁﬁ!e Ilﬁnlélsﬂgﬁ'd %HEPS)S’ m%&ﬁ% WEQH‘EJ&%&&_@B%%I@& ﬂrﬁl%elmderside of the

invention. [0026] From the foregoing description, it can be seen that the
inner beirtiplie$HpivbardSekiomeeintiorPtasgioinignsehitsdadmetagsonbppd 84 when

subjedfidt %'9%ﬁéﬁ%‘?ﬁ%ﬂ%ﬂﬁ&%ﬁ%ﬁ%Qﬁ{l&?h? je%’ﬁ'a%c'eeﬁ%é?b'ﬁl 8ftff%tgomact pad

create a osition grid arr rough a mold compound surface o
90 in fmwidiegl thedekalyenubhmairead $8mbly deas @ humibedaofradvantagesased flexibility
adjacé”{‘ll%%'Bgtﬁ%?ﬂvt‘%‘%sw)a&a'zﬁu §on n‘a%rdc&qu £9pduchon., erqg’g‘);st}?e of the shaft
structure and improved sealing of the assembly componen s.‘[
70, adjlageming torffdQ.pad Gidéndiaenod 2 sectioseoh dnotiee satitiodineall @faoss-section

semicondu assembl made in. accoydance with the_ principles of the .
seam GO QO A e CORA IS QNS 2 INAUSa (1 el
undert@ad b 0f beléadicane {depigted amaisgetiaariof fieighbetnghead d kimft 70.

an adhesive element 66 in LOC chip fashion. As described above, with
QT o e SR 5oL TS R a1 A o dipases the

flexibilitpU@ AP0 GO P ARG Féhar sUERGEe difbcBoldghallaiRA1dispaBedxis of the

on the array %3ds 74 create a ball grid_array. It will be appreciated that

shaft Wrprdsristcth fé‘ﬁﬂ)’?eos‘le&@ﬁ% 6t S ifisthrsiider b oortagi pad 90 of shaft 70
thus n¥BNREEAIQR YER ddl Gszv i iards M RATIRBUHE 40 &MmBediraptmsimiar tdming the

that of FIG. 4, and insofar as there are common features, the prior '
thermgeppRisitsivefachtbeiemibn HatibeReapresiterethat e thermecaistsibig bond

betweBF SOHUREMNIY IR AR fhe foditionaldratdres k| GabeRRZB] LERGh now, orin

shaft 70 runs from a side 61 of the semiconductor assembly 60 towards

the fuiiseraibatreldl ebiditeted towakdsceicaundedintie eexdinbly s0capestor-filled
adhesm'}ge@rﬂ% ﬁgeﬁstg H!‘&%%&l@l?ﬁ%‘?%ﬂﬁ%%ﬁﬁ%%&f &%‘é‘éﬁ&ﬁ’ @e%ﬁ P&Qa%flpads 90

located on the longitudinal axis or centerline L of semiconductor chip 62.
and bond pads 84. Likewise, a Z-axis anisotropic conductive film may be disposed therebetween.

[0031] In accordance with the description provided, the present invention includes
methods of forming semiconductor assemblies that include leads-over-chip leadframes with
substantially one-length leads forming a grid array through offset positioning. Similarly, the
present invention includes methods of forming semiconductor assemblies which include
leadframes forming an upset grid array that are thermocompressively bonded to a semiconductor
chip.

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

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

8



[0029] FIG. 5 depicts the lead 68 of FIG. 4, allowing inner bond end 82 to
be seen in greater detail. Inner bond end 82 may feature a contact pad 90
located at the underside of the inner bond end 82 of shaft 70. Contact
pad 90 is configured for bonding to a bond pad 84 when subjected to an
appropriate thermocompressive effect. To enhance the ability of the

may be i bPpedi o T RIHPRIPY B Mahesl iy krgesthndhcaiigReuctor chip.
Since IRClbggaMmAR QL dNGTa8sRshieHbilit. AfiRCSR! @f‘?eﬁé{%o?e%ém@_ﬁ?%%?fcaﬁon
~ pad 90. Undercut 92 is located on the chipside of the shaft 70, adjacent
equipgeepbistERaUEed-90. Undercut 92 comprises a thinner section or smaller
COSHCCHOR SRARTHAdbe AT . PRI RENUPRARIMEA NG can be
undercut 92 in place. Alternatively, unc?ercut 92 may be formed by etching
variedggogsitgdiablyneaideal ffopart e thofehecphaift 200 poegO)cTinistiiinne he claims
' f t 7Q,for t t 92 inc ibility of
o B e o e
axis of the shaft 70 as depicted by arrow 94. Inner bond end 82 and
specifically contact pad 90 of shaft 70 thus may be easily moved
downwards toward the bond pad 84 in order to facilitate forming the
thermocompressive bond therewith. It will be appreciated that the
thermocompressive bond between contact pad 90 and bond pad 84 may
be formed by any suitable means known now, or in the future, to those
skilled in the art. It is also contemplated that a conductive or
conductor-filled adhesive may be used to form an electrical and
mechanical connection between contact pads 90 and bond pads 84.
Likewise, a Z-axis anisotropic conductive film may be disposed
therebetween. [0031] In accordance with the description provided, the
present invention includes methods of forming semiconductor assemblies
that include leads-over-chip leadframes with substantially one-length
leads forming a grid array through offset positioning. Similarly, the
present invention includes methods of forming semiconductor assemblies
which include leadframes forming an upset grid array that are
thermocompressively bonded to a semiconductor chip. [0032] It will be
appreciated that the foregoing leadframes, semiconductor assemblies,
and methods of forming assemblies result in structures with advantages
over the prior art. Such assemblies include a molded package with
inherent sealing and protection, are reinforced by a number of
similar-length leads creating a stronger package, include a grid array that
can feature a



BGA, SLICC or similar structure, may include leads allowing for improved
thermocompression bonding, and allow for the semiconductor chip to be
mounted in a LOC fashion. The grid array 8 may be positioned to form an
assembly that is only slightly larger than the semiconductor chip. Since a
leadframe is used in forming the assembly, no expensive retooling of
fabrication equipment is requweoc{e‘é@ﬁ;lt Is apparent that details of the
apparatus and methods herein described can be varied considerably
without departing from the concept and scope of the invention. The claims
What gyshemeditfe the scope of the invention as conceived and as described
herein. 9 CLAMS What is claimed is: | . An in-process semiconductor
assembly comprising: a semiconductor chip comprising at least a first
bdnd padametproksassenziccofdcudspadloreampasiigs surface thereof;
fir lit |
s B R e ad oman
Ieast\@ firstdeathemdfatiddast a second lead originating proximate a first
id eml cto ina f| ne and having . substantia
atteas T SRR TR LR R S SRR e . e
a a‘trmabmﬂrpe;ﬂlaaﬂt}coﬁlmﬂsmqmrﬁeag @ Terstt arfayt dffsledn dhe mkeasbeond lead
flrst arra%noﬁset comprising a ,seg ment of.the d’a\t leas a first Ite g
inAer And SUter &Rt st ereo1 fat ex enlalscl‘0 EHS fird panertso O?H‘?
atsmmilﬂstsaﬁﬂmmé@hm a second plane, the at least a first lead
endl from a first array offset to return o the first pJane,
TBte VBB AR 1S UFE R PGy Birs BB pad and
Ieast a fléﬁhﬁffﬁﬂl@ﬁﬁ&?a@ﬂdﬂﬁ@a&fd?@ﬁﬂsétftﬂﬁi serdextandadrgrofier dosiprising a
plane to the second plane and returns to the first plane over the active

surface %ﬁfﬂ%‘%é}%fé&?&déﬁé} aﬁﬁst lead between 1nner and outer ends thereof that

extends from the first plane to form the at least a first array offset in a second

ﬁgllél] having

plane, the at least a first lead extending from the at least a first array offset to
return to the first plane, such that the at least a first lead is absent from the first
plane at the at least a first array offset and the at least a first lead extends from the
first plane to the second plane and returns to the first plane over the active surface
of the semiconductor chip;

the at least a second lead electrically connected to the at least a second bond pad and
comprising at least a second array offset, the at least a second array offset
comprising a segment of the at least a second lead between inner and outer ends
thereof that extends from the first plane to form the at least a second array offset
in a second plane, the at least a second lead extending from the at least a second

array offset to return to the first plane.
2. The in-process semiconductor assembly of claim 1, wherein the at least a first

plurality of leads is attached to the active surface of the semiconductor chip with an adhesive

element.
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the at least a second lead electrically connected to the at least a second

bond pad and comprising at least a second array offset, the at least a

second array offset comprising a segment of the at least a second lead
between inner and outer ends thereof that extends from the first plane to

form the at least a second array offset in a second plane, the at least a ,
second I8 BxpEpsits it sl aserBbcohel iR dy wheitdheiriest a first

array PRAEERIANGs % LREHIPIREGFS SPmiconductor assembly of claim 1,
wherein the at least a first plurality of leads is attached to the active

surface of the semiconductor chip with an adhesive element. 10 3. The

Injprocegs, sSGMIcONAUCIonASREMBY Clabny brhaieh PeAkifar! & Wl a first

array offset comprises a generally flat array pad. 4. The in-process .
pluralggmideadiubioherseambiyesfac kit 2 fivbierehmetnel daddnsaghfitead sifithditiref subset

havin #eaal‘féaﬁk‘ She %}&%ﬁb‘f?ﬁﬁ%@%@ﬁ{ a@fﬂfs?tc%isﬁéﬁt% g‘é L?fzgé w?%%%t ch%?i %‘;atr']'clgmerline of

irst subset having at least one array of located at a
the sepositidnagtichgspect to a centerline of the semiconductor chip. 5. The

in-process semiconductor assembly of claim 4, wherein the at least a first

plurality of leads further comprises at least a second subset of leads, each

lead of tHhsacpnatessiberildraving @t deastldne inlainoffsethlocatableaitdeast a first

pluralﬁgcoqriga%%rﬁfmgg %%%gl')?{s‘ﬁvsv'%? 1%%%%’%%%2%&51%11%%“5%?'i%%cf%f %@% lead gf the second
semiconductor chip. 6% The n-process semiconductor assembly Of claim
subseflhduiitiaer tempisiag®y séBentbdatadality efdeatiscoompriposgiiahledadt @dpeed to the
fé?ﬁ(‘j] gnﬁi at least a fourth lead originating at a second side of the
centerling ol JAG SER R SHEE rst plane and having substantially similar
lengths; the at least a third lead comprising at least one array offset
comprising a segment of the at least a third lead between inner and outer

efids thel 361 IRt IS S IREA A BIMAETS R SHEUSHIBRES g second

pluraltfeoRtd@ast shiptisihd aar £ mipiisi N hIRRAN ORE XA IPIERE LERIMRISING Asecond
segment of the at least a fourth lead between inner and outer ends

side of Bt EPIg g g rst plane and having substantially similar lengths;

the at least a third lead comprising at least one array offset comprising a segment of the at
least a third lead between inner and outer ends thereof that protrudes from the
first plane to the second plane; and

the at least a fourth lead comprising at least one array offset comprising a segment of the
at least a fourth lead between inner and outer ends thereof that extends out of the

first plane to the second plane.

7. The in-process semiconductor assembly of claim 6, wherein the second plurality
of leads further comprises at least one subset of leads having array offsets located at one common

position with respect to a centerline of the semiconductor chip.
8. The in-process semiconductor assembly of claim 7, wherein the second plurality

of leads further comprises at least a second subset of leads having array offsets located at a

second common position with respect to the centerline of the semiconductor chip.
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first plane to the second plane. 7. The in-process semiconductor assembly
of claim 6, wherein the second plurality of leads further comprises at least
one subset of leads having array offsets located at one common position
with respect to a centerline of the semiconductor chip. 8. The in-process
semiconductor assembly of claim 7, wherein the second plurality of leads

futther chRSpiicROeasTosesnis QubISHRr SttssrhIyabaldEMAyIN Eith B fiseside of the
semiclRRIGHRI, RESHRTIEOMBR ARSIIRNOWil RRRBGhIAULE agpterline of the

semiconductor chip. | | 9. The in-process semiconductor assembly of
claim 6, wherein the first side of the semiconductor chip is opposite the

sqgond sifle at s SETUEAPAEIONE BRe Bty Ure I AP OGRRSSEMICR NANCI M rst Tead

assembly of claim 1, wherein the at least a'first lead and the at least a
and theagtnadtiesad aird leadpeetisarigctiead iridadiiyicatineeonadctod etia aekeas e fist bond pad

and tht%%@(liegﬁda &@9&5‘80@1‘@?@?@%‘?&8@%% 3 PR AN O Yo,

ermocompression n In-process semiconductor assembly
comprising: a semiconductor chip comprising a first surface with at least a

firﬂ elec}:{ical contact pad: an&i a leadframe comprising at least a first lead
. AN 1 €SS n nu& Or aASSEC y CO 11S1

. Nn-pr cmi . .
comprising a flrstlead shaft and a bondllIrl1g en e bonding end
a semcompresimgd pondprisipac Ifcatedfatawigndt df dhten fiistt ldacksbdftotitect pad; and
onding Igad attached to the I%ast a first elei:trigi;g

t tact pad .
a leadframe ¢ rising at le hqee d comprsipg g first 8%0&%% g aBXﬁiggg end, the

enmocompression Boh % nding out from a fi
planelingfert abhgastiadissbaithyg gfigeloitmedacndepthné meefian laativhaft, the

surface of the semiconductor chip and then . extending frqm the second )
A O RS T AL e e R SO v (e g ppagession
leigshahadt isrsbraatdiemdhediisionbaneraithcriadt pasica difiarayisetirst array
12. The in-process semiconductor assembly of claim 11, wherein the .

e FA e FUIRRAEBIAPTISXETaAPIGFAING SHTESE L RE R Vi PIGhRgnd then
instucinm 2l Aveatsst dgmiBgo Rk b thOfiadt B RIfs 4 tHe3active surface, such

in-process semiconductor assembly of claim 12, wherein the plurality of
arPay RstEETSIfarhiBak dtigParPhy Rt EhITHSE PYRE - 1hFotidsassarsbRdreifset

assembly of claim 13, wherein the grid array pattern

12. The in-process semiconductor assembly of claim 11, wherein the leadframe
further comprises a plurality of leads, each lead of the plurality including an array offset forming

a plurality of array offsets.

13. The in-process semiconductor assembly of claim 12, wherein the plurality of array

offsets forms a grid array pattern.

14. The in-process semiconductor assembly of claim 13, wherein the grid array pattern
forms a grid array comprising an even number of rows of array pads arranged around a centerline

defining an axis of the semiconductor assembly.
15. The in-process semiconductor assembly of claim 14, wherein the grid array pattern

comprises four rows comprising two interior rows disposed proximal around the centerline and

two exterior rows disposed distally with respect to the interior rows.
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forms a grid array comprising an even number of rows of array pads
arranged around a centerline defining an axis of the semiconductor
assembly. 15. The in-process semiconductor assembly of claim 14,
wherein the grid array pattern comprises four rows comprising two interior
rows dis&osed proximal around the centerline and two exterior rows

di¥posed BrsiiRiarfts PeapeRIdectREAEaRily Ahwksimd 2.vberintbp Rigediy of leads
furthePEBHAERNEY SR S55RbLe QRN 2 HYferaiBthe MU0l daads: HTIDES, cach

comprises two opposite sets of leads, a first set of leads and a second set

dispossrljarua e aisppebharemiradeinerfirndl theeadies padieteach lead located
proxifEPRIRYa AR RS lradlIgeaigsl proximal to the centerline

facing the opposite set of leads. 17. The in-process semiconductor
assembly of claim 16, wherein leads of the first set of leads are all of

sybstantiglly: simi ] in- ' .

i 17 B B S e et
of leadimitanllerigtithsi@ntibhle maplecksgdemiconductor assembly of claim 11,

wherein the at least a first array offset comprises a generally flat array

pad. 20. The in-process semiconductor assembly of claim 11, wherein the
badAding Bindinfyribhes comypciseietonmssantuy tarctech it/ {ivehteao sladft digtalsecond

set of tlce)atgsea?g Ql‘i“gigsggsqér:ll’t?ally similar length.

19. The in-process semiconductor assembly of claim 11, wherein the at least a first

array offset comprises a generally flat array pad.

20. The in-process semiconductor assembly of claim 11, wherein the bonding end

further comprises an undercut formed in the lead shaft distal to the bonding pad.
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