13 January 2006 TITLE OF THE INVENTION SEMICONDUCTOR PACKAGES WITH LEADFRAME
GRID ARRAYS AND COMPONENTS BACKGROUND OF THE INVENTION [0001] The present
invention relates to grid array semiconductor packages and methods of assembling and evaluating
the same. In particular, the present invention relates to leadframes for mounting a semiconductor chip
for encapsulating to form a complete semiconductor package. The leadframe incIJ&e@ﬁ“ﬁﬁXraﬂRﬁof

leads having a similar length, with offse, dtlsl-{ rmi |d.array on the surface of the
package. [0002] Semiconductor chips oﬁ;%ltiiéaggg yplﬁcéﬁlﬁnc oégtlj in semiconductor assemblies, or

packages, prior to use. These packages protect chips from the conditions of the surrounding
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paddle or directly to the leads in a leads-overChIMPOBENTHtachment. 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. Typi , Iﬁ@g %xﬁﬂg the package in a flat array,
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a flip-chip typéasfay on the surface of the package.

[0002] Semiconductor chips or dice are typically enclosed in semiconductor assemblies,
or packages, prior to use. These packages protect chips from the conditions of the surrounding
environment and provide leads or other connection points, allowing a chip to be electrically
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.

[0003] 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
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.



attachment while keeping the benefits of a conventional molded package. 1 13 January 2006 [0004]
Many attempts to combine a grid array onto a molded package have included a leadframe as a
component of the complete assembly. The leadframe supplies a number of advantages to the finished
assembly. Leads not only furnish electrical connections, but also provide a pathway to conduct heat
from a package while in operation. Examples of some such packages are disclos i E YRt No.
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leadframe and one encapsulating the leadframe. In the latter step, the mold includes bumps which
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[0005] With these soldermask-covered leadframe packages, the complete structure of
the flat leadframe is protected only by the soldermask on one side. The soldermask adds an
additional laminate layer to the assembly, providing additional points for potential contaminant
and moisture entry. Applying the soldermask and forming the holes therein add additional steps
to package fabrication, increasing manufacturing costs and the opportunity for error.

[0006] 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.

[0007] 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
requires removal or can interfere with the electrical connection. Removal of this thin film is

difficult as it is recessed within the dimples.



[0007] 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 requires removal or can
interfere with the electrical connection. Removal of this thin film is difficult as it is récd@88a WA the
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BRIEF SUMMARY OF THE INVENTION

[0009] The present invention includes apparatus and 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 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.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] In the drawings, which depict the best mode presently known for carrying out

the invention:



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 invéntiGRUBRASRO
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as a double-sided adhesive

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

[0017] Reference will now be made to FIGS. 1 and 2. FIG. 1 depicts a perspective
cutaway view of 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 KAPTON™ tape, but it will be appreciated that any suitable adhesive
may be used, including a liquid or gel adhesive.

[0018] 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.
For example, FIG. 1A shows an assembly 10A including leads with circular array pads 24A,
which can be useful for forming solder balls therein. Desirably, the array pads 24 of the various

leads 18 lie within a second common plane, although small variations such as two or more
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polyimide tape such as a KAPTONTM tape, but it will be appreciated that any suitable adhesive may
be used, including a liquid or gel adhesive. [0018] 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 sldd 3PypRe00
assembly 10 tpward the Iopa%litudinal B‘Xiﬁ ach lead 18 comprises a lea 20 th
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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.

[0020] 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.

[0021] 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

forming the assembly 10, the connected semiconductor chip 12 and leadframe 14 are placed in



conduct heat from assembly 10 during operation. The leads 18 are all of substantially 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. [0020] Leads 18 are electrlcally connected to the semiconductor chip 12. In thid d@ﬁf&@ﬂ
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higher-level packaging such as a circuit board. In the depicted embodiment, the conductive
attachment material is shown as solder balls 30 disposed on the array pads 24. It will be
appreciated that any suitable electrically conductive material known now, or in the future, to
those skilled in the art may be used for discrete conductive elements to enable the assembly to
be attached. Suitable conductive materials include tin/lead solder, electrically conductive epoxy,
conductively-filled epoxy or any 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. It is 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.

[0023] 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



necessary to clean the film from the array pads 24 to allow an electrical connection to be made to
those pads 24. This cleaning may require as little as a mechanical scrub of the array pads 24 or it
may require that a chemical etch be performed to expose the surface of the array pads 24. [0022]
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-1éverpURaeiAg
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fabricateﬁja@ a uniform row structure in favor of an individualized pattern are also possible. All such
embodiments are within the scope of the present invention.

[0025] From the foregoing description, it can be seen that the principles of the present
invention result in a semiconductor assembly including a leadframe having substantially the same
length leads that create a multiposition grid array through a mold compound surface of a molded
package. Such an assembly has a number of advantages, including relatively small size, enhanced
heat conduction, a robust structure and improved sealing of the assembly components.

[0026] 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.

[0027] 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



accordance with the principles of the present invention. Surface 48 features solder balls 42 disposed
on the exposed array pads 24 (not visible), forming a ball grid array. One embodiment of a desirable
grid array is depicted. By positioning offsets 22, an even number of rows of array 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 semlconductor chip 12. Each set of rows is formed by a flrstliééanéléfﬁ%QQQV|ng
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Offead thejempediments whighdagkadniion & NIRYEI0A o

individualized p are aso po dlrﬁen e wr he scope ofthe present
inventiong{@025§ &ndlm ihaeiobegdlngdd&%cnwl(ﬁmtu;rcandoataetepamaﬂtmqmthhs oﬁdlla&qdmeémlne

invention. result in nas %rggzop &Ofgasa%n'{b ly Ine %%msg ?adfr%nggr%ao\rll@% Obstg\grtll&l F\é &i‘g% e
length leads that create a mu Iposition grl roug compoun surface of a molgeg
packages@ucumtaﬁembmmaeatmnnbenmpadmnta@e@ idcl wdimgp ce | etevatiyl synafl thiz epeabiapeed

heat congy RIRPHE RIRE R ARG aTRUS sealng e sty opanens, (4026l Tyming

to FIG. 4, a side V|e a section of another embodiment of & semiconductor assembi
accordamcbaﬁmh thd pnt’anﬂésfmmr@m@s@nﬂ|HOedﬂumdmsud%ltsté@baﬂeémittmmhjptmdctmbtﬁe baft

ttached : h I h
Zlea:r(ieﬁt gg%éﬁ%%qﬁ?% (%ls%% a%,%%d(gzcn%}gdtabove Wltgsr:gg}ﬂeé% t(gg Oqg g{a éA[ ?f?aﬁ%% {fﬂs%et{a e
includes sagaaatyobable =hakpOsetihthrbatilV tholaynee wmpdmmwwwr%cm T8@olddiebalisvely,
disposed, o t&ﬁ@éﬁ%a‘fﬁéfy hg s@%ﬁ'ﬁ‘cpb%é%ﬁ' n%f({ MLl B é%g&‘f?%%?&ﬁé%%? - and

cus e inc

features equivalent to those |s ectlon Wlt to 3, may cluded in
embodiments sit¥29ko thdthaf Fi®nay amilqnsoffa?haﬁtﬁéréoan@ddmmbﬁ fedtrras, MBeiprionsdis¢hssion

f h T f itional
features LTI A e B MR AR e e M e A pRcion
towards shakr/Bondlepidted kiireuted twdrdsthersbendrir thd spsefitblye®nianepisbhid @nﬁ@@ [

directly 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.

[0030] 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.

[0031] 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
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7 13 January 2006 thermocompressively bonded to a bond pad 84 located on the longitudinal axis or
centerline L of semiconductor chip 62. [0028] 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 theJaBHYY

contact pad 90 in forming the bpnd, inner.bon engéBZ may desirably,include an area of.incr d
oty RSN BT B ob R o EAIREY g B8 e b o e e S
shaft 70fatijacernthe gadtaotpada§Chdmaetioutd 2octomp risess sethimy elngastioryos] srindyl dargrosdsection
segment,gf the Shaly70: e shatkramay b damed witt undereut 02 InpPlace fllerpativebe
undercut 92 mayqbe(ilorme ?'etc Ing or grlncflng materla(f from’a Segment of the shart 765(%5%] This
thinner seatohy shiat 7O fomegdipyntne ismelgroad 92 increases the flexibility of the shaft 70 at the
inner bond end g2 in directions perpendicular.to the axis of the shaft 7 epicted by.arrow 94,
inner bond ond RS2 sBaSHatG Ron il TSRS AR50 SERE Ut o
toward thembehdquadi84hty oraiboto fepiitate foomitly thendégr amdcarmpr ed sive ibeed itheréthightldmall be
appreciatgd, ihat the %Pgé%o%oofﬁﬁ{g%%‘é%@o%”% Setusen %Bﬁ‘t%céé’s%%@%l andpond pad 84 may be
formed by any suitable means known now, or in the ?uture, 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. [0030] 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. [0031] 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 8 13 Jankify16% 2006
thermocompression bonding, and allow for theﬁggﬂﬂgﬂﬁor chip to be mounted in a LOC fashion.
The grid array may be positioned to form an assembly that is only slightly larger than the
semicondMbtoichipnsihce a leadframe is used in forming the assembly, no expensive retooling of
fabrication equipment is required. [0032] It 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 alcamidefidectbeassopblpicthepnyi@gtion as conceived and as described herein. 9

13 January 2006 THE CLAIMS What is clajmed is: 1. A semiconductqr assembl mprising; a
semicondrondion s o E SIS s Fror b DA A S AT RO B
surface thereof;aatileastréafieshptenélity of leads extending over the active surface of the semiconductor

chip, the _at least a first, plurality.qf leads comprising at least a first lead.and at least a secaopd lead
o 1<EES B PRAR Y TR R GRRL S0 e RANE AR EEEr e i oront. 1L,
similar lengths; thécastledstsa firstlesd Eleadicaliyronneotdda thersit leabtadfiusidoond padmhitad

comprising at legst 3 fitRL sraw; affEeh 1S RSt a e AIrBX RS SRP RIS IR plane and having
substantially similar lengths;
the at least a first lead electrically connected to the at least a first bond pad and
comprising at least a first array offset, the at least a first array offset comprising a
segment of the at least a first lead between inner and outer ends thereof that
extends from the first plane to form the at least a first array offset in a second
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; and
a distinctive molding compound forming a molded package over at least the active surface of the
semiconductor chip and portions of the at least a first plurality of leads extending through
an outer surface of the molded package disposed in the second plane such that at least a
portion of the at least a first array offset and the at least a second array offset are at least

partially exposed through the molded package.
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segment of the at least a first lead between inner and outer ends thereof that extends from the first
plane to form the at least a first array offset in a second 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 J8HBoAd R tor

chip; the at leasf a secapd lead Slectically compected a ihe af l?ear‘éfnatﬁe%‘g'ié’a‘é’toa“i‘iPs%‘dpﬁ{r‘%n of
comprising at least a second array offset, the at least a secand array o fsé comprising a segl%ent of
the at ledstdsseaunchtebic detwaere surércand hatemeiodsd tharediithad bxiendbdsom dleenfinst 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; and a distinctive molding compound
forming a molded packHge severatdecst thesaotie duclace of thikersemicondletor chiptandayarticers of
the at Iee}:sg a frilrssetspzlurealié[y ﬁf Iﬁgtds exteQ&iing through an outer surface of the molded package
disposed inthe second pﬁar?]e sudh ihdt'at least a portion of the at least a first array offset and the at
least a second array offset are at least partially exposed through the molded package. 10 13 January

2006 2. The sergicondyglor assembly,of dlaimdwhietein e ahisast lrst RIUAI QL ISAIRS or
attached to the active surface of the semiconductor cﬁlp with an adhesive element. 3. The -~
semicondesste fadsambiyoisckaanldasivnérsinthectivfdasisa fash drndyobftsetfircbsmpsiges agenelelly flat

array pads, 3. IHSS\/Z%?%L%? “f%')‘;;l 19 3%5;%’:}?%{63 ‘;arérgglhq"é’sgl d;%eri” vtvri]%l a}ésg%%? 3firgt B!a%%'rill%é’foke%ﬁé

further comprise eastafirsts of the first set having at least one array
offset locatmacandufitst coimmon position with respect to a centerline of the semiconductor chip.

5. The 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 the second subset having at
least one array offset located at a second common position with respect to the centerline of the

semiconductor chip.

6. The semiconductor assembly of claim 1, further comprising a second plurality of
leads comprising at least a third lead and at least a fourth lead originating at a second side of the
semiconductor chip in the first 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 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.

11



5. The 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 the second subset having at least one array
offset located at a second common position with respect to the centerline of the semiconductor chip.
6. The semiconductor assembly of claim 1, further comprising a second plurality of leads comprising
at least a third lead and at least a fourth lead originating at a second side of the sehii &)5 ipin

the first plane agd havipg substantially similar | thﬁi' the at least a.third lead c rising at least one
atray offeet comprisng ToSETISHI G0 At TAED 20 ads DOIKISh e o GRS & Ry
that protrimtgefroomiheséysit ptase dosticerskesobatplainEadn chihéngt deast affeetstideaddcamprisigpdt

least one ariay Ofiseheamprising aseoment of e ablzasta lourih, lead petween inner and outer ends
thereof that extends out o ﬁme Irst plane to the second plane. 7. The Semiconductor assembly of
claim 6, wherein the second plurality of leads further comprises at least one subset of leads having
array offsets Iocz\@ted atone common aositiaosn with respeclt E(I)n a &en\;v%réirncie oftflrée %(reS?ic%dug},o c(pip.

r
11 13 January 2006 8. Se %%%fgélrﬁigucot{)r assgglm]lgly of claim 7, wherein the Secon p?ureality oft eads

further comprisedatdeabimaiseppnsitsubsstaméadk batkrgamaynfisais dbigated at a second common
position with respect to the centerline of the semiconductor chip. 9. The semiconductor assembly of
claim 6, wherein the first side of the semiconductor chip is opposite the second side of the
semiconductor dbip. 10 hEhecsemichndoctasasdéynbly dhctailm fyfintheoogmpiging eobaikenefofan

electrically ¢ rﬁ‘éj%;fftiXSn’&‘&t&r@'rﬁ%[@?iaﬁférgﬂsféeatedf%%%%%%%f'ﬁ%ea%qigﬁoéﬁdo%g&%% %éegt east
partlally expose ortions oyeac O*I e at }e sta ?IFSI array o set and the at least a secon array
offset. It. pineadlgrigonddipwtiassefmisighodiclbémt 1easivhémsimtiry elésttieadyhvortdeativesecond array

offset.

11. The semiconductor assembly of claim 10, wherein the electrically conductive
material is selected from the group consisting of solder, conductive epoxy, and conductive-filled

epoxy.

12. The semiconductor assembly of claim 10, wherein the discrete conductive

elements form an array.

13. The semiconductor assembly of claim 1, wherein the outer ends of the at least a

first and at least a second leads extend from the molded package.

14. The semiconductor assembly of claim 1, further comprising a z-axis anisotropic
adhesive disposed over the at least partially exposed portions of the at least a first and the at least

a second array offsets.
15. The semiconductor assembly of claim 1, wherein the at least a first lead and the at

least a second lead are respectively electrically connected to the at least a first bond pad and the

at least a second bond pad by a wirebond or a thermocompression bond.

12



material is selected from the group consisting of solder, conductive epoxy, and conductive-filled

epoxy. 12. The semiconductor assembly of claim 10, wherein the discrete conductive elements form
an array. 13. The semiconductor assembly of claim 1, wherein the outer ends of the at least a first and
at least a second leads extend from the molded package. 14. The semiconductor assembly of claim 1,
further comprising a z-axis anisotropic adhesive disposed over the at least partiall)}%%?&ﬂ %)Q%ons
of the at least a{' st ang F(Igae Ptarlgagg a %es%(l)r]d array offsets. 15. The semiconductor assembly of claim
1, wherein the at least'a ws‘% IS8T SRA'The '8 least a second lead are respectively electrically
connected tiedkteaafisagtlarfilisy bdnttpkd endhengt dedsta sefiosndidrohdpadt byatwirebamd deal

thermocompression bond: 2 12003ty 209946, Adsadiiame comprising: at \easta Arsh Rty of
leads, comprising at least a first lead and at least a second lead  originating ata Tirst side e
leadframe in a fikstghane and having substantially similar lengths; the at least a first lead comprising at

least a first amay, offogt, comprieing. A sectien ofi1e.2f 5ast afitisad thatexiends. igm,fhe fist plane
to form the at least a first array offset in‘a second plane an n extends from the second plane
returning to the first plkaet, sdickt tlead thatateads difirst teating absentofionmtite fitstapkinelab therat

least a first array offsetdfrthe at least a f'rs{ lead cp fé%uretd ] egtenq to the sgcqnd plglce.an return to
. set 1 afsecon(#gane dI % X 8[1 S Irom tne SECOIL %ne eu(rjmng O eh
the first plane over an active surface of a semiconductor die when the semiconductor die is attached

to the leadframe; and theplleastsachedanthieaidcotpfisindead lsastsanddoondlar fayptgifset edbthprising a
section of the at least %%Ss?%of?r%'t'%gyt%?%s%étﬁ%daﬁ om e et R ABRARRIMING BhIFRSHR RE5RAd
array offset in the second plane.
place and return to the first plane over an active surface of a semiconductor die
when the semiconductor die is attached to the leadframe; and
the at least a second lead comprising at least a second array offset comprising a section of
the at least a second lead that extends from the first plane to form the at least a

second array offset in the second plane.

17. The leadframe of claim 16, wherein the at least a first array offset comprises a

generally flat array pad.

18. The leadframe of claim 16, wherein the at least a first plurality of leads further
comprises at least a first subset of leads, each lead of the at least a first subset having at least one
array offset located at a first common position with respect to a centerline of a semiconductor

chip.

19. The leadframe of claim 18, wherein the at least a first plurality of leads further
comprises at least a second subset of leads, each lead of the at least a second subset having at
least one array offset located at a second common position with respect to the centerline of the

semiconductor chip.
20. The leadframe of claim 19, further comprising a second plurality of leads

comprising at least a third lead and at least a fourth lead originating at a second side of the

leadframe in the first plane and having substantially similar lengths;
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17. The leadframe of claim 16, wherein the at least a first array offset comprises a generally flat array
pad. 18. The leadframe of claim 16, wherein the at least a first plurality of leads further comprises at
least a first subset of leads, each lead of the at least a first subset having at least one array offset
located at a first common position with respect to a centerline of a semiconductor chip. 19. The
leadframe of claim 18, wherein the at least a first plurality of leads further comprises g‘i“?@é@f 2088cond

subset of leads, gagh lead,of e, at Jeast asecond subset having At least on array offsstipgated at a
second common posi{lon i respecﬁo e c%r?teﬁlne 5]fetﬁe %emlcon%lgtror cﬁip. .filhe ea%farame

of claim 19, further conwasisingiadSeed bdtpleralinnaf deddsitaomgsidingalt teagtrattoidesléachahel @tsleast
a fourth lead originating,at a s%gond si%e ff the nIgadframe in the first plane and having substantially

similar lengths; 13 13 all%rheatr?/ 508 the &i1e&st's third lead comprising at least one array offset

comprising a setimenteo$thd@trtte kstlactmne leag ddbasamnnenaniiseutemgndsnpersgiteat pfobkudes
from the first plane to the second plane; and the at least a fourth lead comprisi t least one.array
offoet comprisig  seqsan o D LR b L R P R B Y
extends out of the firsfiptapkie théhseseomadpiame. 21. The leadframe of claim 20, wherein the second
plurality of leads further comprises a third subset of leads having array offsets located at a third
common position with respect to the centerline of the semiconductor chip. 22. The leadframe of claim

21, wherein the Zecondidu ﬂaﬁtgfraﬁiead.&. ﬁ]aih?r260m¢1¢s@s atlieu sth:@u,r_bslelulmllesada“ h@anh?g Burtdngr .
offses loggiFsl el oA sgmmar BERAIAIN, 1snrLde e eniErlfel e AESARRGIRANTP

23. The Ieala1 rame of claim erein the array offsets of the at least a first p
respect to the centerline of the semiconductor chip.

22. The leadframe of claim 21, wherein the second plurality of leads further
comprises a fourth subset of leads having array offsets located at a fourth common position with

respect to the centerline of the semiconductor chip.

23. The leadframe of claim 20, wherein the array offsets of the at least a first plurality

of leads and the second plurality of leads form an array.

24.  The leadframe of claim 23, wherein the array comprises an even number of rows

of array offsets arranged with respect to a centerline of the leadframe.

25. The leadframe of claim 24, wherein the array comprises four rows comprising two
interior rows disposed with respect to the centerline and two exterior rows disposed distally with

respect to the interior rows.

26. The leadframe of claim 16, wherein the first side of the leadframe is opposite the

second side of the leadframe.
217. The leadframe of claim 16, where the at least a first lead is configured for

electrical connection to an electrical contact pad of a semiconductor chip by a wirebond

connection or a thermocompression bond.
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of leads and the second plurality of leads form an array. 24. The leadframe of claim 23, wherein the
array comprises an even number of rows of array offsets arranged with respect to a centerline of the
leadframe. 25. The leadframe of claim 24, wherein the array comprises four rows comprising two
interior rows disposed with respect to the centerline and two exterior rows disposed distally with
respect to the interior rows. 26. The leadframe of claim 16, wherein the first side of thdaruain 201%is

opposite the segond side of.the leadframe. %{ The leadframe of claim 16, where the at least a first
. . . se{mcoln UCtOr asse %COIP I'%S.lngl. . .
lead is configured for electrical connection to an electrical contact pad of a semiconductor chip by a

wirebonda soniveationtor éhtpermmpesimpreSssosuioiad with 13 13asiuafiysP 016t A8alA serricpatjuctor
assembly comprising; a semiconductor chip comprising. a first surface with.at least a first electrical
contact g o O A G b, e S St A e R PSSR
end, the bondirpehidgempeisimgiaibgndigdag jeadatech@tian encof thetheddashstfhfthehddodihgg pad
attached to the gt gt airst glecirical coniaptpadibn a hermocemprassion.bang. e, fist lgag shaft
extending out frBm & firs plane to Torm at leas & first array o $etin’a” secon pIPaPne over an active
surface of the sémicleaduttdt elipraimathen fecwe ndingt fpdane the fseontdlgising fostedtnay tofthes finsa

plane over the activedSU{face' and a mtoldin omg?%ld forming,a molded Qa&%ﬁgﬁ enca sulsf\tin the
. SﬁCOIl H € qQver ?1’1 dacC IVEQS dacec € semiconauctor ¢ Ily ]II 2€§( ené)mr%. 1{0)
semiconductor chip and the leadirame. 29. The semiconductor assembly of claim 28, whergin the

molded packagéheorworidgdamcsunfeicendisposEdipline secofit plane sudhcthatndt least a portion of the

at least a first,array offset xposed, allowing the semiconductor chip to be electri al%.acce d. 30.
The semL D B O S AR W S ST T T
leads, each leadeefittranglurality including an array offset forming a

29. The semiconductor assembly of claim 28, wherein the molded package comprises a
surface disposed in the second plane such that at least a portion of the at least a first array offset

is exposed, allowing the semiconductor chip to be electrically accessed.

30. The semiconductor assembly of claim 28, wherein the leadframe further
comprises a plurality of leads, each lead of the plurality including an array offset forming a

plurality of array offsets.

31. The semiconductor assembly of claim 30, wherein the plurality of array offsets

forms a grid array pattern.

32. The semiconductor assembly of claim 31, 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.

33.  The semiconductor assembly of claim 32, 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.

34.  The semiconductor assembly of claim 30, wherein the plurality of leads further

comprises two opposite sets of leads, a first set of leads and a second set of leads, each disposed
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plurality of array offsets. 31. The semiconductor assembly of claim 30, wherein the plurality of array
offsets forms a grid array pattern. 32. The semiconductor assembly of claim 31, 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. 33. The semiconductor assembly of claim
32, wherein the grid array pattern comprises four rows comprising two interior row$-H&pBaaEEximal

around the centerline and twao exterior rows, disposed. distally with respect to the jnterior rows. 34, The
Comicond B et L S R P T B LR R Rkt
sets of leadshackrstdetedhieag shangposecoetibdtadtleads, each disposed 15 13 January 2006
around a centerline of the semiconductor assembly, a bonding end of each lead located proximal to
the centerline facing the opposite set of leads. 35. The semiconductor assembly of claim 34, wherein
leads of the firsB3Set of Téeds nai@aduof suirstanblyyisiailar Jdngthei®th Tdad sefricoifivsictor asssmbly of
claim 34, \r/\éhei{%ipsllﬁ)asgs 8fa|?hes%elzﬁonl%ns%of leads are all of substantially similar length. 37. The
semiconducfor assembly of Claim % Wherein the at least a first array offset comprises a generally flat
array pad. 38. The semiconductor assembly of claim 29, further comprising an electrically conductive

attachment compound lspased.on e atleasha perion.oliGiatIsasLa st ey, sl tiatlsy
exposed. 39. The semiconductor assembly of claim 38, whetein the electrically conductive “attachment
compoundedngrisdstsaicdy ithilkndéesgrhiconductor assembly of claim 28, wherein the bonding end

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

37. The semiconductor assembly of claim 28, wherein the at least a first array offset

comprises a generally flat array pad.

38. The semiconductor assembly of claim 29, further comprising an electrically
conductive attachment compound disposed on the at least a portion of the at least a first array

offset that is exposed.

39. The semiconductor assembly of claim 38, wherein the electrically conductive

attachment compound comprises solder.

40. The semiconductor assembly of claim 28, wherein the bonding end further

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

41. A leadframe comprising:

at least a first lead comprising a lead shaft and a bonding end, the bonding end comprising a
bonding pad located at an end of the lead shaft, the bonding pad configured for
attachment to an electrical contact pad of a semiconductor chip by a thermocompression
bond, the lead shaft extending out from a first plane to form at least a first array offset in
a second plane and then extending from the second plane to return to the first plane such
that the lead shaft is configured to extend to the second plane and return to the first plane
over an active surface of a semiconductor die when the semiconductor die is attached to

the leadframe.

16



41. A leadframe comprising: at least a first lead comprising a lead shaft and a bonding end, the
bonding end comprising a bonding pad located at an end of the lead shaft, the bonding pad
configured for attachment to an electrical contact pad of a semiconductor chip by a
thermocompression bond, the lead shaft extending out from a first plane to form at least a first array
offset in a second plane and then extending from the second plane to return to thelﬁrg‘irﬂmezggéh

that the lead shaf} is cqonfig reéi[to extend to the, second plane and return to t(l}e first plane over an
aciive surface o1& o EomTCRI She e e o AL RS Ao o8 e AR Rese 6 12
January 2006 a2 .fameckd adfhareadstelfidisdd, tovhierbimdieztpadding end further comprises an undercut
formed in the lead shaft distal to the bonding pad. 43. The leadframe of claim 41, wherein the at least
a first array offset comprises a generally flat array pad. 44. The leadframe of claim 41, wherein the
leadframe furthdBcomfitiselsal pluralivf olaleads$, edencioadohtheasturdlityt includinsan crgyieéfset
forming a gll&g\ﬂtzvf?&‘tarrg offsets. 45. The leadframe of claim 44, wherein the plurality of array offsets
forms a g%'lcl} array pa?t%r F46: The leadframe of claim 45, 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 leadframe, ;7. Thg lear E’r%meegf‘ Gam A6 whersining grid, argy pattern, com s”a%efuﬁgfé[ i
comprising two interior rows disposed proximal around the centerline and two exterior rows %posed
distally withdespeltitadioé timterioritys cadlimhereadly arffeco f alamimgddp wviditginfthe gyl wféditts of leads
further comprises two opposite sets of leads, a first set of leads and a second set of leads, each

disposed around the centerline of the leadframe, a bonding end of each lead of the plurality located
proximaltoa 45.  The leadframe of claim 44, wherein the plurality of array offsets forms a grid

array pattern.

46. The leadframe of claim 45, 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 leadframe.

47. The leadframe of claim 46, 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.

48. The leadframe of claim 44, wherein the plurality of leads further comprises two
opposite sets of leads, a first set of leads and a second set of leads, each disposed around the
centerline of the leadframe, a bonding end of each lead of the plurality located proximal to a

centerline facing the opposite set of leads.

49. The leadframe of claim 48, wherein leads of the first set of leads are all of

substantially similar length.

50. The leadframe of claim 48, wherein leads of the second set of leads are all of

substantially similar length.
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centerline facing the opposite set of leads. 49. The leadframe of claim 48, wherein leads of the first set
of leads are all of substantially similar length. 50. The leadframe of claim 48, wherein leads of the
second set of leads are all of substantially similar length. 17 13 January 2006 51. A semiconductor
assembly comprising: a semiconductor chip; a leadframe including a plurality of leads of similar length
in electrical communication with the semiconductor chip, each lead of the plurality IRdfHAE 0% ray
offset along a sg?ilft th%reof the Qrray offset% formed as each lead extends from a first plane to form
ey Semicon PC L aSSe1m l}/]((jomPTIilSlnﬁ. .

an array offset residing in"a coextensive second common plane then extending from the array offset
to return sc¢hedinstipianehguch that each lead is absent from the first plane from a point of extension
to 2 point gf rghurn 8t I8a5h,3 frshiead of e plurplity of jaads confiaured fo exiendia dhe seqond
plane and réturn to the firs éla e over an active surface of the semiconductor chip; and a mol
compound at lessipantidiiytenchips atindethie dethécphuotelitprichipdang deadiramedsachltiey ahddtray
offsets are expagetl 52 INe, SeMIRANIHSIRL Rss TR Gh SR RLHWAS HRIE.ALRY QISR 8y
arranged to form a grid array.

offset residing in a coextensive second common plane then extending from the array

offset to return to the first plane, such that each lead is absent from the first plane from a
point of extension to a point of return, at least a first lead of the plurality of leads
configured to extend to the second plane and return to the first plane over an active
surface of the semiconductor chip; and

a mold compound at least partially encapsulating the semiconductor chip and leadframe such that

the array offsets are exposed.

52. The semiconductor assembly of claim 51, wherein the array offsets are arranged

to form a grid array.
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