BALANCED SEMICONDUCTOR DEVICE PACKAGES INCLUDING LEAD FRAME WITH FLOATING
LEADS AND ASSOCIATED METHODS 5TECHNICAL FIELD The present invention relates
generally to leads for use in packaging semiconductor devices and, more specifically, to leads that are
configured to extend at least partially across a semiconductor device. Leads that incorporate teachings
of the present invention may facilitate substantial balanging of one or more physical 10characteristics
of a semiconductor device assembly or package that includes the leads, while minimizing the

thickness of the assespAIA NERPKSESIITONSENOR DIV AHNAGR SN YdsIRsaciated with
the lead frames, ingANPRANMIOWINIEFIOAEINGY A BSSIONDAISSO esAaRDI 8SEIFIOI ductor

device assemblies, and semiconductor device packages, as well as to methods for assembling and
15packaging semiconductor devices. BACKGROUND A variety of approaches have been taken in
the semiconductor device industry to meet demands for ever-increasing density and ever-increasing
speed. 20 One such approach has been to in&ﬁﬂcﬁ%ﬁhlﬁﬁ%@emiconductor devices into a single

package. These so-calletherpriti-ahipvéiRmbnesiatey shieMsy thavaibearusonfigasrgbmpumber of
different ways, depending, in part, upon the types of semiconductor devices in¢cluded therein, as well

as the connection PRESATLIPEHE demiRBthdNets SBesiiied v  selsatls mﬁﬁﬁf&ﬁﬁﬁﬁ‘é‘iﬁ%?iﬁéfﬁ%

semiconductor deyieas ihatiang idesticakbémivosionanidthatl Navriddeatieabgsirarciiashpaitesns. When
the bond pads of each semiconductor device of an MCM are all located at or near a single edge

thereof, so-called "SRRI ISP LrEp RS EErGartEhS MYy BE ShiBbIEE IR SRASH

arrangement thechendtpadsobeacbrinvmiisemicrrdisciedaiicergrarxgosndibenaad Bean adjacent
peripheral edge af the nexi-higher semiconductor device. Identical bond pads of the semiconductor
devices may be éFé’gﬁié’gl'?\tec‘gHHBEféﬂgtng% T BHARTMY RePAGMBer SPEREHFI connections

needed in the resuliigi paekage]la& to methods associated with the lead frames, including, but not
limited to, methods for designing lead assemblies, semiconductor device assemblies,
and semiconductor device packages, as well as to methods for assembling and

15  packaging semiconductor devices.

BACKGROUND
A variety of approaches have been taken in the semiconductor device
industry to meet demands for ever-increasing density and ever-increasing speed.

20 One such approach has been to incorporate multiple semiconductor devices into a
single package. These so-called “multi-chip modules,” or “MCMs,” have been
configured a number of different ways, depending, in part, upon the types of
semiconductor devices included therein, as well as the connection patterns of the
semiconductor devices.

25 Some multi-chip modules include semiconductor devices that are identical in
function and that have identical connection patterns. When the bond pads of each
semiconductor device of an MCM are all located at or near a single edge thereof,
so-called “shingle-stack™ or “stepped” configurations may be employed. In such an
arrangement, the bond pads of each lower semiconductor device are exposed beyond

30 an adjacent peripheral edge of the next-higher semiconductor device. Identical bond
pads of the semiconductor devices may be electrically connected to one another to

minimize the number of electrical connections needed in the resulting package, as



-2- well as to minimize the number of input/output elements, such as leads, that are needed. As all of
the bond pads are at one side of a conventional shingle stack assembly, an interposer, redistribution
layer, or similar, thickness-consuming 5element must be incorporated into the assembly to balance the
number of leads that protrude from opposite sides of the assembly. The presence of such an element
undesirable increases the volume and, thus, prevents maximization of the density of conventional
shingle stack packages. Moreover, by arranging semiconductor devices in a "shingle stack," the heat

10 generated durpgoRemtan Af A emsamiandicipudeuipasdrRaehe, Gatk s taied dhfagysed within a
particular area of the package, magnifying problems (e.g., warpage, delamination, broken electrical

connections, cracké eélncapsulant, etc.) that may occur due to thermal (or coefficient of thermal

expansion, or "CTE") misaict Beiweanghe vasigusnelaments ebihemprelkageinbig sthdltustrates this
phenomenon. In 15 Fig. 1, an MCM 10 that includes two shingle stacked semiconductor devices 30A

and 30B is depicted®8 i@8HHE?EP&SﬂeWQ&r%&%@%%@éﬁéW%&m%f%%mch region 16 of

a lead framesl5. dprdiarprsepoiHadissrediondayenseenBilo bldsclogriadaver dhesnp@ht
semiconductor device 30B so as to provide access to bond pads 33B of semiconductor device 30B.

Semiconductor dBIREESERM SRRgS SoEIR B ha 25550 R d RO RIFSSOR iS4 RBAIRIREEY to one

another by way o iecind8al olctherenieatdreuyyitiethae xepptiapabaxemalipatipns of leads
19, are contained within a molded encapsulant 28. A stress concentration region 40 of MCM 10, which

corresponds subSEINGAMPIEIHRINTES Rt iePALHEBUIK of the integrated circuitry of semiconductor
devices 30A and 30B islocaiedr asywethas Zbterthevlahationdeviese ihe Wieatgstarouimohagat is

generated dl%ringg%ggrrz?tgg r(111?rfing operation of the semiconductor devices may be concentrated or

focused within a particular area of the package, magnifying problems (e.g., warpage,
delamination, broken electrical connections, cracked encapsulant, etc.) that may
occur due to thermal (or coefficient of thermal expansion, or “CTE”) mismatch
between the various elements of the package. Fig. 1 illustrates this phenomenon. In

15  Fig. 1, an MCM 10 that includes two shingle stacked semiconductor devices 30A
and 30B is depicted. Semiconductor devices 30A and 30B are disposed over a die
attach region 16 of a lead frame 15. An interposer or redistribution layer, or
“RDL” 14, is located over the upper semiconductor device 30B so as to provide
access to bond pads 33B of semiconductor device 30B. Semiconductor devices 30A

20  and 30B, RDL 14, and leads 19 are electrically connected to one another by way of
bond wires 18. All of these features, with the exception of external portions of
leads 19, are contained within a molded encapsulant 28. A stress concentration
region 40 of MCM 10, which corresponds substantially to the area where the bulk of
the integrated circuitry of semiconductor devices 30A and 30B is located, as well as

25  to the location where the greatest amount of heat is generated during operation of
semiconductor devices 30A and 30B, is also illustrated.

Regardless of configuration, MCMs typically have stress concentration
regions, or regions where thermal mismatch stresses are greatest. In recognition of
these regions, packages have been designed to spread out, or balance, the regions

30  within MCMs where heat is generated, thereby effectively diluting the heat that
exists within the MCM. For example, MCMs have been designed in which “mirror

image” semiconductor devices with bond pads at single edges thereof, which are



semiconductor devices 30A and 30B, is also illustrated. Regardless of configuration, MCMs
typically have stress concentration regions, or regions where thermal mismatch stresses are greatest.
In recognition of these regions, packages have been designed to spread out, or balance, the regions
30within MCMs where heat is generated, thereby effectively diluting the heat that exists within the
MCM. For example, MCMs have been designed in which "mirror image" semiconductor devices with
bond pads at single edges thereof, which are -3- identical in function, but are arranged in connection

patterns that mirrleaHie ARPLRE I SHERPSICNEMHh S8R RORHECHI6IE pRfetnlcad (Tamer StchhatRackage is
depicted in Fig. 2A. Backsides 31A" and 31B' of mirror image semiconductor devices 30A' and 30B"

are positioned orfBpREHENSH- PICRRPOBI SHtFLRE S HbEARY e 2Bt linee ssidenif€B18hown in Fig.
2A. Bond pads 33ty and 38Bkeide micongducioB deviaasoddadbcaficanglocried akthwaame side of

MCM 10'. Bond wires 18 establish electrical connections between bond pads 33A' and 33B' and

corresponding le489 328 245¢ 885HOBEH ATh AR s U Ee 26/ I RO Tl prtdRadertls a9,

conventionalseadg @81 WhighoRietRERg from BengigdedeBMICMn0 IR fteetidvhishtie bond pads 33A'
and 33B' are located. Other bondﬁpads 33A', 33B' are electrically connected to floating leads 25, which

extend to the andpY8iraddardiine applasiti ditfettst MeRAits oM soRfM b 41584 $n the number

of leads that proteye®ikprelteaiopRasite &idas BitMGbbad phe EpniteeBBofdirror image
semiconductor devices 30A' and 30B' in 15such an assembly somewhat undesirably requires that an

additional wafer ISR BERHAG AL s or PR RRR s whHidsasIseRCal5ArEE R osts and
consumes valuahtedgacisatiosnieigionithRuby 1€ casshigiiogibe tismh ehaddiionMEenuipmeaRt @ by
increasing c{%wn E)lvrﬂ&?ﬁlg’l l?osri(dsp%tgs%rﬁéf’e a%lcail %%?3’ are located. Other bond pads 33A’, 33B' are
electrically connected to floating leads 25, which extend to the and protrude from
the opposite side of MCM 10, providing some balance in the number of leads that
protrude from the opposite sides of MCM 10"
The requirement of mirror image semiconductor devices 30A’ and 30B’ in

15  such an assembly somewhat undesirably requires that an additional wafer mask set
be generated for fabrication purposes, which increase fabrication costs and
consumes valuable fabrication time, either by necessitating the use of additional
equipment or by increasing down time as mask sets are replaced.

Fig. 2B depicts an MCM 10" in which identical semiconductor devices 30A"

20  and 30B" are used, with a backside 31 A" of the upper semiconductor device 30A"
secured to a first surface 26A of floating leads 25 and an active surface 32B" of the
lower semiconductor device 30B” secured to an opposite, second surface 26B of
floating leads 25. As in MCM 10', all bond pads 33A" and 33B" are of MCM 10"
are located on one side of MCM 10".

25 As the arrangements shown in Figs. 2A and 2B require every bond wire 18
to be located at a single side of MCM 10’, 10", there may be significant congestion
of bond wires 18. Such congestion may result in signal leakage, cross-talk, and
electrical shorting. In addition, such congestion may create a practical limit on the
pitch between bond pads 33A’, 33B’ or 33A", 33B", as well as on the number of

30  bond pads 33A’, 33B’ or 33A", 33B" that may be placed along an edge of a
semiconductor device 30A’, 30B" or 30A", 30B”. Congestion is compounded as

additional semiconductor devices are added to the assembly.



Fig. 2B depicts an MCM 10" in which identical semiconductor devices 30A" 20 and 30B" are used, with
a backside 31A" of the upper semiconductor device 30A" secured to a first surface 26A of floating
leads 25 and an active surface 32B" of the lower semiconductor device 30B" secured to an opposite,
second surface 26B of floating leads 25. As in MCM 10', all bond pads 33A" and 33B" are of MCM 10"
are located on one side of MCM 10". 25As the arrangements shown in Figs. 2A and 2B require every
bond wire 18 to be located at a single side of MCM 10, 10", there may be significant congestion of

bond wires 18. Such congigstiommfayaiesidt Hvalgndldealase vairsaatatkiRadieiRalfigad shorting. In
addition, such congestion may create a practical limit on the pitch between bond pads 33A', 33B' or

33A", 33B", as wll YO HedHBG I sgEsT BBtdAsHAEd iavorheongesisd clegifoal LaNMENIBRS placed

along an edge of a semiconductor device 30A', 30B' or 30A", 30B". Congestion is compounded as
additional semiconductor devices are added to the assembly. -4- The inventors are not aware of an
MCM with maximized density and minimREREHERIA S Es Nﬁl\g&%&gned to avoid congested

electrical comections. DHfCLESMRE GEINWMENIIONREbRIRteseminveRtanBNeksRS semiconductor

device assemblies and semiconductor device packages of minimal thickness with input/output

elements, such a¥TESEONEPLIEVAehRASKREIR BARAERY HIRtRABY HB MO WBY siRELSsembly or

package to anothgichideleidhatassemblysempankagelte@ne AsABEL fbSEMICoiad ugtdiedevice assembly
or package that incorporates 10teachings of the present invention includes semiconductor devices that

are positioned adiSeR? RO BEHGKREC QI LS MBS B Y R RFSEESST each semiconductor

device on one side of thm figtirgdeadsaneclathiadraleaitesisidany tiepagsammyan@apkages Bond
pads of each semiconductoy device on the opgosit C(lf'e of the floating leads are located at an opposite,
second sid %f th@%gélé%ﬁl?l{/t ¢ present invention includes semiconductor devices that are

positioned adjacent to opposite surfaces of floating leads. Bond pads of each
semiconductor device on one side of the floating leads are located at a first side of
the assembly or package. Bond pads of each semiconductor device on the opposite
die of the floating leads are located at an opposite, second side of the assembly or

15  package. The active surfaces of the semiconductor devices on opposite sides of the
floating leads face different directions. Thus, the backsides of semiconductor
devices on opposite sides of the floating leads may face and be secured to their
corresponding surfaces of the floating leads, or the active surfaces of semiconductor
devices on opposite sides of the floating leads may face and be secured to their

20  corresponding surfaces of the floating leads.

The floating leads may connect corresponding bond pads to one another, and
may facilitate electrical connection of a bond pad on one side of the assembly or
package with an external feature (e.g., a terminal of a carrier substrate), at an
opposite side of the assembly or package. Without limiting the scope of the present

25 invention, the semiconductor devices of such an assembly or package may be
identical to one another.

According to another aspect, the present invention includes offset lead
assemblies with floating leads and conventional leads. An internal portion of such
an assembly is located in a first plane, while an external portion of such an assembly

30 s located in a second plane, which is offset from the first plane. The floating leads,

or at least portions thereof, are part of the internal portion of such an offset lead



15package. The active surfaces of the semiconductor devices on opposite sides of the floating leads
face different directions. Thus, the backsides of semiconductor devices on opposite sides of the
floating leads may face and be secured to their corresponding surfaces of the floating leads, or the
active surfaces of semiconductor devices on opposite sides of the floating leads may face and be
secured to their 20corresponding surfaces of the floatingy leads. The floating leads may connect
corresponding bond pads to one another, and may facilitate electrical connection of a bond pad on one

side of the assempblyabRACkRIExthadPRHiaT BRLIRAIO fRG- IAJKNAM Pl RAgier substrate), at an
opposite side of the assembly or package. Without limiting the scope of the present 25 invention, the

semiconductor dE9REDEPRYdRAR REBRLIIPRend §erhfay BEAbIsARRS Sloatiiolgnss:

According to another aspgeliitimpeaaenhinredtion Rebides aftsalfend @ssanbligsayithfloadieg leads
and conventional leads. An internal portion of such an assembly is located in a first plane, while an

external portion JIEYCH MY HULMERSBtsd SRt L ae cBRt i A, BeHriPrs birsEciidatcthe first

plane. The flgatinghlgaasinglofitleasi Rediis therrefaaenpayt aélthedpieinaldaastian@isugh an offset
lead -5- assembly. The external g{ortion of such an offset lead assembly includes conventional leads

and may include ETUBLYHSHLIST 4t B SRSERTEsRIAingr kesa s Hidth i hal endng Leslidecond
planes of an offs¢ inadassatahhekitapigsenida\retion Rrsnaced arattdgrepme anpther may be

tailored to facilitate, . . .
width of the encapsulant, at an offset location relative to the width of the
encapsulant, etc.). Thus, an offset lead assembly may be configured to
10 accommodate an odd number of semiconductor devices within a semiconductor
device package, while balancing one or more physical characteristics of the package.
Of course, semiconductor device assemblies and packages that include offset lead
assemblies are also within the scope of the present invention.
Additionally, the present invention includes methods for designing lead
15  assemblies, semiconductor device assemblies, and semiconductor device packages,
as well as assembly and packaging methods.
Other features and advantages of the present invention will become apparent

to those of ordinary skill in the art through consideration of the ensuing description,

the accompanying drawings, and the appended claims.

20
DESCRIPTION OF THE DRAWINGS
In the drawings, which depict examples of various aspects of the present
invention:
Fig. 1 is a cross-sectional representation of a conventional “‘shingle stack™
25  package;

Figs. 2A and 2B are partial cross-sectional representations of semiconductor
device packages with semiconductor devices positioned on opposite sides of leads;

Fig. 3 depicts a simplified example of a lead frame that may be used in
assemblies and assembly methods that incorporate teachings of the present

30 invention;



5positioning of a semiconductor device assembly including such leads substantially centrally relative to
the thickness of a package encapsulant, while allowing the leads to protrude from the encapsulant at a
desired location (e.g., centrally relative to the width of the encapsulant, at an offset location relative to
the width of the encapsulant, etc.). Thus, an offset lead assembly may be configured to 10
accommodate an odd number of semiconductor deviceg-within a semiconductor device package, while
balancing one or more physical characteristics of the package. Of course, semiconductor device

assemblies and packagessthpiincirde Qifsenlgachassemilisoaia sieenpithin daisepp-Rirthe present
invention. Additionally, the present invention includes methads for designing lead 15assembilies,

semiconductor d&§EERAGH R UAR S L HORFIER SR RIS Asaiisin 48<Ridly and

packaging methosigk sideQHT8EGBHARR RIdAdvaiRrIes kth Rigrant iventieAwiikeaeame apparent
to those of ordinary skill in the art through consideration of the ensuing description, the accompanying

drawings, and the appefhded SRR 2D HESE IR Hines BreARINE sonneqiotidbwings,

which depictexamplieseahyasipesvaspesiaristbetpeasantineptinievice packiGekiswiripss-sectional
representation of a conventional "shingle stack” 25 package; Figs. 2A and 2B are patrtial

cross-sectional ré:ﬂgeééntations of semiconductor device packages with semiconductor devices
positioned on opposite Figes efiigadss, in chigs-Sedepicts Rminplifirtoevemplie afiaseathitrme that may

S e I A Shown o Exes. 27and 5 wih tho AAdrHORAT semmcondndior devieda. >ort Somvention;

Fig. 7 is a cross-sectional representation of another example of

10 semiconductor device package according to the present invention, including an
assembly in which active surfaces of semiconductor devices are secured to opposite
sides of floating leads;

Fig. 8 shows an example of the various types electrical connections that may
be made between features of the semiconductor device package of Fig. 7;

15 Fig. 9 illustrates, in cross-section, a semiconductor device package similar to
that shown in Figs. 7 and 8, with two additional semiconductor devices;

Figs. 10 and 11 are cross-sectional representations of example of
semiconductor device packages that include lead frames with internal and external
regions that are offset relative to one another to substantially balance a

20  semiconductor device assembly including an odd number of semiconductor devices
within the thickness of an encapsulant, while also substantially balancing the
number of leads at opposite sides of the package; and

Fig. 12 is a schematic representation of an electronic device or system, such
as a computer, that includes a lead frame, semiconductor device assembly,

25  semiconductor device package, or other apparatus of the present invention.

MODE(S) FOR CARRYING OUT THE INVENTION
In this regard, Fig. 3 shows a lead assembly 20 that may be used in
accordance with teachings of the present invention. Lead frame 20 includes
30  peripherally located conventional leads 29, as well as more centrally located floating
leads 25. Prior to being assembled with a semiconductor device (not shown), as

well as just following such assembly, features, such as, but not necessarily, the



Fig. 4 is a cross-sectional representation of an example of semiconductor device package according to
the present invention, including an assembly in which back sides of semiconductor devices are
secured to opposite sides of floating leads; Fig. 5 shows an example of the various types of electrical
connections that 5 may be made between features of the semiconductor device package shown in Fig.
4; Fig. 6 illustrates, in cross-section, a semiconductar device package similar to that shown in
Figs. 4 and 5, with two additional semiconductor devices; Fig. 7 is a cross-sectional representation of

another example Ri}HsgMicOnUGIF fRvice PRckAlM Aqeding IR RIRSEHINYSREBReincluding an
assembly in which active surfaces of semiconductor devices are secured to opposite sides of floating

leads; Fig. 8 UMW an example of the various types electrical connections that may be made

between features of the weiRigga@detabdeyice prekeiafdnit7 dhiehAilusti@iesein cross-section,
a semiconductor device package similar to that shown in Figs. 7 and 8, with two additional

semiconductor d&gfcege 100 ghgeinearpnenies ASHRgS LEMG ISP PL RESUHRA S MO8 e xample of

semiconducter deiggc-packageddirbipstudeclead Hiames wisbnintsnaakandexteraaligpiong ¢hat are
offset relative to one another to substantially balance a 20 semiconductor device assembly including

an odd number of XL ANEGRRRRAGPHERHS Wt #rRE RABLCoBH U Ui fsFEmbhNIL Mso
substantially balancing theniusagesof eadsakappOISitel sideswebthe package; eilconddetgr 12 is a

schematic representation of an electronic device or system, such agega computer, that includes a lead

frame, semicondd&3Fde\ile a5ddmsly; SRRIchIRan G agrdistle tskered® brorifeiddaratus of the
present inventiow.‘m%@bm&%m’wen@ulﬂmﬁ)!NVENTION In this regard, Fig. 3 shows

a lead assequbly 20 thatmay g ysedl I aecordace wil teaghings of the present inventipn. Lead

leads 129. Floating leads 125 may be substantially linear or bent. Floating
leads 125 may be oriented in mutually parallel relation. Floating leads 125 are
sandwiched between at least two semiconductor devices 130A and 130B, which may
be identical to one another or different from one another. Each semiconductor

15  device 130A, 130B includes bond pads 133A, 133B that are located adjacent to at
least one peripheral edge 134A, 134B thereof.

Back sides 131A and 131B of semiconductor devices 130A and 130B are

secured to opposite surfaces 126A and 126B, respectively, of floating leads 125.
Any suitable adhesive material 140, including, without limitation, a quantity of

20  adhesive material, an adhesive-coated film, or the like, may be used to secure
semiconductor devices 130A and 130B to surfaces 126A and 126B, respectively, of
floating leads 125.

As shown, bond pads 133A of a semiconductor device 130A, which are

located adjacent to a first peripheral edge 134 A of semiconductor device 130A, are

25  electrically connected to a first surface 126A of floating leads 125 (e.g., by way of
intermediate conductive elements 138). First peripheral edge 134A may be located
at or near a first side 111 of semiconductor device assembly 110. Bond pads 133B
of a semiconductor device 130B, which are located adjacent to a first peripheral
edge 134B of semiconductor device 130B, may be electrically connected to a second

30  surface 126B of floating leads 125 (e.g., by way of intermediate conductive
elements 138). First peripheral edge 134B may be located at or near a second

side 112 of semiconductor device assembly 110, which is opposite from first



30peripherally located conventional leads 29, as well as more centrally located floating leads 25. Prior
to being assembled with a semiconductor device (not shown), as well as just following such assembly,
features, such as, but not necessarily, the -7- depicted rails 22, may secure conventional leads 29 and
floating leads 25 to one another. With reference to Fig. 4, an embodiment of a semiconductor
device package 100 that incorporates teachings of the_gresent invention is shown. 5 Semiconductor
device package 100 includes a semiconductor device assembly 110 and an encapsulant 108 around

portions of semicgaeugtpbHlgyiteonasemphelite aSemondactar dayicm assermilyiddl myAudes two or
more semiconductor devices 130A, 130B, etc. (which may be generically referred to hereinafter as

I
"semiconductor oeé\ﬂééé)gﬁe)i‘éﬂﬂif@é&émnfgféa@@@?@]iH@I‘Efb@aﬂ]éaﬁz@I%é%fh&‘ﬁ?ﬁ]ay also

include conventiafay leasishizftfiRatingdeads ded maly fRisvhgiantially linear or bent. Floating leads
125 may be oriented in mutually parallel relation. Floating leads 125 are sandwiched between at least

two semiconductor deviCBPEA N 2368 W ATA Hay D8 latita B URea SRS Pastirent from
one another sEach-spR¥cARAWEIa3L2daviCE3 4B0As falR diclvteshendipads 334 s 138R that are

located adjacent to at . o . .
and 130B. Thus, floating leads 125 may facilitate rerouting of some electrical

signals from one side 111, 112 of semiconductor device assembly 110 to an opposite
side 112, 111 of semiconductor device assembly 110.
With additional reference to Fig. 5, at least one floating lead 125 may extend
10 from a location laterally adjacent to a bond pad 133A of semiconductor device 130A
to a location laterally adjacent to an identical bond pad 133B of semiconductor
device 130B. This arrangement facilitates electrical connection of the identical bond
pads 133A and 133B to a single floating lead 125 (e.g., with intermediate conductive
elements 138, such as the illustrated bond wires, etc.). When semiconductor
15  devices 130A and 130B are identical to one another and their identical bond
pads 133A and 133B are aligned, floating leads 125 that are oriented substantially
parallel to one another may be electrically connected to corresponding pairs of
identical bond pads 133A and 133B.
As illustrated, electrical connections may be made at a number of different
20  levels within semiconductor device assembly 110. For example, bond
pads 133A, 133B may be electrically connected to floating leads 125. One or both
ends 1271, 128L of floating leads 125 may protrude from encapsulant 108 of
semiconductor device package 100, or electrical connections may be made (e.g., by
way of intermediate conductive elements 138) between one or more encapsulated
25 ends 127E, 128E of shorter floating leads 125 and corresponding conventional
leads 129 that protrude from encapsulant 108. In addition, other bond
pads 133A, 133B may be electrically connected to conventional leads 129.
One or more additional semiconductor devices 130C, 130D, etc. may be
stacked upon and secured to semiconductor device 130A and/or semiconductor
30  device 130B, as shown in Fig. 6. In addition to the types of electrical connections
noted above, intermediate conductive elements 138 may extend directly between

bond pads 133 of directly adjacent stacked semiconductor devices (e.g.,



least one peripheral edge 134A, 134B thereof. Back sides 131A and 131B of semiconductor
devices 130A and 130B are secured to opposite surfaces 126A and 126B, respectively, of floating
leads 125. Any suitable adhesive material 140, including, without limitation, a quantity of 20adhesive
material, an adhesive-coated film, or the like, may be used to secure semiconductor devices 130A and
130B to surfaces 126A and 126B, respectively, of floating leads 125. As shown, bond pads 133A
of a semiconductor device 130A, which are located adjacent to a first peripheral edge 134A of

semiconductor devisRdritdic@<relertialliLosmecien v adikgbsusiaces 1268 ehdlaating leads 125
(e.g., by way of intermediate conductive elements 138). First peripheral edge 134A may be located at

or near a first sidé'911 of semiconductor device assembly 110. Bond pads 133B of a semiconductor

device 130B, which are Jogated adirainica sffighrerinphem! ®dae p3dBief seomigenadctor device

130B, may be electrically connected to a second 30surface 126B of floating leads 125 (e.g., by way of

intermediate condER¥RERSREARY IS8y SRl LHYHBFE U dgehp e hidshd 18¢ted at or near a

second side 412 o seevirRidebicievide viceabEeMbhiktd s virbiah ésnanppasie fraeitisst -8- side 111 of
semiconductor device assembly 110. If semiconductor devices 130A and 130B are identical to one

another, identicaPBisRPpadtiradhabagiy s sEidrsebimaantd St absrmirenarionlayige dith each

other. Opposite egids139B argpiedvelylgatingnleadssddhdarasrudetiamimyand fizsB5peripheral edges
134A and 134B, respectively, of semicaonductqr devices 130A and 130B. Thus, floating leads 125 may

- 1o (
facilitate reroutingcSPEBHE LI8EH R RS ﬁ%ffn SHeSRie ARG Prr9 Radsehiie Rl sERFaRdick hssembly
110 to an oppositesice IBLA idl@fsamicofigkigiern sieviteassesalyot 1ombbthiacditional reference to

Fig. 5, at leeilat Onfeyggta%fagigs%%erplgge%(ltggge 134A is positioned adjacent to one side 111’ of
semiconductor device assembly 110’". A first peripheral edge 134B of
semiconductor device 130B is positioned adjacent to an opposite side 112" of
semiconductor device assembly 110’, with at least some bond pads 133B of
semiconductor device 130B being located adjacent to first peripheral edge 134B of

15  semiconductor device 130B.

As depicted, semiconductor device 130A, floating leads 125’, and
semiconductor device 130B may be positioned in a stepped, or staggered,
arrangement. In such an arrangement, at one side 111’ of semiconductor device
assembly 110, an end 127 of the depicted floating lead 125’ is positioned over active

20  surface 132A of semiconductor device 130A so as not to overlap any bond
pads 133A thereof. Thus, bond pads 133A may be exposed beyond ends 127 of
floating leads 125', between floating leads 125, etc. End 127 is also exposed
beyond a peripheral edge 134A of semiconductor device 130A so that electrical
connections may be made thereto, if desired. At the opposite side 112’ of

25  semiconductor device assembly 110’, end 128 of the depicted floating lead 125" is
exposed beyond an opposite peripheral edge 135A of semiconductor device 130A.
End 128 is positioned over active surface 132B of semiconductor device 130B so as
not to overlap any bond pads 133B thereof. Thus, bond pads 133B may be exposed
beyond ends 128 of floating leads 125’, between floating leads 125, etc.

30 Fig. 8 illustrates examples of electrical connections that may be included in
semiconductor device assembly 110". As shown, some bond pads 133A, 133B are

directly connected (e.g., by way of intermediate conductive elements 138) to



10 from a location laterally adjacent to a bond pad 133A of semiconductor device 130A to a location
laterally adjacent to an identical bond pad 133B of semiconductor device 130B. This arrangement
facilitates electrical connection of the identical bond pads 133A and 133B to a single floating lead 125
(e.g., with intermediate conductive elements 138, such as the illustrated bond wires, etc.). When
semiconductor 15devices 130A and 130B are identicaljig. one another and their identical bond pads
133A and 133B are aligned, floating leads 125 that are oriented substantially parallel to one another

may be electricalbpgeEmnarirg W sesHeRRANRNG Pays ofieeptisaphandpads33BAand 133B. As
illustrated, electrical connections mz%[\; be made at a number of different 20 levels within semiconductor

device assembly A9GTER ERAABRE DN PYaY AN EEBadiats coRUEIYR AP EURS8A to floating

leads 125. One ofibatherrags 124k, -hd8hQffloaling dears b3s mameretrvds tomengapsulant 108 of
semiconductor device ac,kaﬁg 100, or electrical connections may be made (e.g., by way of
6“(?&?\/122 At deads

intermediate con 2le dtwe SR B HEWHRIS i aﬁ%ﬁl%c?%gﬁﬁsbiwg 4D8E of

shorter floating leagdsrkderard 096esposdingreangasttienatisarstdP8cnat pretradel iom encapsulant
108. In addition, other bond pads 133A, 133B_may be electrically connected to conventional leads 129.

One or more addtibAAPEYRRCIINTHOBIAYiLES T3YCN18b PefdeAasAHY <paBreEdiSon and secured to

semiconductor devigespStAnnNaeVSRIHaP NAdetor BAER vitevh3 08¢ as phaw i fitnkden Bdikteaddition to
the types of electrical connections noted above, intermediate conductive elements 138 may extend
directly between bYHIPAEs1S8B Aty adjacent stacked semiconductor devices (e.g., -9-

As shown in Fig. 9, an assembly of the type shown in Figs. 7 and 8 may

10  include more than two semiconductor devices 130A, 130B, 130C, 130D, etc.
Intermediate conductive elements 138 may electrically connect bond pads 133A
and 133C, 133B and 133D of directly adjacent semiconductor devices 130A
and 130C, 130B and 130D, respectively, to one another or to leads 125, 129, or
connect leads 125, 129 to each other.

15 As bond pads of identical semiconductor devices may be connected by way
of floating leads 125, but positioned at opposite sides of a semiconductor device
assembly, congestion in electrical connections may be reduced. By orienting
semiconductor devices 130A and 130B in such a way that there is no need for a
redistribution element, such as an interposer or redistribution layer, the package is

20  thinner (see, e.g., Fig. 7) than it would otherwise be if a redistribution element was
present (see, e.g., Fig. 1) and the overall density of the package is greater than it
would otherwise be.

Turning now to Fig. 10, another embodiment of semiconductor device
package 100" that incorporates teachings of the present invention is shown.

25  Semiconductor device package 100" includes a semiconductor device
assembly 110" with a lead assembly 120" that includes leads 125", 129" that are in
at least two different planes. More specifically, lead assembly 120" includes a
central, internal portion 113 in a first plane 123 and an external portion 114 in a
second plane 124. The first and second planes 123 and 124 are offset relative to one

30 another. As shown, centrally located portions of floating leads 125" are located

within first plane 123, while at least the external portions of conventional leads 129



semiconductor devices 133A and 133C, semiconductor devices 133B and 133D, etc.). Another
embodiment of semiconductor device package 100' and the semiconductor device assembly 110'
thereof is shown in Figs. 7 and 8. 5Semiconductor device assembly 110' differs from semiconductor
device assembly 110 in that active surfaces 132A and 132B of semiconductor devices 130A and
130B, respectively, face and are secured to surfaces 126A and 126B, respectively, of floating leads
125'. At least some bond pads 133A of semiconductor device 130A are located at a first peripheral

edge 134A of senyigondiasian 10davise.h30A4 Fisstiberiphatal edue 344 is1pasiiorggsadiscent to one

side 111' of semiconductor device assembly 110'. A first peripheral edge 134B of semiconductor

device 130B is pdRHiGHEEdateshe R dSte Sl icondusiandsiiciRick a1 assembly 110/,

with at least some bondipaglsal 33Rieh sepicendustarHavice 3B heinglacaiad-adiarrntda first
peripheral edge 134B of 15semjconductor device 130B, As depicted, semiconductor device 130A,

floating leads 125 BitqedriebfenictolWevidls datcrdahatsbriannidd A stsopdd dicstddgered,

arrangements In skebpateariphg erogtnatabe&idead bl @fispaieopsiictor e vigekassenbly 110', an
end 127 of the depicted floating lead. 125' is positioned over actjve 20 surface 132A of semiconductor

device 130A so a<RGEkBBYEA] HAY S5EHECHIHS I A TSNS howb a3 sanHally be

exposed beyond gnfis 1R waidieringjeadsnlidbndaeiviess flegfingldeadsol2whicduna iy is also
exposed beyond a peripheral edge 134A of semiconductor device 130A so that electrical connections
may be made the‘i‘é‘f&f?’iﬂﬁ’é‘g}r@&gﬂ %13@’6?)fj’&%ﬁétgf&@llflg‘)gf‘l‘?ggs‘éﬁqﬁ:% uét%? AR URE embly 110,

end 128 of the dapigiethloatieg tleridibab qisoexpesathbryBcanioppasiie pentehesl etdge 135A of
semiconductor device 130A. End 128 is p(j)%iti.oned ove%\ge surface 132B of semiconductor device
130B s0 as ot tdBARED Arir B SR £ eRar&8Ee s bond pads 1338 may be exposed

beyond ends 128 of floatpgligatscli2bn hatwegairflioatliny ifadshZongictoselige 830ustates examples
g:‘) ﬁ}l:cggcr:%l cogn%(é[i%%(? ftf}f:gt r@&lgpﬁég%ﬁﬁg Hfgetgrlian @?or d?vic_:e g&sg@bl 110 As‘shown,
pads ¢1%4B Afe t (@&l T WRBE TntePrib didi®nductive elements
138) to -10- leads 125". Bond pads 133 of semiconductor device 130, which are located adjacent
to a peripheral edge 134 thereof, are electrically connected (e.g., by intermediate
15  conductive elements 138) to adjacent portions (e.g., ends 128") of corresponding
floating leads 125", which may or may not extend beyond peripheral edge 134, or to
conventional leads 129".
Alternatively, as shown in Fig. 11, a back side 131 of a semiconductor
device 130 may be secured (e.g., by way of adhesive material 140) to surface 126 of
20  floating leads 125". Bond pads 133 of semiconductor device 130, which are located
adjacent to a peripheral edge 134 thereof, are electrically connected (e.g., by
intermediate conductive elements 138) to ends 128" of corresponding floating
leads 125", which extend beyond peripheral edge 134, or to conventional leads 129".
Although semiconductor device package 100" is illustrated as including only
25  one semiconductor device 130, the offset between planes 123 and 124 facilitates the
inclusion of any odd number (e.g., 1, 3, 5, etc.) of semiconductor devices 130
within a semiconductor device package, while balancing a thickness of a
semiconductor device assembly (e.g., semiconductor device assembly 110") relative
to the thickness of encapsulant (e.g., encapsulant 108") of the semiconductor device
30  package (e.g., semiconductor device package 100").
In Fig. 12, an electronic device or system 200, such as a computer, storage

device, cellular telephone, personal digital assistant (“PDA”), or the like, is



corresponding conventional leads 129. Other bond pads 133A', 133B' are electrically connected (e.g.,
by way of intermediate conductive elements 138) to floating leads 125', and may be connected to one
another by way of floating leads 125'. Floating leads 125' may include ends 127, 128 that protrude
beyond an 5outer surface 109 of encapsulant 108 of semiconductor device package 100'.
Alternatively, floating leads 125" may, in turn, be electrigally connected to corresponding conventional
leads 129 (not shown) (e.g., by way of intermediate conductive elements 138). As shown in Fig. 9, an

assembly of the typRshawin {ndejisied. a9¢k & MayoLinalude RRASE A 14O S8BMEIdUCtor devices
130A, 130B, 130C, 130D, etc. Intermediate conductive elements 138 may electrically connect bond

pads 133A and 1%@?‘1‘?&.‘]@%66153@[956P‘Hi'?@&ﬂfééfé’&’é?ﬁfl%ﬁf?&%HG&B?%@&%@&%‘N%HH 130C,

130B and 130D, tespesivelyivinene anaherordndendskendfi8d o pPRInedsjeetsches, 129 to each
other. 15As bond gads of identical semiconductor devices may be connected hy way of floating leads

125, but positionE8%SppbYte Wbk B ls Ceriit 6AURERSS At WesBRY adfifeaaty inclidetrical
connections may digefedeiaetsByuoriantingosemiaeRUUEIAE deyices 130 RNDhLIeRinsuth@ way that

there is no need for a redjstribution element, such as an interposer or redistribution layer, the package

is 20thinner (see AT Y 75ivah PHBORY drisrvie by amdistrew SR G Y Bresent (see,
e.g., Fig. 1) and tha@verall gensity ploikamackrgeds gsoates.thamduveuld pthrivisel @eive, Turning
now to Fig. 10, anather embodiment of semiconductor device package 100" that incorporates

teachings of the PRESEREHReRoH I M50R M SAHREbANIEES T dEVIcE pABKIER: A5 5Eiudes a

semiconductor deypickassenhivl b0 iwithiedaagyassentoly 120" that includes leads 125", 129" that
are in at least two different planes. More specifically, lead assembly 120" includes a central, internal

portion 11348 a first plane 123 and an external portion 114 in a second plane 124. The first and
second planes 123 and ARfAcughaffsebrelatived@@iiftion contains many specifics, these should not

be construed as limiting the scope of the present invention, but merely as providing
illustrations of some of the presently preferred embodiments. Similarly, other
embodiments of the invention may be devised which do not depart from the spirit or
15  scope of the present invention. Features from different embodiments may be
employed in combination. The scope of the invention is, therefore, indicated and
limited only by the appended claims and their legal equivalents, rather than by the
foregoing description. All additions, deletions and modifications to the invention as
disclosed herein which fall within the meaning and scope of the claims are to be

20  embraced thereby.



30another. As shown, centrally located portions of floating leads 125" are located within first
plane 123, while at least the external portions of conventional leads 129 are located in
second plane 124, as are any ends 127", 128" of floating leads 125" that protrude from
encapsulant 108" of semiconductor device packagg 100", Internal portion 113 has an area
that is large enough area to accommodate a semiconductor device 130. The distance that first
plane 123 and second plane 124 5are spaced apart from one another may be tailored to
position the Wirktisstadiedntral portion 113 of semiconductor device assembly 110"
substantially centrally within the thickness Tp of semiconductor device package 100", while
permitting conventional leads 129 and any externally protruding ends 127", 128" of floating
leads 125" to exterld fromfestoeiatodugior ¢s¥apgtaeniblly aewrmismster 105 of the 10thickness

of semicondyqiacdsieR RAGKALE Hfding opFollsiiateth@R Aaiva SRR 34RE 8nd

semiconductor device 130 may be secured (e.g., by way of adhesive material 140) to surface

126 of floating lead¥n254 B RGeSl Pozionsd e s AR devignastainityarad gpater

adjacent to a periphgiabadaeid af thereafpaigolseirsadnconasaindifoic: Lyiteymediate
15conductive elements 138) to adjacent portions (e.g.,.ends 128") of corresponding floating

leads 125", FHTRR AR SERRASAHEIE Srier BrinropaRsitRfieatioRS 134, or to conventional

leads 129", Alternatifialyoithebolviitvdgehicoadiatlr dedcks teohidamirondusiofceyingel 30
may be secured (e.g., by vtvlﬁé/ of adgfsitve aﬁerial 140) to surface 126 of 20floating leads
125", Bond pads 133 of s&fidt 86 A8 HEAE 1 30, which are located

a second of the at least two semiconductor devices secured to the second surface
of the at least one floating lead,

each of the at least two semiconductor devices including opposite first and second
peripheral edges, with at least one bond pad being located adjacent to the
first peripheral edge of each of the at least two semiconductor devices, the
first edges of the first and second semiconductor devices being located at
opposite sides of the semiconductor device assembly,

the first and second ends of the at least one lead being exposed beyond at least

second peripheral edges of the first and second semiconductor devices.

2. The semiconductor device assembly of claim 1, wherein the first and

second semiconductor devices are identical to one another.

3. The semiconductor device assembly of claim 1, wherein active surfaces of
the first and second semiconductor devices face the first and second surfaces of the at

least one floating lead.

4, The semiconductor device assembly of claim 1, wherein back sides of the
first and second semiconductor devices face the first and second surfaces of the at least

one floating lead.



adjacent to a peripheral edge 134 thereof, are electrically connected (e.g., by intermediate
conductive elements 138) to ends 128" of corresponding floating leads 125", which extend
beyond peripheral edge 134, or to conventional leads 129". Although semiconductor device
package 100" is illustrated as including only 250ne gemiconductor device 130, the offset
between planes 123 and 124 facilitates the inclusion of any odd number (e.g., 1, 3, 5, etc.) of
semiconductor devices 130 within a semiconductor device package, while balancing a
thickness of a semfconduthsrsdéavicadustendbigciagsssbiyiod it by Hiethiercaspeisibly 110")

relaive 1o g HiRHAESRA' SAIEARIYILE 4 ABRARSURLADRAREIG SISt e

30package (e.g., semiconductor device package 10 12, an electronic device or

system 200, such &% heBrpipismicendrgins d@w@eﬂlﬁeﬂh@la? h@mﬁba@@m@ #igital assistant
("PDA"), or the ke idferntédischemalisaleAaricied endBig MO0 BEIAES @RS QMU RIB8RI

assemblies, semiconductor device assemblies, or semiconductor device packages according

to the present mvePﬁFbﬁfWﬁﬁﬂ”?%S@BHé%ﬂ@WMﬂ%%Wti@ﬁf?’éfﬂpﬁ@ﬁéé%ﬂﬁﬁracter 100.
When system 200 comprises a computer, it may additionally include 5other elements, such as
a processing element 165 (e.qg., a central processing unit or other logic device), memory

devices (not showR) and é%ﬁﬁ%‘f? S ssemling ssaoitCiRa fs drRs GOMBRS O Ut devices
150 (e.g., aseaithey, xﬁyh@aftiadamdﬂy@sdfﬁ[e&ﬂﬂhaﬂe dettcy ang DResQrfarerss atiigust dgyices

170 (e.9. a momtofliogtrlll?écl’eag pb lilepa % t'i?e r?tesérlggo%%%épofc’ Xg\tr?ég E?e?x?g ilocated at or near

an internally located first end of the at least one floating lead;

securing a first surface of a second semiconductor device to a second surface of the at
least one floating lead, active surfaces of the first and second semiconductor
devices facing opposite directions, bond pads of the second semiconductor device
being located at or near an end of the second semiconductor device opposite the
first end of the at least one floating lead, a second end of the at least one floating
lead being externally exposed; and

electrically connecting at least one bond pad of the first semiconductor device and at least

one bond pad of the second semiconductor device to the at least one floating lead.

7. The method of claim 6, wherein securing the first surfaces of the first and
second semiconductor devices comprises securing first surfaces of identical

semiconductor devices to the first and second surfaces of the at least one floating lead.

8. The method of claim 6, wherein:

securing the first surface of the first semiconductor device comprises securing an active
surface of the first semiconductor device to the first surface of the at least one
floating lead; and

securing the first surface of the second semiconductor device comprises securing an
active surface of the second semiconductor device to the second surface of the at

least one floating lead.



Although the foregoing description contains many specifics, these should not be construed as
limiting the scope of the present invention, but merely as providing illustrations of some of the
presently preferred embodiments. Similarly, other embodiments of the invention may be
devised which do not depart from the spirit or 15s¢qpe of the present invention. Features from
different embodiments may be employed in combination. The scope of the invention is,
therefore, indicated and limited only by the appended claims and their legal equivalents,
rather than by the regoiijedestrigtigilaith#dditiersy:deletions and modifications to the

invention as_dj ' i [thin.ih ' of t | to be
20 embrace T e AT Al B
comprising: at leastighe fisaseimaduatdudiviroppbsifersirsugng ettt bastaesiloating first

end exposed at anjgxfespal portion of the semiconductor device assembly and another
end located in an internal portion of the semiconductor device assembly; and at least two

semiconducterHaNg ¢’ fistting Bep oL s dRetbiris M GPE S At ICRRRIRS SEFHEBE R foaek
devices secured tosfiedireiedace sehierhiaastions:lloatn gelend asrcondief theak lgast

two semiconductor devices secured to the second surface of the at least one floating lead,
each of the at leasfiffr&ffidonductor devices including opposite first and second peripheral
edges, with at least one bond pad being located adjacent to the first peripheral edge of each

of the at least two jﬁmic%}gucto%dgvgqs, the first edg(?s of thﬁ first and second ,
semiconductor devites bemy TSRS ST B st LB slse tiealy saEBrdtRaSPIRTRSS:
assembly, disposing an intermediate conductive element directly between the first end of the at least
one floating lead and at least one bond pad of the first semiconductor device; and
disposing another intermediate conductive element directly between the second end of
the at least one floating lead and at least one bond pad of the second

semiconductor device.

11. A semiconductor device assembly, comprising:
a first semiconductor device;
a lead including:
a first surface secured to and extending across a back side of the first
semiconductor device;
a second surface opposite from the first surface; and
opposite ends extending laterally beyond opposite peripheral edges of the first
semiconductor device; and
a second semiconductor device identical to the first semiconductor device and including
a back side secured to the second surface of the lead, the opposite ends of the at
least one lead extending laterally beyond opposite peripheral edges of the second
semiconductor device;
a first intermediate conductive element electrically connecting a bond pad of the first

semiconductor device to an adjacent portion of the lead; and



the first and second ends of the at least one lead being exposed beyond at least second
peripheral edges of the first and second semiconductor devices. 2. The semiconductor
device assembly of claim 1, wherein the first and second semiconductor devices are identical
to one another. 3. The semiconductor device aggembly of claim 1, wherein active surfaces
of the first and second semiconductor devices face the first and second surfaces of the at
least one floating lead. 4. The semiconductor device assembly of claim 1, wherein back
sides of the disstamtiisEcordisemicdndiretel aesit ek ftoesthys tingeant sdoomtpad dddes of the

atleast one floating leag o¢ hd snducdr SRR RIRONH ndﬁl"@8 h%%%%@e%%gf%%iﬁi‘r&’ further

r
comprising: an intermediate conductive element extending directly betw e at least one
bond pad of the firsexdenishstiuciorice i enadizteataominn ditbsflsadng lead; and another
intermediate conductive element extending directly between the at least one bond pad of the
second semiconductor device and the at least one floating lead. 6. A method for

assembling semicdRductdhgeomicondupips ishiyesseembly affilsimuasdercinfhsbond pad of
semiconduciy fRyiceRadiisiWdars Rfatieasigaeiodingrieads-iprad Rags afte first

semiconductor device being)located at or near an Internally located first end of the at least

one floating 3&sH g A tle P andiradref thesresoad ssmiceaniicr dgtich igdosetedrdissabiryan

surface of thg gideaskons fRainerieadsactivie: sustagas.of the first and second semiconductor
devices facing opposite directions, bond pads of the second semiconductor device being

located at or near an end of the second semiconductor device opposite the first end of the at
least one floating léad, a Theaanieantotihal aticosisamnblfleditidne szl beéingiext@esadhd of the

exposed; and electrically connectin least one. hon d of the first semiconductor devjce
and at loaot LS AT YA S o B e P S Ty B
lead. 7. dhia et estaidd daréllyemid Secedogltheritstrsl pigead dictheséirdtland second
semiconductor devices comprises securing first surfaces of identical semiconductor devices to

the first and second surfaces of the at least one floating lead.
14.  The semiconductor device assembly of claim 11, wherein the lead is

substantially aligned with identical bond pads of the first and second semiconductor

devices.

15.  The semiconductor device assembly of claim 11, comprising:

a plurality of leads extending substantially parallel to one another;

identical first bond pads of the first and second semiconductor devices electrically
connected to opposite ends of a first of the plurality of leads; and

identical second bond pads of the first and second semiconductor devices electrically

connected to opposite ends of a second of the plurality of leads.

16. The semiconductor device assembly of claim 11, further comprising:

a third semiconductor device positioned over the first semiconductor device.

17.  The semiconductor device assembly of claim 16, wherein the third

semiconductor device is identical to the first and second semiconductor devices.



8. The method of claim 6, wherein: securing the first surface of the first semiconductor device
comprises securing an active surface of the first semiconductor device to the first surface of
the at least one floating lead; and securing the first surface of the second semiconductor
device comprises securing an active surface of the gecond semiconductor device to the
second surface of the at least one floating lead. - 15 - 9. The method of claim 6, wherein:
securing the first surface of the first semiconductor device comprises securing a back side of
the first semicondutor deliicstmitrmfivstauttaies ofttratdy Wadeion &6 datiher esaprisingsecuring

the first surfaqe, ofle SEGRMML L ICRNYIRLASY IGR CHINRKSGT SSHNURGRBAGK side of the

second semiconductor device to the second surface of the at least one floating lead. 10. The
method of claim 6, wherein electrically connecting comprises: disposing an intermediate

conductive element glirectly, betieendtie drabeRe ALLIRHA! dras AN Ionting. sackaniat least

one bond pad of the first semiconductor device; and disposing another intermediate
conductive Sfpenddrspresitidenteakicthedaridust sreond reaicopliaoadsyifead and at
least one bond pad of the second semiconductor device. 11. A semiconductor device
assembly, comprising: a first semjconductor device; a lead including: a first surface secured to

and extending acrdss a bACRERRE dptass ek lingsiebHalibtof iflsigal semiconductor devices,

comprising;:

securing a back side of a first semiconductor device to a first surface of at least one lead,
at least one bond pad adjacent to an edge of the first semiconductor device
positioned substantially over the at least one lead;

electrically connecting the at least one bond pad of the first semiconductor device to the
at least one lead;

securing a back side of a second semiconductor device to a second surface of the at least
one lead, at least one bond pad of the second semiconductor device, which is
identical to the at least one bond pad of the first semiconductor device, being
positioned substantially over the at least one lead, the at least one bond pad of the
second semiconductor device being located adjacent to an opposite side of the
assembly from the at least one bond pad of the first semiconductor device; and

electrically connecting the at least one bond pad of the second semiconductor device to

the at least one lead.

21.  The method of claim 20, wherein securing the back side of the first
semiconductor device and securing the back side of the second semiconductor device
comprise securing the first and semiconductor devices such that opposite ends of the at
least one lead extend laterally beyond opposite peripheral edges of both the first

semiconductor device and the second semiconductor device.

22.  The method of claim 20, wherein securing the back side of the first
semiconductor device comprises securing the back side of the first semiconductor device

to first surfaces of a plurality of substantially parallel leads.



a second surface opposite from the first surface; and opposite ends extending laterally
beyond opposite peripheral edges of the first semiconductor device; and a second
semiconductor device identical to the first semiconductor device and including a back side
secured to the second surface of the lead, the oppggite ends of the at least one lead
extending laterally beyond opposite peripheral edges of the second semiconductor device; a
first intermediate conductive element electrically connecting a bond pad of the first
semiconductor devi3e to divadietbentopoksion 23, thbesadatdaast sdBe lzadscdnibcipterahiedidte

concuctive SIMIERLAISPESHY roRnae e cRaRf ARG Al Inasaant A YRIAIN P A e,

which is identica ond pad of the evice, to an adjacent portion of
the lead.  anzeqriul semieenigtepderdassse assembly of claim 11, wherein the bond pad of
the first semiconductor device is located adjacent to a first peripheral edge of the assembly

and the bond pad of the second semiconductor device is located adjacent to an O%Site,

second peripheral 8ftge of B§angdredpbiglaim 23 vhereinglentinadiyqonnssting the bl onF
claim 12, whenginaifistRnsaithadeasLerdendsdateraly e mngthariimerniesaliaaaryof

the assembly and a second end of the lead extends laterally beyond the second ﬁ%ripheral

edge of the 858EHppd padsiip cpRespeRdimsaaii St splwr BRpsseiatty Raralisldeads - the

lead is substantially aligned with identical bond pads of the first and second semiconductor
devices. 15. The semicondugctar devyice assembly of claim 11, comprjsing: a plurality of
nds extending subetanti BATLFLS BB S StNEr A A BT b PN BHne
second senboadgiidtof tiewaes ¢ keaiiealdn condedisoctonpppesidieendd]gfcarfitattofethe plurality
of leads; andhigaelriﬂic0 Se%%%ﬁ% bo(pdagagos 1(1); E%% (;isrst I%iﬂd sltgc&)snd semiconductor devices
electrically donnected t5 opposite Bh O]E a Second of the pzfurality of leads. 16. The
semiconductor device assembly of claim 11, further comprising: a third semiconductor device

positioned over th%é.rSt S?HQ%?QH&&@C%M{%, wherein securing the back side of the second

semiconductor device comprises securing a back side of a semiconductor device that is

identical to the first semiconductor device to a second surface of the at least one lead.

27.  The method of claim 20, further comprising:

securing a third semiconductor device to the first semiconductor device.

28.  The method of claim 27, wherein securing the third semiconductor device
comprises securing a semiconductor device identical to the first semiconductor device to

the first semiconductor device.

29.  The method of claim 27, further comprising:

securing a fourth semiconductor device to the second semiconductor device.

30.  The method of claim 29, wherein securing the fourth semiconductor
device comprises securing a semiconductor device identical to the second semiconductor

device to the second semiconductor device.



17. The semiconductor device assembly of claim 16, wherein the third semiconductor device
is identical to the first and second semiconductor devices. - 17 - 18. The semiconductor
device assembly of claim 16, further comprising: a fourth semiconductor device positioned
over the second semiconductor device. 19. The gemiconductor device assembly of claim
18, wherein the fourth semiconductor device is identical to the first and second semiconductor
devices. 20. A method for assembling a plurality of identical semiconductor devices,
comprising: securiid.a batkeidecoflacfirstisant eosmidipredmpoeing:a first surface of at least

one lead, at ' t f ' | vi
positioned sé%%%é%%é%%%%%%ﬁ%%ﬁﬂ%@g 8 5@(3%&%{%&%%%&5 in t%éggt ggtggcrl]e
bond pad of the firbosdpids heratedradiagrny to thecfinstipasplberel ledas; securing a back side of a
second semjeandugiarfiguiceia Aisaaang surface of the at least one lead, at least one bond

pad of the second semiconductor device, which is identical to the at least one bond pad of the
first semiconductor &t surBesriguerdiionad Sxisating amps/at wuvaseiacaahe dusthe at
least one bond pad of the;sgedsesriganelictor device being located adjacent to an opposite
side of the assembly from the at least one bond pad of the first semiconductor device; and

electrically connectAgFand sprEsscanesks S pdhcime €dissnd semiconductor device to the at
least one lead.  ZrsT ORI MU 08 £ ItfErRA) pURAIRIHF SRE IR dheubrek site: atdhiadiist

semiconductor device and securing the back side of the second semiconductor device
comprise securing the firé&nd semiconductor devices such that opposite ends of the at least
one lead extend laferaibndeyd pgpoppe sitenhs fiverahe dgeadind bitertib, hsiondmicaoddctor

device and the second semlc%‘re}%jlf%t(?re%ef\{ Ceefrst S22. Thgurget od. of clai

20, wherei
) . Berl e miconductor device and loca Fld i anklrﬁednal
securing the back side of rst semiconductor device comprises securing the back side of

the first semiconductor deextmucfithe senfaoadwiter ghviakityssfisblystanrttially parallel leads. - 18

- 23. Th .clai j . i iall
o BB e ey s gl
semiconductor devieastive safacpiseciiediodhst seand sarfopsartiheaitleast any donitrezlnng dnd at

least one bond pad g ApHSARIRUMIO) dSWAR R BTHY [RER SIS THUGRIY #RINSCURER the
plurality of first bond pads t0 corresponding leads of the plurality of substantially parallel leads.
at least one lead extending laterally beyond an opposite second peripheral edge of

the second semiconductor device;

a first intermediate conductive element electrically connecting a bond pad of the first
semiconductor device, which is adjacent to a first peripheral edge of the first
semiconductor device, to an adjacent portion of a first end of the at least one
floating lead; and

a second intermediate conductive element electrically connecting a bond pad of the
second semiconductor device to an adjacent portion of a second end of the at least

one floating lead.

32.  The semiconductor device assembly of claim 31, wherein the bond pad of
the first semiconductor device is located adjacent to a first peripheral edge of the
assembly and the bond pad of the second semiconductor device is located adjacent to an

opposite, second peripheral edge of the assembly.



25. The method of claim 24, wherein electrically connecting the at least one bond pad of the
second semiconductor device comprises electrically connecting a plurality of second bond
pads to the corresponding leads. 26. The method of claim 20, wherein securing the back
side of the second semiconductor device compriseggsecuring a back side of a semiconductor
device that is identical to the first semiconductor device to a second surface of the at least one
lead. 27. The method of claim 20, further comprising: securing a third semiconductor
device to the first smicodtasenidenitstor de@:eRssermidthobichfiei ity Riferaihdheiat desstiiing the

third semicopglo] dQuice, ARG RREU W ARUNANGF AR JAehligalde Hag;lLst

semiconductor device to the first semlcondqctor device. 29 The method of claim 27,
further compFidithg: sl ipheorl fisurercadrirad perdieloBEGTEeSto the second semiconductor

device. 30. The method of claim 29, wherein securing the fourth semiconductor device

comprises securing a semiconductor device identical to the second semiconductor device to
the second semicotftuctotfeiFracondustor devipe assemblicgfalaiin? heprwHEsiagmply,

comprising: AdHisA1R§HITRMIHGI RIad S Kigeriiak IBSLARROS IRt 10 d sesiBaperipheral edges
and bond pads located adjacent to the first peripheral edge; at least one floating lead

including: a AR apdRadsetie s aresand sy caedelon deyierrelastriall peonpssied o a

semiconductor de\fie&; of rastochbtyr fRoappoRitadrend the first surface; a first end located at
an external Ee%gho gggp fais? g}] ﬁ%n&%(t:%%rd%%gcl)%% ggr%ﬁ:rgr%ﬁé%?%evices electrically connected to

a second of the plurality of floating leads.

35.  The semiconductor device assembly of claim 31, further comprising:

a third semiconductor device positioned over the first semiconductor device.

36.  The semiconductor device assembly of claim 35, wherein the third

semiconductor device is identical to the first and second semiconductor devices.

37.  The semiconductor device assembly of claim 35, further comprising:

a fourth semiconductor device positioned over the second semiconductor device.

38.  The semiconductor device assembly of claim 37, wherein the fourth

semiconductor device is identical to the first and second semiconductor devices.

39. A method for assembling a plurality of identical semiconductor devices,
comprising:
securing an active surface of a first semiconductor device to a first surface of at least one
floating lead, at least one bond pad adjacent to a first peripheral edge of the first
semiconductor device located proximate to the at least one floating lead;
electrically connecting the at least one bond pad of the first semiconductor device to the

at least one floating lead;



a second end opposite from the first end extending laterally beyond a second peripheral edge
of the first semiconductor device and located in an internal portion of the semiconductor
device assembly; and a second semiconductor device identical to the first semiconductor
device and including an active surface secured to the second surface of the at least one
floating lead and a first peripheral edge adjacent to which bond pads are located, the first end
of the at least one lead extending laterally beyond an opposite second peripheral edge of the
second semsconmading e agtiviceurdiafiestiinterrned emicombiutoivdesioere rat ssiooi satfpceariibe tihg

a bond pad of the T3t SEIOIGRNANCIONAGYIEE: WNALI% ?%‘8@9&&&%@%@&5%%@5?9&% gfthe

first semiconductor device, to an adjacent portion of a first end of the at least one tloating

lead; and a secondhataspred israicentisten desienlerrtedaunidaipjcoritie ity emidogtiazof the
second semicondugley dRViegiRtAn SHRBSHIRATIRRQLAPRGARY RREOE dasial lsastene

floating lead. 32. The semiconductor device assembly of claim 31, wherein the bond pad

of the first semicorffiidBRtde e ansasitasidr adhesstanblyifendhp rdepilgssrardydisembly

and the bond pad f}ilef ecaNE.SEMICHRIEIATRVIGR-6 Jaeiieadadiaeenite anRarasite,
second peripheral edge of the assembly. - 3. The semiconductor device assembly

y. -20- 3 |
of claim 31, SWRETHIR LSt eRLet Batlsathrysdinping derd ahsr R @obitrrdatesdhe pad of
the first semicondugiprelavico@ng the faenshpaectohdhesrenddsendeaogyctor device.  34.

The semiconductor devjce assemply of claim 31, comprisjng: lugality of floatjng, lea
Etomdimg SHEEAR ATO S, Lo he o Lk ARs TSR LA AR A R R R EL g p e
semiconductor devitdes efahtriialyebswrentesttu @ fidst wf theypkssadity of floating leads; and

second bond pads, 0 iskand serendsgisandusiar deviees glesticall epnegied o @
second of thep ura?lll{/ ofnﬁoatlllr% eads. 3B P Phereemiconductor device assem T’y Gf Claim
31, further comprigitgpatdeirdmefiviadngilestbr device positioned over the first semiconductor
device. 36. The semiconductor device assembly of claim 35, wherein the third

semiconductor device is identical to the first and second semiconductor devices. 37. The

semiconductor deie asddmpigtiastdasipheds 3Rirareiasasusing the ratitn sefaresdbe faist
device positighed Q¥Eth 8 SECOMHSERIGRPAUCIN feMitBice of the second semiconductor device

comprise securing the first and semiconductor devices such that opposite ends of the at
least one floating lead extend laterally beyond second peripheral edges of both the first
semiconductor device and the second semiconductor device, which are located at
opposite sides of the first and second semiconductor devices from the first peripheral

edges thereof.

41.  The method of claim 39, wherein securing the back side of the first
semiconductor device comprises securing the back side of the first semiconductor device

to first surfaces of a plurality of substantially parallel floating leads.

42.  The method of claim 41, wherein at least some floating leads of the
plurality of substantially parallel floating leads are substantially aligned with identical

bond pads of the first and second semiconductor devices.



38. The semiconductor device assembly of claim 37, wherein the fourth semiconductor device
is identical to the first and second semiconductor devices. 39. A method for assembling a
plurality of identical semiconductor devices, comprising: securing an active surface of a first
semiconductor device to a first surface of at least opg floating lead, at least one bond pad
adjacent to a first peripheral edge of the first semiconductor device located proximate to the at
least one floating lead; electrically connecting the at least one bond pad of the first
semiconductor dedde to hiscanétast oihd oAl gvleadin el2dtricducmmening theas lefatenef a
second semjconduct ik .Sec rf of th I ng.floating.! .at laast
ane bond pag e B L e e, e R
proximate tef{asiblenbpadsddicetiesptadihafioatine deadsmé thomdupalitostisebstandially paraliel
semiconducpy,dayirgJocated adjacent to an opposite side of the assembly from the side of
the assembly at which the at least one bond pad of the first semiconductor device is located;
exposing a first end of the at least one floating lead at an external portion laterally adjacent to

one of the first andsgecongseRugRAYICRNLAQYICR R BIRGRNANESERE IR af leasbare
floating lead with the first peripheral edge of the other of the first and second semiconductor

devices; and¥idantafijhessrrndisiiisansirigstevicasomprsss stetiEcaliydimsstitésnductor

device to thgjatdeas RedHadig gal. 1o the4drtiraath o afrglabays9, wherein securing the
active surface of the first semiconductor device and securing the active surface of the second

semiconductor device comprise securing the first and semiconductor devices such that

opposite ends of th¥s at ekt anshbdatiniriansioexikadilpiecatiydaonticesaiiat  efiphesbnd
edges of both the fi&st fc,ergiconductor.device and the stecondrfsemi%onductor e\{iced which are
located at oPPOSITE SIAES OF the fITSIFANG second semICoNdUCtor devices Trom the first
peripheral eldges idengodl to thé Tirfiremethductirclene39, asherainsseaceinfthearblzeit side of
the first senﬁ%‘gﬂ fé%_device comprises securing the back side of the first semiconductor
device to first surfaces of a plurality of substantially parallel floating leads. 42. The
method of claim 41, wherein at least some floating leads of the plurality of substantially

parallel floating leags arepgjisiantialy alignad %@H&%ﬁﬁ%aﬁgd pads of the first and second
semiconductor devices. - 22 - ’
securing a third semiconductor device to the first semiconductor device.

47.  The method of claim 46, wherein securing the third semiconductor device
comprises securing a semiconductor device identical to the first semiconductor device to

the first semiconductor device.

48.  The method of claim 46, further comprising:

securing a fourth semiconductor device to the second semiconductor device.
49.  The method of claim 48, wherein securing the fourth semiconductor
device comprises securing a semiconductor device identical to the second semiconductor

device to the second semiconductor device.

50. A semiconductor device assembly, comprising:



43. The method of claim 42, wherein electrically connecting the at least one bond pad of the
first semiconductor device comprises electrically connecting a plurality of first bond pads to
corresponding floating leads of the plurality of substantially parallel floating leads. 44. The
method of claim 43, wherein electrically connectingfhe at least one bond pad of the second
semiconductor device comprises electrically connecting a plurality of second bond pads to the
corresponding floating leads. 45. The method of claim 39, wherein securing the active
surface of tha lsestont semicorbigtindeldviceitoboprsedslecatédgdiacastiteasiintperipharal
semiconductor devig et%&fdgﬁﬁlcal to the first semiconductor device to a second surface of
the at least one floating lead. 46. The method of claim 39, further comprising: securing a
third semicomthadtaisgable itedixgst semiconductor device.  47. The method of claim 46,

wherein securing thg fﬁ%&§%§6ﬁf3ﬁﬁqH8§&rdqﬁ‘é‘?ﬁsQﬁbﬁQHé'§§§ RERNARG R I%Qé?i&ﬁﬂgﬁ%ff)z{t@@a‘é'@

identical to the first semiconductor device to the first semiconductor device.

method of claim 46, furthé’PEMF@H@?‘%@@uFﬁﬁ%%%@%ﬁﬁi@éﬂ&?@tﬁ%ﬁ@m@é@ond
semiconductor device. a#09. The method of claim 48, wherein securing the fourth
semiconductor device comprises, sec ring a semiconductor device identical to the second

semiconductor deE&HFR BRI Fhasetsrdaiaee positigyed latarally Amvad fstlice

assembly, comprising: - Pst %hl@mﬁﬁﬂﬁdﬁewmwfddmwﬂhzﬂ@ﬂ'ﬁkﬂ‘ﬁdﬁtkﬁﬁ@ted
adjacent to a first peripheral edge thereof; and ssembly includ internal portion
A S

located in a first plane an FREH ﬁﬁn&efébﬁ}g 5?%%%? % e fR 3 fitaf
secured to thd@tst&ﬁ@hﬂt@ﬁﬁimmmhdomwﬂdmmmnﬁan@mﬁmahmmglatllmat@darbméqmdnd

plane, positioned Ia%e[ Ily ar. urhd atl st one semico ducto dewq %InclL{dlng lea
SO ﬁ east I COIL llCtOI‘ odana acent porion o
for facilitating electrlca connection w { [2Ast one semiconductor device: and

at least one floating Iead.

51.  The semiconductor device assembly of claim 50, wherein an active
surface of the at least one semiconductor device is secured to the at least one floating
lead.

52.  The semiconductor device assembly of claim 50, wherein a back side of

the at least one semiconductor device is secured to the at least one floating lead.

53.  The semiconductor device assembly of claim 50, comprising an odd

number of semiconductor devices.

54. A method for assembling semiconductor device components, comprising:
positioning a semiconductor device adjacent to at least one floating lead of an internal
portion of a lead assembly such that the floating lead extends across a surface of
the semiconductor device, with portions of leads of an external portion of the lead
assembly being located laterally adjacent to the at least one semiconductor device;
and
electrically connecting a first bond pad of the semiconductor device to the at [east one

floating lead; and



at least one intermediate conductive element electrically connecting at least one bond pad of
the bond pads of the at least one semiconductor device to an adjacent portion of at least one
floating lead. 51. The semiconductor device assembly of claim 50, wherein an active
surface of the at least one semiconductor device is-ggcured to the at least one floating lead.
52. The semiconductor device assembly of claim 50, wherein a back side of the at least one
semiconductor device is secured to the at least one floating lead. 53. The semiconductor
device asseshdyitriofillyainma@tiograpeising brmdgddy whisbrintdiemivdn dicfosduvidgsd, to &1. A
method for assem '%B%%‘E&E' SRHIPL f’e%‘d'%?a?fé&?e?ﬂ@'ﬁ%tfo%”&?ﬂ%ﬁ&@ﬁﬁfﬂé’”'”g a
semiconductor device adjacent to at least one tloating lead of an internal portion of a lead
assembly such that the floating lead extends across a surface of the semiconductor device,
with portions of leads of an external portion of the lead assembly being located laterally
adjacent to the at least one semiconductor device; and electrically connecting a first bond pad
of the semiconductor device to the at least one floating lead; and - 24 - electrically connecting
a second bond pad, which is adjacent to the first bond pad, to an proximate portion of a lead
of an external portion of the lead frame



