STACKED DIE PACKAGING AND FABRICATION METHOD TECHNICAL
FIELD The present invention relates generally to semiconductor devices,
and more particularly, to multi-chip semiconductor packages that have
stacked dies. BACKGROUND ART Semiconductors, or computer chips,
have made their way into virtually every electrical product manufactured
today ‘?RE} bﬁ%dﬁ}ﬁ’é?{%q\}’g ﬂ@?&&ﬁ%&ﬁ%ﬁ%@?ﬂ@m
commercial electronic equipmen t'also in many hous an
consumer items such as televisions, clothes washers and dryers, radios
and telephones. As many of these types of products become smaller but
more functional, there is a nEedHMITAIJEIFIOre chips in these smaller
products. The reduction in size of cellular telephones is one example of
hGWempr&,@rnd maseticrpabikities fecerary way éemgonadabande&mgélerand more
ucts. As th demand for semlihonductor ices with
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packaglng densities has increased, Multi-Chip Module (MCM) structures

have been developed to meet this demand. MCM structures have a

number of dies and other S&vdPROH L AJonents mounted within a

single semiconductor package. The number of dies and other
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] another and then enclose the Stack of dies in one package. The final
industpiatieagcrinmeseiali et einsiaak e dalenidinaty Seuseaelaand consumer
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providing a smaller size, these B@ﬁ kages offer a number of advantages
these {iBesORREQEUGHS bﬁa@mmmiwé thergderatenalidheds isaxaesaHarankige more

chips #ehasssmAln BhacRiacksd QiR G IR bf @ngfﬁstﬂ@pﬁﬂfﬁsb@’ﬁﬁdexample

sequentially, typically with automated wire bonding equipment employing

of howeMRAOWRKHBR 2 CEBMPEES HNG rthetayanidrifrs Balelingtb dtallelelectronic
prodqu‘”ng the wire bonding process, the head of a wire bonding apparatus
applies a downward pressure on a conductive wire held in contact with a
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fabricated faster and more cheaply
structures have been developed to meet this demand. MCM structures have a number of dies
and other semiconductor components mounted within a single semiconductor package. The
number of dies and other components can be mounted in a vertical manner, a lateral manner,
or combinations thereof.

One such approach is to stack one die on top of another and then enclose the stack of
dies in one package. The final package for a semiconductor with stacked dies is much
smaller than would result if the dies were each packaged separately. In addition to providing
a smaller size, these packages offer a number of advantages that relate to the manufacturing
of the package such as ease of handling and assembling.

In a stacked die arrangement, the dies are wire bonded sequentially, typically with
automated wire bonding equipment employing well-known thermal-compression or
ultrasonic wire bonding techniques. During the wire bonding process, the head of a wire
bonding apparatus applies a downward pressure on a conductive wire held in contact with a

wire-bonding pad on the die to weld, or bond, the wire to the bonding pad on the die.



than several semiconductors each having a single die, which performs the
same functions. This approach is advantageous because of the increase
in circuit density achieved. Despite efforts to overcome problems resulting
in lower yields of semiconductor packages with stacked dies problems
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at least one die often overlies a plurality of other active gr passive

than seyRIBl ARSI RASE ARG &utiAdle it ot dPepiRi S fsne functions.
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difficult resulting in bonding wires of various lengths being used. The
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packagéyavicvstanath MiendinshwireSstilfedssto he takeirine decoithFtng stack fail
the design of the semiconductor package. Also, an upper die can crack

Premaifishg wire bonding of the upper die due to lack of vertical support if the
upRRNittiaaNerhanastthpaené lofugr diidhe SRsKIAY digsother active or passive

Consequently, smaller djes usually are placed on top of larger dies in
compQaais KR AeSIaRIngL RIS HER e leapideianiaackagst mees stisy
semitenAgRiotRatkpgasdfaindinypade diesmlsquisaapsonlentficliteresulting in
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induct@oricaadueteitRACHRER MO clugtsupiehipmbonitmgthadewneddheo be taken into
m?ﬁin%cgm ound g ed to enca@sulate tge dies in forming the
accounLayay Mg '%@18 ﬂb%?e-ﬁﬂng LRIPasAIBIem with designing suitable
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._package. Addjtionally, when multiple dies are stacked in.a semiconductor . .
verticfl el d AL R BRATEsd T JBREoRRton Bochdige o dies
Consefydbabiyesmallerialichaysislly teadsiacydicoabssybondistere diebidh Gamiconductor

K havlﬁ adverge Ieff é(*;Its on the dies that reduce the reliability and useful life
packagesha\dadi Srs'package. Furthermore, there is a thermal mismatch

befweeelistigationténialemisentixorgitiokatee feivickechaligsiendies also is a problem.
W e e R
dissipegigability of solder balls used to wire-bond the dies to the substrate.

The presence of multiple dies in a semiconductor package also causes problems with
the flow of the molding compound used to encapsulate the dies in forming the semiconductor
package.

There also is a problem with designing suitable electrical ground paths to the dies in a
stacked die semiconductor package.

Additionally, when multiple dies are stacked in a semiconductor package more
adhesive material is used in the semiconductor package. Adhesive materials have the
tendency to absorb moisture, which can have adverse effects on the dies that reduce the
reliability and useful life of the semiconductor package.

Furthermore, there is a thermal mismatch between the materials used to position the
stacked dies in the semiconductor package and the substrate. The resulting relative motion of
the dies with respect to the substrate has an adverse effect on the reliability of solder balls

used to wire-bond the dies to the substrate.



2 Solutions to these problems have been long sought but prior
developments have not taught or suggested any solutions and, thus,
solutions to these problems have long eluded those skilled in the art.
DISCLOSURE OF THE INVENTION The present invention provides a
SeRIGIRUG Ah@RCKRERASIHElhaeRUBR iU oht Bignaiiata’twilapRielfts have not
attached to the substrate. At least one top die Is attached to the
taughte R ruiBgiRRied e SOTPaT ikt BHE Rplwiens Witbsseiyeh!tsBave long eluded
those SkiipsHatethargian encapsulant is formed over the crenellated spacer and
the at least one top die. The present invention provides the ability to
facilitate the design of semiconductor packages in which at least one die

overlies another die[ﬂ%ﬁlg@iﬁt%ﬁﬂﬂﬁf?ﬁ\tli\‘ﬁﬂ RRpive components.

Furthermore, the layout of bonding pads on the substrate is easier
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of pI_acement wires as well as the parasitiC Iin ctance an
crenelipiedspigeRipicittinereds igativuSubpiGate boAdirlepslirercatepratit dedattached to the
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packagde. In addition, incidences of an upper die cracking during wire
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having stacked dies. The present invention also alleviates problems
packagies b iabdehaite s Angidispaeskemarhsicaieducad wabike §b Stheasg ve or passive
compSHHH{E’.Ie dies allowing more dies to be placed in a given semiconductor
package. The present invention additionally reduces the problems
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paths between the dies in a stacked die semiconductor package and a
parasigfoliyFiARCehaRdsNIsRlg RARAEIERTE thE \AilutralenalBdoanrdinguises are reduced
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material used when multiple dies are stacked in a semiconductor

pAtREdHife 8piHPBERFCH RHEPBAA UM EBCKING Stura gHatre 9 mlingbab iR ypper die
is reddfekR {ABreBY IF A Ah BRI G NT Wi TR HRRIGn i TBtaldLPU SRR ShRRdies in
used in semiconductor packages having
semiconductor packages having stacked dies.

The present invention also alleviates problems associated with heat dissipation in
semiconductor packages having multiple dies allowing more dies to be placed in a given
semiconductor package.

The present invention additionally reduces the problems associated with the flow of
the molding compound used to encapsulate the semiconductor package.

Problems with designing suitable ground paths between the dies in a stacked die
semiconductor package and a ground ring that is usually located on the substrate also are
reduced.

Additionally, the present invention reduces the amount of adhesive material used
when multiple dies are stacked in a semiconductor package thereby reducing the amount of
moisture that can be absorbed into the semiconductor package.

Furthermore, the reliability of solder balls used in semiconductor packages having

stacked dies is increased.



stacked dies is increased. 3 Certain embodiments of the invention have
other advantages in addition to or in place of those mentioned above. The
advantages will become apparent to those skilled in the art from a
reading of the following detailed description when taken with reference to

thee raQinDRaING ErefiROmVBt B HAESSARIFEAMN9Es TAdeldition to or in place

DRAWINGS FIG. 1 is a perspective view of a semiconductor packa

ge
of thoﬁ%Wﬁfﬁaﬁ?Q&h?‘é’chﬂa%ﬁ@\éaW%H@'b%em%%%%%h@&@srﬁ“ﬂed in the art
from ipveaiipi 6IGhe iDRcRRS-gesilenaliviembabievhiu clakenoiiit> réfépdeRe to the

along line 2-2; FIG. 3 is a perspective view of the structure of FIG. 1
accompapia L daiRgFbonding wire with an encapsulant and a top die

removed; FIG. 4 is a perspective view of a semiconductor package having

a smaller top die manufactured in accordance with another embodiment

of the present in®BhEEREICRIAS 19 petpéttvRENWINE Semiconductor

package having multiple top dies positioned side by side in accordance
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with oHEW o%‘?méﬁ?%fiw r&%ﬁkﬂﬂ}%r‘ﬁ’mﬁ;an inverted spacer manufactured in

accordance with another embodiment of the present invention with an
eft@pautahermset seetpnaleviemol e @ reph pérshédiRaliny bie2-2;

SRUCONAUCI DREKISS AV %R SRNG!AISH PRSE1 'RANH GhiMbonding wire

~accordance with another embodiment of the present invention with an
with asrrfgpReidait and & taipdike ¢8RI FIG. 8 is a perspective view of a

SRHCONHLGIRERBEKRAGE IBYI N ANseRRDIRRRIBP Rk BRI U ES A er top die

accordance with another embodiment of the present invention"with an
manutagtigpdincardpactopitharetenenbpricneaniohthe ppeaittvevaeivnr a

SEMUCANAUGIAERBEERAGE Y NGF %”s@ﬁﬁéblﬂﬂﬁt%P%%ka@@%%&%pJﬁdmﬁ% top dies
dies manufactured in accordance with another embodiment of the present
positigg sidmblistiaineaseafanemyahcRACIHE! Eiebeideat b e Preseniinyention;
{L%Vebcm?gr:fszﬁap@%@%@%%ﬁir& I ARCBMRREBM BRI SR SENinverted spacer
manufactured in accordance with another embodiment of the present invention with an
encapsulant and a top die removed,;

FIG. 7 is a perspective view of a semiconductor package having a crenellated base
manufactured in accordance with another embodiment of the present invention with an
encapsulant and a top die removed;

FIG. 8 is a perspective view of a semiconductor package having an open loop spacer
manufactured in accordance with another embodiment of the present invention with an
encapsulant and a top die removed,

FIG. 9 is a perspective view of a semiconductor package having an open loop spacer
and multiple lower dies manufactured in accordance with another embodiment of the present
invention with an encapsulant and a top die removed; and

FIG. 10 is a flow chart of a method according to an embodiment of the present

invention.



BEST MODE FOR CARRYING OUT THE INVENTION In the following
description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent that the
invention may be practiced without these specific details. In order to avoid

obscuring BePreae MFeRicARFONMR@ENTHE CNEUHRTZHEM
configurations, and process steps are not disclosed in detail. The

diawhegs| oM deserbadneiise U spabiPrr adusld amcsaieto provide a thorough
semi-diagrammatic and not to scale and, particularly, some of the

underg{anding s BFe RYERTO blarty e e sk iallobe ZRRMFELHEH A ritygytion may be

practi€¢Rgggiaiethissdhpédife. dermnerally, shrdey s rRBReUPPRY AehiRIRAY invention,
orientation. The term "horizontal" as used herein is defined as a plane

some WellrKiQW hEELHGerisiEal HPANY YALRRR B! RERCEthSiFRRe Ate Jitylisglosed in

detail Of its orientation. The term "vertical" refers to a direction perpendicular to

the horizontal a?éus_t defined. Terms, lﬁh as "on", "abqve", "below", .
“HdtoRiAWARES SROWLRG S RPALRRRE P tRigRRratERRYICe SR semirtiagrammatic
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now to FIG. 1, therein is shown a perspective view of a semiconductor .
o oA 6 AR P B o ST B RSB R tRTated i any
orientpti@gent invention. The semiconductor package 100 includes a substrate
102. The sybstrate 102 has a crenellated spacer 104 positioned on the
33 e\ 1%%?'%?{3 retief H%B@c‘érdfgﬂﬁa AiA Y PR e's%@ﬁ&@"e”t'ona'
plane bP2untrog ¢f Shitalet el astye dieatestatsAsiaisaddrerdine asthesietical” refers to a
materials ar layers age t least one of anga he%veg[a e, a curable
éesu Ad"Edmbi

directigfy, BRIOBNGKHIRT Jh AP AR SRS hE! AR Y e ot Uhles@POVE™
"belowthehaigminditgted: site’ qegraltasied spidoer Adhdrglutieses’ pasee 06 @ndér”, and

oene VTSI L0 (R poflprgytached o e base 106
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combinations thereof unless otherwise indicated.

The crenellated spacer 104 includes a base 106 and a number of merlons 108, or
raised portions, attached to the base 106. Adjacent ones of the number of merlons 108 are
separated by one of a number of embrasures 110, or spaces, positioned around the base 106.
The crenellated spacer 104 provides support for a top die 112. The number of merlons 108
provides support for the top die 112. The top die 112 is attached to the number of merlons
108 using an adhesive layer discussed below in more detail with reference to FIG. 2.
Although shown herein as square or rectangular, the base, the number of merlons 108, and
the number of embrasures 110 may define square, rectangular, triangular, trapezoidal,
rounded, or arched shapes and notches, and the number of merlons 108 may extend from the

base or from a distance from the base.



base or from a distance from the base. 5 The crenellated spacer 104 can
be formed to a predetermined height and shape using forming processes,
such as molding, stamping or etching processes that are known in the
industry, depending upon the material used to form the crenellated spacer

1G4 thenctrapg pirdrspacesd 8¢ ryefetal)\aiprieneshiremrridirranalbhape using

and electrically conductive material, such as at least one of ceramic,
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e crenellated spacer 104 uses less adhesive materials, which have a
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effects of moisture on the dies jn the semiconductor packa%e 100.
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tendency AR ARG FHERLNEOR A FmbkeIAdE BRRRGLRTTIONs 108, Thus,
the seprifdaplRiQdrspatayd Adanedivedanedienerde Effedsrodimaditiiie eleehucalts in the

. connected to the substrate 102 using a first number of wires 114, such as
Sem'CBW‘?Hﬁ‘iBfeP H%,lg nductive wires that typically are gold (Au) or
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crenelipasiiopaekitol 64 Rper theetdyo it PELD diseredidbe tosuldig Tt Ades pedatide movement
ey SR A e A g o e o die 12 therety,
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wies B O e B 2 e SRR PO ) o
alumienoashiam hlithbedef fettgrodiel Mizedurirtgitheormettioderoeersshe crenellated
R s e i o R
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e 1 e o 0 RS B BB Rt vy
reducicgrthedikeel itmtioeo§ kstkiartg the@Zapsitig E2 during wire bonding.

An encapsulant 118 encapsulates the substrate 102 and the structures positioned on
the substrate 102 to form the semiconductor package 100. The structure of the crenellated
spacer 104 facilitates better flow of the encapsulant 118 under the top die 112 during the
molding process. Additionally, the crenellated spacer 104 allows dissipation of heat from the
top die 112 during operation of the semiconductor package 100.

Referring now to FIG. 2, therein is shown a cross-sectional view of the structure of
FIG. 1 taken along line 2-2. A lower die 200 is attached to the substrate 102 using a first
adhesive layer 202. The lower die 200 is electrically connected to the substrate 102 using a
second number of wires 204, such as a number of fine, conductive wires that typically are
gold (Au) or aluminum (Al). A number of additional components 206 may be attached to the
substrate 102 depending upon the particular semiconductor package design. The number of

additional components 206 is attached to the substrate 102 using the first adhesive layer 202.



second number of wires 204, such as a number of fine, conductive wires
that typically are gold (Au) or aluminum (Al). A number of additional

components 206 may be attached to the substrate 102 depending upon
the particular semiconductor package design. The number of additional
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layer 202. 6 The number of additional components 206 can be active or
exampje sAAtGOR] SR RPASHHOFS ! RPCERIGTIRIGRRITRANS Hies! NEELRIRSSHEE layer

202 aREIetRCisatiscEafIaReniss dhendigeasngsiveptrren 0203 alseupsuses 102.
attach the base 106 of the crenellated sg}acer 104 to the substrate 1

. 02.
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surface of the lower die 200 using a second adhesive layer 208. A

using aSEGRARFGMAIY MRS 788 connected between the lower die 200 and the
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er surface of the

at least one of the number of embrasures 110, The u
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of the crenellated. spacer 104 he _substrate 102. Thus, a ground path
oy T A S oSBT 18 Too Rerien fgveen the
upper ovfdee F0f3hd, sy a6 9 iinaren gl iepegliverviow afdhnbesbutsivae Afo2IGThus, a

| with the enc lant 118 and the to%e 112 shown in EIGs. | and 2
groung At IS FHGeG pELveat DI fle 100 M BB ETEYE to e
sestratieg iRV R Gr3adigsivddalionasa pbepatiivé-iGev? of e lswetudieof FIG.
.. 200 is electrically connected to the.supstrate 102 using a sec number
1 wit} e B Ta et Pk CVEuh ol 18 B s ot RRdR.  The
substrammM@©htiethuioler dfecpobrasasiesd] thGranshitizestoisipateid®2n Hakesive layer as
nu of second ground wjres 210 is connected between the lo er%j .
showr 8 G e b Al 2 B A aL O e AC I S using 2
secontetuveisr thievidrwe20ie Z0Beamndhiber siflfstsatrdiid. WirescidBelatennspieddietween
104 is a cl si%loo formation. surroundin te%e erﬁ{e 200 and the
some 40 S B R oY S BElR A6 MR g ground
wires 210vis @ perdpe disvesdr \theflevserdie @tduaridrsqrae kdigkredtbmametatioredhus, a
groun'ci1 p%?ﬁolgdgr%(\:/?d\évdtrt‘)éf\?v%gﬁe{h%r?c%)gr' 'Hl%r‘&(% tahn%l Qﬁ%ss%rl])tswa\{gritb% " The crenellated
spacer 104 is a closed loop formation surrounding the lower die 200 and the number of
additional components 206.

Referring now to FIG. 4, therein is shown a perspective view of a semiconductor
package 400 manufactured in accordance with another embodiment of the present invention.
The semiconductor package 400 includes a substrate 402. The substrate 402 has a crenellated
spacer 404 positioned on the substrate 402. The crenellated spacer 404 is attached to the
substrate 402 using a suitable adhesive material.

The crenellated spacer 404 includes a base 406 and a number of merlons 408, or
raised portions, attached to the base 406. Adjacent ones of the number of merlons 408 are
separated by one of a number of embrasures 410, or spaces, positioned around the base 406.

The crenellated spacer 404 provides support for a first top die 412. The number of merlons



The semiconductor package 400 includes a substrate 402. The substrate
402 has a crenellated spacer 404 positioned on the substrate 402. The
crenellated spacer 404 is attached to the substrate 402 using a suitable
adhesive material. The crenellated spacer 404 includes a base 406 and a

408 sippoRe el fmartepiis or sk RefigRy BItRAeRed RS thasritBer of merlons

Adjacent ones of the number of merlons 408 are separated by one of a
408 uginamerdiealniaires 410, or spaces, positioned around the base 406.
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_number of merlons 7 408 supports the first top die 412. The first top die
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tende g ARG AR L IO a I i, 46 SCTIe b foestans 108,
Thus, theaelictimel desirtppedigyé 180 odthecss i hbed oérgresidasslOBmdibuse Biethe dies in
semiconductor packi e 400 reduces the adverse effects of moisture on

the SeRICHIAUGT Re icornductor package 100. Furthermore, due to the
reclugesnonriadliareateabdaetitbentienaltatbdiapasene O pal thiébies fustr 404 and
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wirebawltiegioé tAd&rst top die 412 thereby reducing the likelihood of cracking the first top
die 412 during wire bonding.

A second top die 416 is attached to the first top die 412 using a suitable adhesive. The
second top die 412 is electrically connected to the substrate 402 using a second number of
wires 418.

An encapsulant 420 encapsulates the substrate 402 and the structures positioned on
the substrate 402 to form the semiconductor package 400. The structure of the crenellated
spacer 404 facilitates better flow of the encapsulant 420 under the first top die 412 during the
molding process. Additionally, the crenellated spacer 404 allows dissipation of heat from the
first top die 412 and the second top die 416 during operation of the semiconductor package
400.

Referring now to FIG. 5, therein is shown a perspective view of a semiconductor

package 500 in accordance with another embodiment of the present invention. The



second top die 412 is electrically connected to the substrate 402 using a
second number of wires 418. An encapsulant 420 encapsulates the

substrate 402 and the structures positioned on the substrate 402 to form
the semiconductor package 400. The structure of the crenellated spacer

semicéRdutastifaiaageten flawelcthe ansarseisnt 42thenrdsstar fiop this diecrenellated

412 during the molding process. Additionally, the crenellated spacer 4

0
spacei 0GP AASH N INRSHLREME tRE2 firdi ¥ STARE UAI O FRARE @%dﬁ&tféﬂ"g?eto the

substr4tG0R RGBS (AL lHLiFe MigerdL ctor package 400. Referring now to
FIG. 5, therein is shown a ersFective view of a semiconductor package

5066rCERDIISARHRN AothEHEEHBRATE R A1 Gy ELEPRShEHREHOH 208, of

raisedGodetibien REEHRH R kRARSO806 CludRscans Wpsl AL thO AulihesubaiEatens 508 are
502 has a crenellated spacer 504 paositioned on the substrate 502. The

separalpd | AfOd SeRUN BEIA0k STRAEAWE To Hle O5 GRRERSP SHYANEMGraWikiitll§i dase S06.

The cRgiefsive spateriabdT e wikirellaisstspacefini4opaidsa meenbbha@nst anerlons
number of merlons 508, or _raised portigns, attached to the base 506.
ﬂn A0 of merlons

508 sUAIts FEHEL ORI RbmbePBiiEimdIs dalsataadiad

508 usiHgdresdifeeiabiagaires 510, or spaces, positioned around the base 506.
The crenellated spacer 504 prqvides support for a first.top die 512. Th .
P R B 304, LR (I oA R HrAqtb g 3res using
formiig) aitackedsiostiod Asmttint mesapmgdoB etshiggaprocdesivenayge. Rigvn in the

s RS R RS R RRR BRI NeR cor o

creneliireessasthe0asdorly insthiernrdufisyn deprnailly lpeh dhetriviiyialonductive

used thform thr[s crenellated spacer 504. il'he crenel atﬁ?d @J&ﬁcer o4 .
mater{gl aSiigecholica 0L, BF0AIGy B o R Bty G pginations
therecsu G xas aibtcsisherds oh erarvidiabietale coppeoundasithereahdaltbys thereof.

C ipatigns thereof. Examples of metals that are suitable are copper

AP i 1 I S R oS, BT SPGB S have a
tendentse solebsaabl rasive e ate hetks; wehic il s vepadie Bd 2 rtoythe abathér mbiskrtens 108.

to attach the first top die 512 to the number, of merﬁéw 108. Thus, the .
T RN B RGBS 0T LR e BV rEce OB bIAAIE g e dies
the sethiealidadtor thexlsayaitohductor package 100. Furthermore, due to the

R S g A AR D DS e S B RRES Ehe 2 Al fhted spacer 504 and
the first top die 512 the effect of the thermal coefficient of expansion mismatch between the
crenellated spacer 504 and the first top die 512 is reduced resulting in less relative movement
between the crenellated spacer 504 and the first top die 512.

The first top die 512 is electrically connected to the substrate 502 using a first number
of wires 514, such as a number of fine, conductive wires that typically are gold (Au) or
aluminum (Al). Preferably, the number of merlons 508 is positioned to support the bond pad
area (not shown) of the first top die 512 to provide support for the first top die 512 during
wire bonding of the first top die 512 thereby reducing the likelihood of cracking the first top
die 512 during wire bonding.

The crenellated spacer 504 also provides support for a second top die 516. The
number of merlons 508 supports the second top die 516. The second top die 516 is attached

to the number of merlons 508 using an adhesive layer.



the first top die 512 the effect of the thermal coefficient of expansion
mismatch between the crenellated spacer 504 and the first top die 512 is
reduced resulting in less relative movement between the crenellated
spacer 504 and the first top die 512. The first top die 512 is electrically

CamResieshiptbfedbibIcale SididniD i sb tHEHAL RpniieSdd4n Hshi@sy-side

a number of fine, conductive wires that typically are gold (An) or

mann g rH iR OB (i B R S S AN COPRAETREHE B Joate ReiEing a second

numb&UBPWirtaespeNndnpRiti AR /(R Seevva) ©btar i st tRpetierddaIiodoiméeted to the
support for the first top die 512 during wire bonding of the first top die 512

first tQREHE Y- Petiifey NS MUENBRIRY ¥t Esekihg the first top die 512 during wire

berdingagdigaatesm airdfRaaes T4 salsarpo BOR 35 BROsteitarsegsiioned on
top die 516. The number of merlons 508 sug%(?)rts the second top die 516.

the suppitale 2Ad 0 e 183 S50 LERAEHEIAT AR SuriBer DithRLrGHE S 65 he;seenellated

spaceﬁscﬁldfaed ﬂigﬁdgmtg@ flbe sdﬁqﬂedam@pp@mﬁﬁi@ie Q%&Emfdimgbmdllﬁs‘i@tand the
top die 512 in a side-by-side manner. The second top die 516 i

secon ol Ko AHEERLA Y BRI RFAES0o AHPAL e dHa SeRRUegrspacer 504

a||owyt;/]m%§i§éﬁ’on°~gﬂiti@ataﬂnnﬁhméirtv%nddprgréesfimmeiﬁ@tei@alhdcmm@rletmmduring

e first top die 512 using a third number of wires 519. An encapsulant

Opera%%oérrf@‘aﬁgm H%OEBE%%P&%@Z and the structures positioned on the

sestiategSARNOFIGthe, SBBritANE Ubiow packean suldide TVievetofciusensitonductor

R L LT T A

with grosespsdidaitionadytdpelyapeitaiat] spaeesebildordiosus disskagtios00fincludes a

st A R R S SR SRR A P gesie. o
lower thigré0 & siieutrical lgecspeatiee 1eheailLiasseineicoadi1stigra padkegebres 606. A
e SR S R AT dyer
604. parrengkafilspacksdi an autsseatéo6p 2ovntniversdreotifdsithatianbediédsideand the
om0 UHRERS Liing o number of wires 606, A number o

additicmr_maieimeposmnbs ®Q8 imauaehmmberwbmmtaﬁ(mar@nmm portions,
st S e R S B S IR e b
one oBBOBumMber of embrasures 616, or spaces, positioned around the base 614. The number
of merlons 612 is attached to the substrate 602 using a suitable adhesive. The base 614 is on
top of the merlons 612. It will be apparent to those skilled in the art from a reading of this
description that another die can be positioned over the base 614 and electrically connected to
the substrate 602 prior to encapsulation to form the semiconductor package 600.

The base 614 of the crenellated spacer 610 provides support for another die attached
to the top of the base 614 during wire bonding of the other die. Additionally, a die attach
adhesive can be applied to the surface of the base 614 in a continuous or segmented manner
depending upon the manufacturing process being used. Furthermore, the number of merlons
612 and the number of embrasures 616 positioned adjacent the substrate 602 facilitate the
flow of an encapsulant during the encapsulation process used to form the semiconductor

package 600.
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The crenellated spacer 610 includes a number of merlons 612, or raised
portions, positioned around a base 614. Adjacent ones of the number of
merlons 612 are separated by one of a number of embrasures 616, or

spaces, positioned around the base 614. The number of merlons 612 is

atReaemdoiae soeiate 60Ereping areviiaklo adpesive- viee kase &ldiédnductor
on to§) of the merlons 612. It will be apparent to those skilled in the art

Packag, {P9 reaifgtyrerid aecRripneH Kt ApRibsecaRAdimEsE phLGJTSRERL Epvention
with dhechegss@idtand eleesiichlyraponested e ibgisohaticte BASRHOTD includes a

ncapsulation to form the semiconductor Backa e 600. The base 614 of

SUbS”tgrﬁ% enéNiE'PE e BTRTIRALS L sHBM IR HgﬂFFéP%IPeSHﬁ%l&'I‘?@@h&?ive- The

lowertHR trgm g€ BleckacaIp borthedngd irédomsinate 7ireueingradiamddisionalés, 706. A
a die attach adhesive can be applied to the tE]]urface of the base 614 in

numbgh, A AR SURREARAES A% i ALAE R LRrG L B HIRE A QA YRR Tower die

704. preegsfihieingased lburhansweldbe foumbrpnailmellanrshe 18 ardiibe04 and the
numbgr_of embrasures 616 positioned adjacent the substrate 602 facilitate

numbey, oF gaditanah CATRNEN S Huring the encapsulation process used to form
thEnsesrdnenstegtapapackagei télGddd Refainag sfomeidontGr 12, theneisds portions,

...Shown a perspectiye view of @ semiconductor package 700 mapufactured
pOSit G T e TR USSP MDA UGG TP /12 are
separ@gapssiastt @andnbiaodienteraaiesl 716 eosepacsncbittonpacikaged 400 crenellated

includes a substrate 702. A lower.die 704 is attached to the strate 702 .
bese (L L6 MR AHEBURo A o Hen A P8 BostheU ol it f Sutable
adhesihe sOthetrainelldadsinga TuMiberosftiviies 6060 sfumdenafadditienalit will be

nents 708 is attached to the s bstrategﬁg)fé around thaalé)wer

(:om(g)q1 die . b
apparei 40 08 ES L A P10 AL AD G RRRLIRSIP S PR RBY R e can be
posititmeovkie tHed rndlthed hasebrrofmtiditictriahipromonretds (00Be Bobstrate 702 prior
¢ cren Iatecg s§acetb710 includes a nu&bertﬁéﬂerlons 712, or raised
0 encARRHEHS" I LNEH0A BRI EIRHARRTF ¥R 714. Adiacent ones o the
nhoereat HagstbhasE 72 Argrosefzarsippany fon afchenmieertticredbiasasp of the
6, Qr spages positioned around th enel%ffg. base 714. The number
crene e hedh. 4 RTE LR PG R RSY55 Ol R (ORISR L gper of
merlon$gl@enelthteclbiee Gflenbrassitiontel positigned treune tionsréiislidted/dpbeer 710
... apparent to those skilled in the art.from a reading,of. this description tha
rein RO A Cheiullact VLR SRR Whomn e
semicetetictoalpcd@yped@@d to the substrate 702 prior to encapsulation to form
ﬂ]ge%eerrrri]h%oﬂg\yvc]fgrIﬂ%‘?kg,gﬁwgr%% is shown a perspective view of a semiconductor
package 800 manufactured in accordance with another embodiment of the present invention
with an encapsulant and a top die removed. The semiconductor package 800 includes a
substrate 802. A lower die 804 is attached to the substrate 802 using a suitable adhesive. The
lower die 804 is electrically connected to the substrate 802 using a number of wires 806. A
number of additional components 808 is attached to the substrate 802 around the lower die
804. A crenellated spacer 810 in an open loop formation surrounds the lower die 804 and the
number of additional components 808 on three sides.
The crenellated spacer 810 includes a number of merlons 812, or raised portions,
positioned around a base 814. Adjacent ones of the number of merlons 812 are separated by
one of a number of embrasures 816, or spaces, positioned around the base 814. The number

of merlons 812 is attached to the substrate 802 using a suitable adhesive. It will be apparent
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The crenellated base 714 provides support for another die attached to the
top of the crenellated base 714 during wire bonding of the other die.

Furthermore, the number of merlons 712 and the number of embrasures
716 positioned around the crenellated spacer 710 facilitate the flow of an

to thoS\eReH | aMtHEUINE SHEEREARRBLORHRR Qé%r%ﬁdm&ﬂdtt@rf@f % ¥Meapsulation to form
semiconductor package 700. Referrln%]gow to FIG. 8, therein is shown a

the sepurQRAUERE RACHRR BLLAARIBRIHHE SR e AiAFESSY FH%HHfBEﬁn%fd“ﬁ”O”S 812 and

electriR@AQTEFHIRR tadt D ANOTOBERARBEIMent of the present invention Wlth an
encapsulant and a top die removed. The semiconductor package 8

inEgcRembes A aheransaH 2.0 [ Fane s dshacseRad P(E%QWQYUQ@Q”N“”
die attabhec siteelenadiirsiver ThedawegidiediPhis alretrisaiinproraird ther die.

the substrate 802 usmg%a number of wires 806. A number of additional

Furthei Ao HoRt ' gD8sSs atdMsietodhe a0 sihar8nBes Bl ST B GR B4R Positioned
aroun80theA erereflhddad sppaser S10 facumapemooieroation swagsatsmtheuring the

r die 804 and the number of additional components 808 on ee
enCap o RO Ch S BHEe SOHBAPe 16 THCRIGLCY TGP i horbRULb 58, agparent to
those éml@bd Dﬂﬂﬁl@aﬁl, fmﬁl%ﬁtﬁn@f@ﬂﬂﬁs&jbﬁﬁﬁ)ﬂéﬂ twssﬂjmnbépfmmafftt)bgen formation
.n er of merlons 812 are separate one of a number of embrasures

can IR0 A G R AR 1 DO AP e ErBe LT dfehellted
space8liansatpaciiRd to she sidistiade pﬂﬁ&udﬁmam@éa/ﬁdheﬁévawdmll be

a}g%?rent | | to thos I%'r‘?‘ killed in the art from a reading of this des? fg)tlon that

t

S0 18R AP Rl Pto o 6l 'S SIS h AUREGPSE KA JAH0 [conductor
packagécotamipmafsetired to doeordimiEenithrassivos é’rﬁaoahﬁe@deﬁtthmbyesent invention
h connected to the ubstrate 802. Th u][Bber of merjons 812 lud
wit %?e%?&?é%agbé@ r8DH @Bﬁa@g%ﬁgppo ForSANGRNEHRE B %%wsd%% jacludes a
substrateober @ firstllonsB8di2 doningatiehbo rslthg aftisteatztoop dﬁng@ﬁﬂiﬁﬁlﬂdhesive.

umber erlons 812 and the nu ber of em s 816 p ned
The g PR s e e B s SO T n e LAy o AU i namber o
wires QOBng\tb@:ceﬂd@mmuIatmoarrstmmhaetbtm@mwbsﬂmesemmnr@mwntable adhesive.
e 800 It (bl be apparent to those s |I(hed n t ro readin
The B ST o am At O et B NP RUA iR A B second
numbenoferd @Y apart crenellated spacers. The spaced apart crenellated
spacers, can ralle| to one an %’?i or p ition g one
S PR AR PR B e s ST T B AS  un e

first loevricdnd04ioA paeke et G avamedadiu mdopeadmmmmth sammthmts the first
Iowereopt]eb&éﬂmae&t)r fotrr\] %fo tk(laeS (saencto'rrl](y FT‘ch]\}\'/%P die 905, and some of the number of additional
components 908. The second lower die 905 and some of the number of additional
components 908 extend outwardly through the open portion of the crenellated spacer 910.

The crenellated spacer 910 includes a number of merlons 912, or raised portions,
positioned around a base 914. Adjacent ones of the number of merlons 912 are separated by
one of a number of embrasures 916, or spaces, positioned around the base 914. The base 914
is attached to the substrate 902 using a suitable adhesive. It will be apparent to those skilled
in the art from a reading of this description that another die can be positioned over the
number of merlons 912 and the number of embrasures 916 and electrically connected to the
substrate 902 prior to encapsulation to form the semiconductor package 900.

The base 914 provides support for another die attached to the top of the base 914

during wire bonding. Furthermore, the number of merlons 912 and the number of embrasures
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with an encapsulant and a top die removed. The semiconductor package
900 includes a substrate 902. A first lower die 904 is attached to the
substrate 902 using a suitable adhesive. The first lower die 904 is
electrically connected to the substrate 902 using a first number of wires

916 p8QfioRegarenstiavici el Rp&iisREached feiliveubstig 90 drisgmulant during

suitable adhesive. The second lower die 905 is electrically connected to

the engaesyHLRrRECE8 YSRIG A TOBBIRE SRTMABRAUH YIRSk Rhumber of
aqiditienaleromaenenie 88 incatianitordactae patreigaterahg pressnd ikntion can

first Jower die 904. A crenellated spacer 910 in an open loop formation

acconypIAgAlfH AL RS AR IRRSICHr B0 AT 1o AHBR e SelBBrcFIShRllaiRd Fhser having
a fornpiibsome RhthemunbeIrkadeiionalosamoanenis QRthihhsoaseanddpwer

die 905 and some of the number of addijtional components 908 exten

oFFETERNG RN dA FkCookh JRRERIR & SROWR: AW oS AT & TBetRRd 1000 for

manufigDaHgtedesspireat Xtoripatidgs. amhemiericef 10e0ans ed, MHVAIRE§la substrate in
ortions, pasitioned around a base 914. Adjacent OnEE‘PgEthe number .o

of
ablo éﬂ%@ié@%‘%%&rﬁﬁ KIa0PASRE B SYRRHaES ¥ odiaching at least
one t@@@a@b' ,mesitmﬁdt@d@padeglm b)(?;@cml@o@hﬁlllibgﬁ%@rﬂﬂﬁg im@ﬁaﬁagdoﬁ@ktltla?j die to
ubstrate 902 using a suitable adhesive. It will be apparent to those skille
the sUBRHALE AR A BIFCh 10O B 2En RS B LGP S el spacer and the
at lastritione ik avarbioek nonger of merlons 912 and the number of
embrasures 916 and electrically conpected to the substrate 902 prior to
el 0 For ISR it Erch ool G s ofpportant and
heretafopyigies silgplersdnnianstibepabriatachediiadhenkpoidhedsmseOidnufacturing a
during wire bonding. Furthermore, the numb rrgérr{ﬁerlons 912 an

. : d th
semicRAHAIAr PRk iEsurkie: 26848 b JHidshed & EHRLIOBRa Y §H§el9é]1f°rward'
econofiCataciitaieheatmiy oigaly eversqiie|aaidieffectivee wecamsrdatiomaprecksslogies,

d to form th iconduct k 900. It has h di dthat .
and R SN AIEY SocRAOH BTN ABCuRp VT e e SO G T gpatble
with deagirmioadbwenuliecanhgbleasiseneariopedimaelsgigsa crenellated spacer

havi f tj fatl f a closed | ] loqp, .
O R R R RO Bifroce. s
to be cimadrstbadrtith atab§Oal thynathaesy fiactlifiogtiaree rancb naiationpacithge . apperent to
d 1000 incl idi bstrate i block 10Q2: attachi
those SRt IO ST L RS SRR A e oo o
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be interpreted in an illustrative and non-limiting sense.
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at last one top die in a block 1010. Thus, it has been discovered that the
present invention furnishes important and heretofore unavailable
solutions, capabilities, and functional advantages for manufacturing a
semiconductor package. The resulting process and configurations are

THE siratfennecd, AeRmomgeal, uncomplicated, highly versatile, and
effective, use conventional technologies, and are thus readily suited for

manufaciunfeehsevicaaclifataniey icesniiahale b yackagpaberigii:
conve.%ltional manufacturing processes and technologies. While the
inR/EHt| H%ﬁé%@gﬁtﬁescribed in conjunction with a specific best mode, it is

taahiechindeasiendl et 3picyratieheaiivegarodifications, and variations will
be aé)Earent fo those SkHEd in the art iln I[&Et of the foregoing description.
3 At

ARt |H%I§}, R e 'teotoetn?o?gfé’@ WPiternatives, modifications,
andredyoadimstHeadt fbsvshintshel kRerpdofibstranglaoed claims. All matters

set forth herein or shown in the accom ing drawings areto b .

in [ | &) X '

e DL e R Sk s PR Goskon in,

CLAIM 1S: 1., A thod of manufacturing a semiconductor package . .

mprish B L e S A RS AR i ctim 1
furthesgbstpatangattaching at least one top die to the crenellated spacer; wire

oAUBRLL RoEr IS B AT % D SR PR R corapopepe. e

method obmizinatiactutiregeafsentheosubstide phdtastpatalyimadathcaieast one of
further Cﬂ{é:g{iﬁeiggz O%t%?qm !ﬁgst one of a lower die, an active
n

component, a passiveé component, and combinations thereof to the

S‘ébs"ater_ﬁiérl]ﬁ@ma&i%'%nﬁ?d%ﬁ%iﬂi&'?Qﬁle%ﬂﬁ&?o%&%d%@%&%rﬂ@dhﬂ claim 1

top die. 3. The od of manufacturing a semiconductorpackage as
wheregtaimed in claim | wherein: attaching a crenellated spacer attaches a

cr, 1 i ' o) I I
R AR T IGE {5 DTS el ot o
semiconltfastonpatikadesss llemrriopeslap| and combinations thereof.

4. The method of manufacturing a semiconductor package as claimed in claim 1
wherein:
attaching a crenellated spacer attaches a crenellated spacer comprising:
a base;
a number of merlons on the base; and
a number of embrasures intermediate adjacent ones of the number of merlons;
and
attaching the at least one top die to the crenellated spacer attaches the at least one top

die to at least some of the number of merlons.

5. The method of manufacturing a semiconductor package as claimed in claim 1
wherein:
attaching a crenellated spacer attaches a crenellated spacer comprising:
a base;
a number of merlons on the base;
a number of embrasures intermediate adjacent ones of the number of merlons;

and
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wherein: attaching a crenellated spacer attaches a crenellated spacer
comprising: a base; a number of merlons on the base; and a number of
embrasures intermediate adjacent ones of the number of merlons; and
attaching the at least one top die to the crenellated spacer attaches the at

leasi Pyt digteraiedss apme ektbemirntesphcesienthes A8t least one top

method of manufacturing a semiconductor package as claimed in claim |
whereinJfdHiiepst 2RAURRAHIERREES attaches a crenellated spacer
camprising: a bgse; a number of merlons on the base; a number.of

o Fbras. e 0 SHRH AL FARY 2GR o PR L RSSAGR PRI S 14

afjephidiggheabdeast one top die to the crenellated spacer attaches the at
least one top, die to at heift a%For_tion of the base. 6. A method of q
iR Bﬂjﬁﬁ'ﬁaasts%'?‘ﬁii? AdAMEr PEcRRGESTMERGE b3 iRy G component, an
substratepaiit@ehiogsahbtzest orafubioater die, an active component, a
passive cam ﬂ?e t, and co&bina lons therepf to the substrate; wire

e Tal

b&‘ﬂ[ﬁrpg?rﬂ tl%ar%%ﬁ/ WREQS 1R Hfié?;attaching a crenellated
Spéaaeiity thersnbiditatespadenss frartiabiytartoundktize @irirdist aventbtveadieast one
attaching at least one top die to the crenellated spacer; wire bonding the

at least g%\ge[ro '%Yie to the substrate; and forming an encapsulant over the
attebiaet leastodeetoihdictertb atededfatarbspaced; the  at least one top

die. 7. The.method of manufacturing a semiconductor package as claimed
invglrgi#]oggwﬂ é‘lpgi% Radidne f%p die'to Fhe sm)strate, Shel
forming an encapsulant over the at least one lower die, the crenellated spacer, and the

at least one top die.

7. The method of manufacturing a semiconductor package as claimed in claim 6
wherein:
attaching a crenellated spacer attaches a crenellated spacer having a formation of at

least one of a closed loop, an open loop, and combinations thereof.

8. The method of manufacturing a semiconductor package as claimed in claim 6
wherein:
attaching a crenellated spacer attaches a crenellated spacer comprising:
a base;
a number of merlons on the base;
a number of embrasures intermediate adjacent ones of the number of merlons;
and
attaching the at least one top die to the crenellated spacer attaches the at least one top

die to at least some of the number of merlons.

9. The method of manufacturing a semiconductor package as claimed in claim 6
wherein:
attaching a crenellated spacer attaches a crenellated spacer comprising:
a base;

a number of merlons on the base;
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attaching a crenellated spacer attaches a crenellated spacer having a
formation of at least one of a closed loop, an open loop, and
combinations thereof. 8. The method of manufacturing a semiconductor
package as claimed in claim 6 wherein: attaching a crenellated spacer

attacheszahGrene! iGteehBRRGRISGARERTISHTSe AdRRSAt Bridd BPe AfUMBEPB merlons;
on the base; a number of embrasures intermediate adjacent ones of the

number of merli"l?%; and attaching the at least one top die to the

cranehngdirpacraatiaphis thenatdrastiand pacsiatachkbicnst 8836t dhe top die
the number of merlons, 9. The method of manufacturing a semiconductor

package'3&!dRasha AFHAR A% BeRA%rein: attaching a crenellated spacer

attaches a crenellated spacer comprising:. a base; a number of merlons | .

o line pALE TP ARG PR B¢ BUBERn olaim ©
whereline number of merlons; and attaching the at least top die to the

crepellated spacer attaches t t least one top die to at least a portion of

B0 76 A A RETORE o AR eI A Riconductor package as

clﬂmed ,'Q %Iair(r:uOG d\d\gggrreglc:k%tta%gm% %i(r:]re_nellated spacer attaches a

ground paa. TR EERI B tor pa tkagg'comprising: a substrate; a

cresiibitetd; spacer attached to the substrate; at least one top die attached

ipgtethe at least one top die to the

to.the ¢ ted spaget: wires bo
s r%etrgfﬁgagpﬁ%&%%ﬁ@%ﬁétetﬁ%ﬁ%e crénellated spacer and the at least

oatleapt diee P. dit ettehaddothetwepdiekeygpaceclaimed in claim 1 further
C(&)/mgg'%'&%ing the at least one top die to the substrate; and

an encapsulant over the crenellated spacer and the at least one top die.

12.  The semiconductor package as claimed in claim 1 further comprising:
attaching at least one of a lower die, an active component, a passive component, and
combinations thereof to the substrate at least partially beneath the at least one

top die.

13. The semiconductor package as claimed in claim 11 wherein:
the crenellated spacer has a formation of at least one of a closed loop, an open loop,

and combinations thereof.

14, The semiconductor package as claimed in claim 11 wherein:
the crenellated spacer comprises:
a base;
a number of merlons on the base;
a number of embrasures intermediate adjacent ones of the number of merlons;
and
the at least one top die is attached to at least some of the number of merlons.

15. The semiconductor package as claimed in claim 11 wherein:
the crenellated spacer comprises:
a base;

a number of merlons on the base;
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attaching at least one of a lower die, an active component, a passive
component, and combinations thereof to the substrate at least partially
beneath the at least one top die. 13. The semiconductor package as
claimed in claim 11 wherein: the crenellated spacer has a formation of at

least ong afiRIste T L IRSHAs FRREsHHRLRatcRs cemnadienthenlie®erldk merlons;

The semiconductar package as claimed in claim 11 wherein: the
crenellated spatet comprises: a base; a number of merlons on the base; a

niiekerabesnbrapuirs dHigioned aiatasisce pbanssdoritHaeaember of
merlons; and the at least one top die is attached to at least some of the

nasber of seeitwmsiuttor Packagedomtisitgr package as claimed in claim
11 wherein: the crenellated spacer comprises: a base; a number of
n?eﬂ&?g?)tﬁ’the base; 16 a number of embrasures intermediate adjacent

oned@isthereumber dbweerioies; aanddingeatieast e, tap slissiseaattaohmmhéat, and
at least a portion.of the base. 16. A semiconductor package comprising: a
substrat&;3 '@3%98?1 of %Igmaﬁoatnea%qkfi@gmponent, a passive
carfipamentbanof wirasohoationsthieardebstithe oo ditets thstiatstradfirst
number of wires bonding, the at |east one lower die to the substrate; a
CAHRTE AP AHE 15 5 DT A L AT B Akt one
least ondovmweieglie; at least one top die attached to the crenellated
spgﬁer' ase on% nutmberﬂof v&i]res boq(figa the at least one top die to the
s@ Ptgg{gpg a ee%%%?& Ig)n SVErthe 3t 1eR& Sne lower die, the
creseitaiet duspbaesf anckshmrediteptite at least one top die to the substrate; and

an encapsulant over the at least one lower die, the crenellated spacer, and the at least

one top die.

17. The semiconductor package as claimed in claim 16 wherein:
the crenellated spacer has a formation of at least one of a closed loop, an open loop,

and combinations thereof.

18. The semiconductor package as claimed in claim 16 wherein:
the crenellated spacer comprises:
a base;
a number of merlons on the base;
a number of embrasures intermediate adjacent ones of the number of merlons;
and

the at least one top die is attached to at least some of the number of merlons.

19. The method of manufacturing a semiconductor package as claimed in claim 16
wherein:
the crenellated spacer comprises:
a base;
a number of merlons on the base;
a number of embrasures intermediate adjacent ones of the number of merlons;
and

the at least one top die is attached to at least a portion of the base.
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one top die. 17. The semiconductor package as claimed in claim 16
wherein: the crenellated spacer has a formation of at least one of a closed
loop, an open loop, and combinations thereof. 18. The semiconductor
package as claimed in claim 16 wherein: the crenellated spacer
comprisqieanitansd eftHanbecainngAoRmtbHaa diespackayEabeladhed in claim 16
embrasures intermediate adjacent ones of the number of merlons; and the

wherelfleast one top die is attached to at least some of the number of merlons.
1heldtenweihadpddaasppeisedngofosampgenductor package as claimed in
claim 16 wherein: the crenellated spacer comprises: a base; a number of
merlons on the base; a number of embrasures intermediate adjacent ones
of the number of merlons; and the at least one top die is attached to at
least a portion of the base. 17 20. The method of manufacturing a
semiconductor package as claimed in claim 16 wherein: the crenellated
spacer comprises a ground pad. 18
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