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(57) Abstract

Packaged surface mount (SMT) chips hav-
ing matched top contacts and bottom contacts are
stacked. Chip features are selected to provide the
desired connectivity between chip layers with a
greater ease of manufacture. In one embodiment,
additional spacing and routing layers are optionally
provided between layers. In another, chips are dif-
ferentiated by optionally providing different con-
ductor and/or nonvolatile cell configurations. In
yet another, a minority of a substrate’s contacts
are configured for aligning with a dielectric region
of a spacing layer or substrate to create very low
capacitance signal paths between stacked chips.
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SURFACE MOUNT IC STACKING METHOD AND DEVICE

5
Field of the Invention
o \
10 The present invention relates generally to methods and devices for
increasing the density of integrated circuits (IC's) placed on a substrate
such as a printed circuit board (PCB), and more particularly to methods
and devices for stacking chips comprising surface mount technology (SMT)
chip packages.
15

Background of the Invention

For several years, makers of electronic and electromechanical

systems have known that IC stacking methods and stacked devices can

20 sometimes allow more components to be mounted in a given areaof a
substrate. For example, U.S. Patent 5,612,570 (filed April 13, 1995 by Eide
et al.) teaches a configuration for stacking one chip into each of several
frames, and then stacking the frames. Signal routing between the chip
leads and the frames is provided by traces routed through the frames.

25 Although many known stacking methods are capable of providing
the desired PCB population density, a first problem not yet adequately
addressed is that identical (or very similar) chips in a vertically aligned

group have required at least as many interfaces containing routing (i.e.

horizontally offset vertical conductors) as chip layers. Each alternation
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the Invention 10 The present invention relates generally to nethods and
devi ces for incbemsdena la§8N&id ah Bterd ineuits (1C s) placed
on a substrate such as Cgﬁ.p;;r?nt ed Ci%&eﬁa{&%%%%%?% t,owé?lﬁosﬁrﬁfﬁ‘e
particularly to hetMssequipmeniapieised fomssanblekisegkchi ps conpri si ng surface

mount technol ogy (SMR);g patent 4,956,694 (filed November 4,1988 by Eide et al.) teaches

a configuration for stacking slightly differing LCC chips onto a small

18]

substrate that can then be mounted sideways on a larger substrate. This :
stacked device relies on these slight differences between the dies to
function, because exactly identical IC dies connected exactly in parallel are
unable to perform logic functions individually. A second problem not yet
adequately addressed in the art is that stacked device configuraﬁons of this :
10 type require that the dies be fabricated using different masks, and are

subsequently maintained in distinct inventories. A need thus exists for

stacked devices that can be made with dies that are fabricated identically

and then made into distinct chips at a later step of manufacture.

A third problem that exists in the art is very long, high capaéitance

15 conduits typically provided between internal circuit elements on different
dies. Although some prior stacking configurations incidentally reduce the
length and capacitance of such conduits as compared to electrical paths
comprising internal traces of a substrate, all known configurations suffer
from either difficulty of manufacture or relatively poor performance.

20

Summary of the Invention

Methods and devices are shown which can solve one or more of
these problems. The present invention is useful for stacking packaged
25 surface mount (SMT) chips featuring conductors extending to the outside
of the package, the conductors each being of a type that has a top contact
and a bottom contact relative to the substrate on which the stacked device
is to be mounted. Top contacts of each chip in the top layer are desirably

left entirely unconnected, and bottom contacts of each chip the bottom

30  layer are desirably configured for coupling with a planar substrate surface.
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relies on these sl I%@é di fferences between the di egntfgpq%%%tﬁéﬁ, because

| exactly identicalP*PEUGF BEChHERedindRadeal pignal grupdingeb thatevenpatibalyt O
_performlogic fungéiRapcHHdianipiug c probl em not yet adequately =
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require that ihe Kged-1Be ThedsrindatesparfingraighirRh@Tbr BEKS heahGng! ©
subsequent |y mai nt ai T;ﬁ% in dd‘ir?zti nct inventories. A need Thus exists for
stacked devices tHE ELR B EGLCRICOPStICEENt hat are fabricated identically

and then made into di atdepsiid GhbREmRht 8f thd f manufacture, Athird
problemthat exists in the art is very o S‘%seﬁf%ﬁe‘g%%h%ﬁot"é @ Stadkingsndui t s

typical Iy provi déerthed aedevin erhaingmhipurionfighaienbe veridily bAER in a

stack, differentiated by providing different conductor and / or nonvolatile

15  cell configurations. This allows commonality between all of the dies and
packages to be maintained at least until the conductors are installed.
Detailed examples are shown in Figs. 12-20. These include specific
arrangements for controlling substrate connectivity, accommodating
dissimilar chips, accommodating identical chips, differentiating identical

20  devices before or after stacking, and modifying chips using electrical,
mechanical, or optical means.

' A third embodiment of the present invention provides a stacking
method and device featuring a minority of a chip's contacts configured for
aligning with a dielectric region of a spacing layer or substrate. This allows

25  very short, low capacitance signal paths between stacked chips in a very
easily manufacturable configuration. Detailed examples are shown in Figs.
5,12,15 & 17. These include specific arrangements for assembly, limited

horizontal routing on the substrate surface, and within-chip routing.

30
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packaged 25 surface nount (SMI) chips featuring conductors extending to
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" acconmodat edl;'Q Det ajled exanpl es are shown ?%b&%]g cﬁ?{‘gﬁre ?qifwefﬁ’(?ge i ncl ude
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all of the di es AR OBARRIYEEHT Blestagasiof manadaciurel east until the

conductors are instakjeedsholehin I are _shown in Figs. 12-20.
These incl ude specifi (:ge gr?angerrgg?se or clﬁér:]t%‘?%lof PTEIIY tpvgngon,

connecti vi t 1P acewpadblawitlyFig. 5.

Fig. 7 shows a stacked device of the present invention in an
exploded view, tilted upward to reveal the undersides of chips, the device
teaturing packages with gull-wing type leads and a heat sink.

fig. 8 shows a cross-sectional view of the stacked device of Fig. 7.

20 - Fig. 9 shows a cross-sectional view of an a lead-on-lead stacked
device of the present invention.

' Fig. 10 shows a stacking configuration showing more than one chip
per layer, also featuring a single piece routing layer having a widened
portion for routing outside the chips' footprints.

25 Fig. 11 shows a partially exploded view of an inventive stacked
device comprising three chips and two interfacés.

Fig. 12 shows a detailed example of stacked LCC's tilted apart to

show their interiors (showing inventive features) and the interfaces '

between chips (shown vgenerically).
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-4 PCTI US99/ 25015, BRI EF DESCRI PTI ON OF THE D%NC% E%%réﬁ%\l/\%u\{% packaged
menory chip and“&PPouting |ayer of the prior art. 5 Fig. 2 shows a known
stacked devi ce conprisi Il0HRG LHb [ Q1 FLg. shows a prior art
el ect romechani cal sys]?em havi nag arﬂé‘rq%\%ge hk%%)}??ttf%?’lgei’; pdertad ér a gener al
type that coé@l dcoeplafgimotpthamevplaasent i nvention. Fig. 4 shows -a crowded
control l er board of fhe present i%\éar%i on, 10 nodified fromthat of Fig.
3 by the substitutionBol JPRERRPESTidenice of therpresent invention somewhen. Fig. 5
shows a cross segtila® fathay bEFief zlggggb%dotggly' { resent invention
in a succession of stages of.g(r)riangf acture. Ié’iegtﬁ%&éﬂgggﬂ%ﬂq r detail one
met hod of the ppréstatiallyidanticaichipsi5 conpatible with Fig. 5. Fig. 7 shows
“s*a stacked device of ﬁigelc?ps%%%eg%ii ny nt i Oﬂf'i n an exploded view, tilted
“upward to reveal the fnders! dés By ERiESENIgHAtER ¢f tepadkage cendwitspadkages

with gull-widg tiy@enkaadsomaéts forifaividhd)sionkl Guph aicr0sss;sectional

view of the stacked device of Fig. 7. 20 gEi g. 5 gggﬁé\gCglCé]%%g %%'ecti onal

view of an a | eR¥eoiagked degicacked :

Fig. 17 shows another inventive configuration of unconnected

contacts for differentiating the chips of a stacked device, substantially
consistent with Fig. 15.
15 Fig. 18 shows a flowchart of a method of the present invention

compatible with Fig. 17.

Fig.19 shows another flowchart of the present invention compatible
with Figs. 15, 16 & 20.

Fig. 20 shows several unconnected contacts in a configuration of the

20 present invention compatible with Fig. 19 in a 3-layer stack.
Detailed Description

Although each of the many examples below shows more than
25  enough detail to allow those skilled in the art to practice the present
invention, subject matter regarded as the invention is broader than anv
single example below. The scope of the present invention is distinctly- :
defined, however, in the claims at the end of this document. Definitions of

many terms used in this document are provided, all consistent with

30  common usage in the art but some described with greater specificity.




device of the present invention. Fig. 10 shows a stacki ngﬁfczo.ntf‘i'gu,r,a_‘.t,isoﬂ o
showi ng nore than one chip per layer, also featuring a single piece OV 2003
routing layer having a wi dened portion for routing outside the chips’
footprints. 25 Fig. 11 shows a partially exploded view of an inventive :
stacked dwoioogssseonpri sing three chips and two interfacq,%nr 9?5 12 shows a
detail ed exanpl e of stacked LCC s tilted-@apart to show'their feriors
(showi ng inventive features) and the interfaces bet ween chi ps (shown

generically). 6 NOV 00/6 -5.J 7Y'A. 015 Fig. 13 shows a
Venn di agram f or ascsg%q%l \réi?‘r'llceso 'g‘ﬁpé F{é“ﬁ&%fktgg‘eare§plzfegur@d tabgi ven set of

chips to be staﬂk@dhdﬁmsahtley" f WordoR]

shows a Venn di agram Li ke that o}@%l .O 13 a?&’% Mel %Hfﬁ‘ﬁ‘f%elﬁore

than two | ayer s?Teegribeg @Hbvvéer&ngqt@dk@awmumams tb be"leseRfe | nvention

somewhat sim | a, ot her features f or
Shciel dtebf'& f) ah%rbl s]eP\gﬁ%p the stacked

differentiating substant’ aI | den dgyicg nvent i ve
configuratidn ofvhenetpaeﬂaagstobamumsecaﬂdewiﬁ.unconnect ed contacts for |

i ndi vi dual signal coupllag g, .each chip of a 2- layer stacked device. Fig.
17 shows anot her i nverfPPIECebf ?QB’P%‘N%H%SWCWﬁ%thmdhamngtemctrkaf or

di fferenti ati nQdnAfciSHl ot eGuA e el d vi.Ge, ,subst ant I al l onsi st ent
with Fig. 15. 15 Fig. ? sh o&vgua fl omﬂgﬁ}&%f A RRPRO & B %/F@Ogﬁ’esent

_invention corrr)?@ndbﬁervwrtﬂg@&@totbﬁch Epgm&eof%@wf&r@m&t%rtfolfeﬂﬁ'aart of the
ipresent |nvent|q1 15,16 & 20. Fig. 20 shows several

co CFi
""unconnect ed corft & {Cam)nr# eéec(%ml C&ﬁ? fgﬁ“’& neqysly. Zﬁ’lep"rﬂ@stects" ofareift i on
conpat i bl e W t NiEhgusebheréin@efer kMREe &IrR&Ss on the exterior of the die.

, o -
"Internal circuitry” on an IC die includes resistors and active

elements on the die, but excludes ordinary signal traces and fusible links
connected very near to a die contact.
“Coupled directly” as used herein refers to objects that are
15 physically touching. Two items are said to be physically coupled
“indirectly” if they are both directly coupled to a third item or to a binder.
Irrespective of physical coupling, two conductors are "electrically coupled”
if there is a continuous conductive path between them. Two conductors
are electrically coupled "internally” if they both extend within an object
20 such as an IC package and a continuous conductive path exists between
them within the object.
An IC "package" as used herein is a surface mount technology (SMT)
package having a dielectric body having a cavity large enough to

accommodate the die(s) for which the package was intended. It also has

25  contacts inside the body for electrically coupling with the die(s) and
contacts external to the body that are electrically coupled to the internal
contacts. Packages used in the present invention each have several
conductors each having matched "upper" and "lower" external contacts '

configured to facilitate chip stacking. Contacts of a "matched" pair residing

30  onopposite sides of a package lead do not touch each other.




| Detailed Description Al though each ‘of the many exanples bel'ow shows more =
than 25 enough detail to allow those skilled in the art to practicﬁem 200
~present invention, subject matter regarded as the invention is broa 2003
than any single exanple below. The scope of the present invention is
di stinctly WOd8¥Pfed, however, in the clains at the end g&dh%;ﬁsﬂ?current. ‘
Definitions of many ternms used in this docunent are provided, a
consistent with 30 conmon usage in the art but sone described with greater
specificity. WO 00168 cRAghs JpaR/ 8-St acked devices of the present
i nvention are confi gurg:gg to be co%g%gﬁvggg%%‘i ABVentional ceragpia t om "
"upper" and the P§RastEPagkagesferresenvithal@didesThd ag "PhaibebefQlLRse L0 the
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sel ected " bottom};mo the 5tacked dedt afider o theensitlaoka package peg mount ed
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to forma physi®abuass. gvesdaiil & N i ul t aneously. The "contacts”
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the die. "Interwafigereddabe elettrisallacoupledlicr REGUARS JE3H §QL S, and acti ve

el enents on the Cghpat st%%ﬁexcldgdﬁg ordi nary signal traces an UMY e 1i nks

| connected very near PSoRngHrsd IQ it glettricalbygpypied Wiasckétyd PaB pagipd herei n

1 refers to obj ectismpbgbr sdifle other BOYRICRR! ching. Two items are said to |
"be physically coupled "indi rect | y" Ciﬁ?' fb‘%tg/gagrcgmﬁ%ﬁﬁ‘ad’i ipgludey peastgfl ed to a
third item t dhestoiander part pf the dptotniof e efll-Phpsdramk pGQURLG NG, T WO

conductors are "glectrically coupled" if there is a continuous conductive
path between them “Two conductors are electrically coupled "internally"

if they both extend Badhionvattishj f{cpac&ggﬁg\g{gﬁ@aégletl%ﬁgﬁpgﬁiyage .and a

conti nuous conductive path exi sts betwe emw HjBEA. An IC

"package" as usEUHIPEEFIPYBA S arcpmerodatuiie digsiopldgh thSWRkagBanlage

havi ng a di el ec ' avi.ty large enough to
g irftbrd 0 I al EAHA D B Msiad the%o%y for elecgtrically coupling with

15 the die(s) and contacts external to the body that are electrically coupled to

the internal contacts. Surface mount IC packages used in the present

mvention have matched, non-overlapping "upper" and "lower" external

contacts to facilitate chip stacking. Conventional packages typically have a

simple body shape such as a rectangular solid, outside of which leads may
20 protrude. Two IC packages are said to be "internally identical” if the I

pprtion of the package inside the simple shape is the same, whether or not
the externally protruding leads are identical,

"Internally connectable” as used herein refers to conductors and

conductive contacts that are configured so that they readily could be
25  connected to provide an internal electrical coupling. "Unconnected" as
used herein refers to items that are (or were) configured to be internally

connectable to a target conductor (i.e., of an IC die and / or package), but

which are separated from the target by a dielectric. A"

no-connect” is
another art-known term describing certain bifurcated conductors and their




accommodate the die(s) for which the package was intended. It .afl;so,ha;“.‘ﬂb;vezﬂaa
contacts inside the body for electrically coupling with the die(s) an ‘
contacts external to the body that are electrically coupled to the

internal contacts. Packages used in the present invention each have

several cwoodoeiws s each having matched "upper” and "l owgirsBsiisnal
contacts configured to facilitate chip s$%acking. Cont acts,%s? asw'srratched"
pair residing 30 on opposite sides of a package |ead do not touch each
other. - 6 NOV 203 WOERQLER9Re prock [ 25015 |.C packages of the
present invention include conven?%gn%ég‘g}%gl?ﬁeca ?Pdﬁftgét?sdmﬁgckages for
use with I C di esnyWheretiethis dpavhagetheas ausaghaistiondu@ye! udes conponents
conventional | y added t,,&].t,he i nai de of a package (e.g. bare dice,
epoxy-coat ed dice, tapeiBa¥ipedinerein relemsie agackagesromainibgeblmpsnert s, and
bond w res), Dbutiel el R e P 1S . r out conductors.
Typically each conduc}téglreﬁgl ncl udes an i?\terﬁa?gﬁggélglcﬁoupgegln?i%&aétd to be
el ectri cal | y° cospnesf electaepllyoperativandntanes dthemirleae sheapal  contact s .
configured to be ele i L C led,to a socket, a PCB pad, a junper,
or sone ot her conduc‘%%{r;é.ea%gtréé?’ntg‘?gQ%%’ﬁt%ﬁp?nﬁarﬁfeirﬁ@ thgdwa- ighal10 t he
top and a part pihntlagodnpbdt prvjeefedaargalbf arvéifige RN atlal rﬁgﬁ}g I ar

exanpl e. Each conventi i)nal | C. package i ncl udes g%iee ect?'isg 8%{;1ehavi ng a
cavity |arge en@QYRtRBIayeuboftbaski®P-the die(s) for which the package was

. dintended. It al so hasg;gopi ' he ,body. for electrjcally coupling
‘with 15 the die(s) a%‘é&%gnta%%tgsshgqg%ﬁ%ﬁ‘“?‘ég?ﬁ’e“"‘g‘t}?}@’ ’i“ﬁ%\?}aéﬁ"ée%fi@étri cally '

coupl ed to 1@ heariddies hawing subsaarttiallySul dfak@r aoetiallyoRa5H t%ifseﬂ in the
present invention have nmatched, non-overlappi ng "upper” an ower"
external cont &FEPY PAIPRICPE; Beipgimexacy iaemeGsqueneiandah theckages
typically have @mssi ; .a rectanqul ar . soli out si de
of which | eads m?ﬁggmgﬁoﬁgaf Q:T;Qm% %%?%%%Egglélsh Yat eeag?:\i %rupﬁtaﬁ'%gi‘}i nternal ly
identical" if t#aspserd haninohedrset packamat Do) u‘aug,ragaa%kargﬂ ®abl@pe i s the
sanme, whet her or..hat tpee ext rngll protruding | eads are identical.
"Internal |y comfelTHINda™ aOmplex difram virpalbealway s accommedase s "simdlar’

15 but simpler die. "Dissimilar” as used herein refers to dies that do not

comply with this definition, or to chips that contain dissimilar dies.
"Substantially identical” as used herein refers to dies one of which
has all of its electrically operative contacts in the same nominal location
relative to its internal circuitry as those of the other die. Dies are those
20  made from masks generated from identical data files or Having all of the

same structures in the same nominal arrangement are "substantially

identical.” Even dies differing by a contact or two may still be
"substantially identical" if one can serve the intended application of the
other and the differences are such that a given manufacturer-assigned
25  product number need not change. Multiple revision numbers associated
with a single product are not uncommon in the IC industry.
"Identical” as used herein refers to dies which have all of their
electrically operative contacts identically configured. Manufacturing

differences such as those resulting from processing variations or

30  differences between identically-manufactured masks will not prevent two




~conductive contacts that are configured so that they readily could be;, 25 "
connected to provide an internal electrical coupling. "Unconnected"™ 8 NOvV 2003
~used herein refers to itens that are (or were) configured to be internally
connectable to a target conductor (i.e., of an IC die and/or package), but ;
whi ch are s®90048%8el fromthe target by a dielectric. A "nReanoaaels’ 1S
anot her art-known term describing certai m%bifurcated conductors and their ;
WO 00/ 68996 PCTI US99/ 25015 -8 contacts. Except for the preceding

sentence, a "conglecirei bedty ideMskal, PRYVREH Snk s Ehr‘l-ig?ce d?ﬁ{l{g&g} %réreé%g; ea

contiguous conductor. A "chip" as used herein'r
contai ning at | éatandegdpurpiise of theethyac KBifferémty isnge@ KRN &) ref& b AGkS

el ectrically co : st .5 sope of electrically operative
contacts of the%g%tefgleltéés)lfn%%tntgggf:}émnﬂg 0855811% dpich asithosethat haveot pri nt
refers to the twnedifie®Blet@ial chaplcfmistitR RO if 1O 26 area of an
él ement at a given plane, such as the nounti né’ﬂqég%lﬁt*;%gt 8ﬁl%hi p.

"Similar" di @ d9enf€@l)-herein include identicall y manufactured dies 10

and di es having substgntiakl their electricglly operative contacts
in comon, that majori tﬁy b ﬁguic;\e%ie';(egcﬁ%/nqcﬁlegg%?ﬁﬁﬂ%ﬁBg & in the

same nomi nal | duadtioprfor tleantended putpose bihelolidr. Twdphckyesfre €2CH.
"Substantially ,,altl "oas,. sedé{l rein nmeans at | east about®900. Thus, a
 package that can'" %{é‘%@hﬁiﬁ?ﬂc they #5¢ idengical exeqpt o the ahapesaif tands
acconmodat e a " Yrfirh@ihe frbm et %Hﬁy ¥l " Dissimlar” used herein .
“refers to dies ?fr]at_dognot C(;)r?pl vﬁdﬁgf%iagka&g?fem qlgﬁ‘?mgﬁyic@“&‘?ﬁ]ps that
contain di s90ni lexen HithsconterBubisthanavitibd diffed ot e anolterUTofh PRYBLA refers
to di es one of %ic&,.@us altl lq,f.diFtsﬁl ectrically operative contatts in the
same nomi nal | o&XPiOn UPETHIY Bt §vemif dhsinsordacte differ Py asontaoke of t he
other die. D estabgaridtBeeare?OintiReeif £ 1T : fromidentical
data files or having al I}eof t he sane struct ﬁrsd]elg)??ﬁ&}aﬁg%lg R

arrangenent ar e ceRa@s haya thgispmpe geokyat drcaigemeny entheirasteditéd eppiatby. a
contact or two may SkiJ w s stantially identical™ if one can serve
the intended appli ca%ipgkk%? %éeryol%oﬁlé?ed}fﬁg‘f‘ﬁ °F tPithe bodeef Hepadign that a
gi ven manuf a8t uned tlesengmedof2he pﬁ@ﬁgétaﬁ%ﬂbﬁ{es@&ﬁﬂerﬂmgp%@}quu%ll tiple

not “un

revision nunbers associated wth a singl’'e product ar conmon in the
| C industry. Internal contacts coupled to die contacts by a "conduit configuration.” The

term "conduit configuration" as used herein refers to the number of
conduits placed in a package, the selection of which die and package
interior contacts are to be coupled electrically by the conduits, and the

20  approximate locations of those contacts relative to the die or package
interior. Thus, a "bond map” comprising the die- and package-specific
information needed by a wire bonding machine is an example of a
sufficiently complete "conduit configuration,” even if it lacks specific
information about loop height.

25 An "interface” as used herein refers to a given set of the contacts on
each of two entities, together with the conductors coupled to those contacts
and the structural members containing those conductors outside two
entities. Die interfaces as discussed herein therefore each include at least

two IC packages. Chip interfaces discussed herein may comprises nothing

30  more than a pattern of solder bonds.
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| electrically operative contacts identically configured. Manufacturing
di fferences such as those resulting from processing variations or 30

di fferences between identically-mnufactured masks will not prevent two WO :
00/ 68996 PWIWEE 25015 -9 dies frombeing identical, ppemuswEsppsne of '
them can function for the intended purpdé’e of the other. "Different” is
used herein to refer to dies that fail to neet the definition of
"identical" (such asfgihpsiowdaba i8R | ct.,rical. characterjstics,
even if they are stil "substaﬁr:téikgglec;i/ 5 |(§£hft?1?)c6§ %f'daﬁ%l’ﬁﬁgﬂygﬁé o e
deenmed "i dent i cHie'prifarast. nThefpaskegesk chijp 616 earightedCEulDWinOlealifigog piHnded

pur pose of the ﬁé\%}géa#ﬁ;\gg %%@(9551 %g&?li nternally" identical If they are

"l dent i calc " as used herei n refers to dies whi ch have al 'I.‘,ﬁ;‘of; ’Aftheiuf 5 8N9V2003

i dentical excep shapes acsH SERINgt hgerespanding ippokage
bodi es. . Packageamtaamoben ithd syutiigllyydr 8061t TKAloulife EXER 6bé ; coptents of
the cavities_differ from ogne anothher. Two pa(?ll:agés yeegnaG?/é B\énﬁéeﬁgg? antially"

i dentical even et FAMRCte BT Aewseagh pther ang providestintarnaircontintiveanthd hey ar e
"simlar" if suRsdantiat hy odld | ctricall rative contacts

have the sane general arrangclgéé:(r%{“a:c%edtgze%&iOrﬁt%rnﬁfé’a%éggﬁsé on. A package
"interior" as udedringheiquplet erasbdttor benthadys oh th'endsRYL ¢ e]%uﬂﬂg the
contents of the] gac&ggzwcgv%éé. These contents typically inc}fu e nt er nal

~ contacts coupl e@Y>di " Toft HEr W IgyroRtackshidapeple oirf aylordiriaoyt. verfidtsd  t er m

| J'conduit confi gin@lben 698 DurassyReEHs tQ-t he nunber of  conduits .
““placed in a package, the sel ect on }g‘&\/ﬁf}%ﬁh fse&gﬁauﬁfz%&%@% osit'eri or .
contacts ar¥ t ovasacajcaptledorebMctrical |y by the conduits, and the 20

approxi mate | ocatio t hose contacts relative to the die or package
interior. Thus, a " [ﬁ%‘gsﬁgbﬁ aglﬂmri‘ atla‘f'}tfdtq‘?@m&i‘sgg syfrpsgheidanghispdtsfi ¢

i nformation neeplgehttiysia, 5m heodRadidgsREHRDs ] £
sufficiently conplete "conduit configurat ieon, " ?261@%&??8{?{%15 %‘erg’ céfpeci fic

i nf or mat i on abd§terRbisientieal gauting Ryers 606,60%6(8ameh hakling & doespoindidgf ers to
a given set of agh of two entities, together with the
conduct ors coujaggage?{}ﬁééﬁﬁ’%hqlgb?sgm il Priter sentacts §P%p rs
cont ai ni ng Bhoseudngthier 606caipie ditectivo aQ’G}r}e&ﬂ&?jﬁn&&t&g%g};&@p&% s

eas

di scussed hereip therefore each include at
the underside the second routing layer 607. Similarly, bottom contacts 698

on the underside of the bottom routing layer 606 couple directly to contacts
(not shown) on the substrate 605.
By a known surface mount stacking interface scheme combining
20  vertical conductors 693 with offset conductors 694, each of the packaged
chips 616,617,618 has "individual signal coupling”—i.e., has at least one
| signal path that is electrically isolated from the other packaged chips in the
stacked device 600. This allows each of the packaged chips 606,607,608 to
be addressed uniquely, even if identical packaged chips are used.
25 Fig. 3 shows, in exploded form, Seagate's Cheetah 18LP disc drive as

sold prior to this writing. As explained below, this electromechanical

system requires stacked IC devices to comply with its form factor
specifications. Briefly, the disc drive 10 includes a housing base 42 and a

top cover 490, which engage a gasket 495 to form a sealed housing that

30  maintains the clean environment inside the disc drive 10. A plurality of




two | C packages. Chip interfaces discussed herei n,may»corrpr;iases:niot?’m"?gww 20 :
30 nore than a pattern of solder bonds. WO 00168996 _10- PCT/ US99/ 25015 03
Fig. 1 shows a packaged nenory chip 616 and a routing |ayer 606 O the

prior art. The packaged chip 616 has eighteen gull w ng | eads 699, each

~havi ng a bo‘?’?BW?%nt act 691 that is placed agai nst a cor pespsgsgg i nner
contact 696 on the routing |ayer 606. Thdlrout i ng | ayer 606 insul ates the

5 inner contacts 696 from each other and provides internal conductive

paths to sever dlisks#6 istRowtb@forGoRitamtch H9nd] LS CRNYACT 697 'S
also. electrically C%oupl ed to a bottomco tacfgﬂgﬁgpg%b%e&?ﬁfb‘éi‘%}’lﬁe of the

routing |ayer &@BSAugBEReads 69 fremounted te enbamhor 693 66UPhEadth#ofBody

"ordi nary" vertkgaladapRAGHCH; 3. but a few of the outer contact’s 697
couple via an " offsaetaﬁ 10%%?& OOBAGET St #f 2 ppige coil srasevs VM own

stacked device 80Opssiopaasicthail 54 andiaghbs 0% corRAlIERly %b?%ﬁﬁ%@%g{{g‘rjghte?ng

to a substra%e 605.. ;h‘ﬁ gg\ﬂ#e 600 is forned of severa

| ayers 606, 607, BOEELCHS Mg 3 F6YFte ppdvRY Signalpaseldagecntedlithe
616,617, 618. EavitMhand bR HRHESE0 5QRLACE § f..bottom 15 routing | ayer 606
couple directly to a correspondlﬁng bott%%ggcggtt%&nd@%’%ﬁcmf%t%r si de

the second rout {TAB qleganicadrruits om tanttoller bedri®0v.C 28sRGWH, $88ontPidNe

underside of th routing.l ayer 606 couple directly to contacts
(not shown) on ?%Aggtssh‘gg%?%rtlsées éggfre é}a@emmmcg 870, aserialport castnactior ng

J nterface schensbocaitbi Bhindle c3BndEHL s79ak ct or 3 with offset .
conductors 694, each o?pthe packaged c%%ggg%llgoaﬁ?,g@ffg?xﬁﬁg‘e'}i ndi vi dual

signal coupl{ ngerovded. has at |east one signal path that is electrically
i solated fromthe otfher chips i he _stacked device 600. This
al | ows each of the Sg%?asgg‘ggg%?%tsm@ﬁ%o%&gs O@@edﬁwraém@%@aomm quel y,
even if identi cEig PlacKkegebstithiips oﬁét@cﬁé_&%ﬂvic@sdﬁ,]ﬁa of t}?égé’r\g?éml n expl oded

for-in, Seagate's Cheetpgp 18LP disc drive as s pri 0 this witing.
As expl ai ned bePBFEHiAl ¢fthe HPBRERteIRRlcohtacky s oemstackied deScesisacked | C

Ve o s TR e b R e SO GBS e e 3
S R MY ko
protective (solid)
dielectric 585 such as a deposited epoxy. All of the chips shown are
preferably coupled to the board 501 by a single reflow operation.
Fig. 5 shows a cross sectional view of stacked devices of the present
- 20 invention in various stages of manufacture. A spacer layer 880 such as a
pﬁnted circuit board is provided with solder paste on contacts 891,892 on
its opposite surfaces. After preparing the layer, at least one chip 270 is
placed on a work surface 83. An assembly component comprising a
spacing layer 880 is placed in contact with the leads of each chip 270. At
25 least one more layer of chips 170 is provided so that some of its contacts
couple directly to contacts 892 on the spacing layer 880 with solder 87.
Electrical probes 86 are used to test which stacked devices 580,581 are

functional. A clamping surface 88 is used to secure the devices while they

are separated into individual units (singulated) with a cutting device 79

30  suchas a router. The singulated devices are removed from the assembly




-11 disks 46 is nounted for rotation on a spindl-e motor hub 44. - A. = ..
plurality of transducer heads 60 is nobunted to an actuator body 56.§ NGY 2003
actuator body 56 is adapted for pivotal notion under control of a voice

coil nmotor (VCM conprising a voice coil 54 and magnets 50 to

controll abW&”?fi?%‘_heads 60 to 5 a desired track 48 al ongpiiuss gt € path

62. Signhals used to control the VCM and'4he heads 60 pass via a flex

circuit 64 and a connector 68 to and fromelectronic circuitry on

control | er boarkha@®3,88s Thepway th&iebe e a 0 _conprises a

fibre channel interface 558’,a ayseri al &2%{1%& %:oognshueéc% Sgedsoé VI "eé“%]pi ndl e
connector 570. ‘PRAYEILYs 568 echsdndsoidoingstoenntaenesop. 10oké oMB8Eimd &t 4

shows a control PEE% : i.fied fr t he board 500 of Fig. 3 by the |
substitution o#éag%c eﬁé@gh@%&?%g egmet"ﬁ@ Brekennly torvdinterwic. Al of

the upper ext eregibn obtiteaabstratt and all SheepaSnbRYd &Qhélﬁ% &(‘ng& ul tlhéee?pozgg
yer segent s

to air, thu rraéigggﬁthedgé(terniil | eads and spaci ng
beneath the”l e& ORRAPY aflielegtria 188 dlisenatoreliomnidastanrtaahs of t he
ot her stacked dewitfife &htads 597 dilubY ! jth a tective (solid)
dielectric 585 such as a deposi tgdedgtg%x%%k%fle&‘e% ‘Sﬁi‘?‘:ﬁgc%b{om are
preferably couffioladed frommnybefahelsEigtrabys iatahaldoadueforoyggoper ation. Fig. 5
shows a cross sectiﬁna% vg ew. 0 stacﬁ;eog devi ces of the present 20
_invention in various®s yues At of theprepeny inventiveapetho880 such as a
pr| nt ed ci rcui toRpatisle mGtHFiQVS. YL aste on.contacts 891, 892 on .
its opposite surfgces. Afte](rg prepari ngc‘?lﬁég%gx(/sgra,m %p?%ﬁcgi&@rfé chip 270 is -
pl aced on 30wokRownin Hieear shenpreperd 2Ry and sqreae pHin&APLth Shidgr BastShaci ng
| ayer 880 is pksgedy: ntact. W.th the | eads of each chip 270. At 25 _
| east one nor ek aygrﬁqgﬁgrgrﬂ]%gdf’i rs’ltéﬂﬁ?%\?i’ﬁ’e‘ge%ﬂ?‘ﬁa’?“g@?@dﬁemts contacts -

coupl e direct | ydditionairtioacdsfs)38a cAlpsthe pRRAELAG th Qb sl der 87.
El ectrical prohes 86 are used toﬁ?est alhi ch statcgselﬁoaggla%e\gsﬁg% . 581 are

functional . A ENaiAR soyeselthe eelays pplletispldcadl 255 e tefiowdie peffesmai | € t hey

are separated 4 [Wala [IRVAP N singulated) wth a cutting device 79
30 such as a r%zl}:jt%rs kﬂ%’_hr\é\ lfslilﬁ?]%?#a e%dévéﬁ'sg‘é@%ég%&?‘étﬁlﬁ%]éﬂﬁfl%% Inke assenbly

- 6 NOV, 2093 pefdatdda&abedinikdt, step 1270 more particularly comprises a step of

modifying the electrical characteristics of each of the vertically-aligned

chips in the stack, or at least all but one of them. The steps are then

singulated 1280 and inspected 1285 and any necessary rework is performed

1290 prior to installation onto a substrate.

20 Fig. 7 shows a stacked device 582 of the present invention in an

exploded view, tilted upward to reveal the undersides 171,271 of leaded
chips 180,280 in a stack. The bottom chip 180 is a packaged device having
eighteen conductors 101-118 with gull-wing leads that protrude downward
and outward. As shown, each of the conductors 101-118 has an upper

25  contact 192 configured for direct contact with a two-piece spacing layer 880
and a lower contact 191 which may be configured for direct contact with a
primary PCB (not shown).

A heat sink 780 is provided, shaped like a capital "I" with two

narrow segments connected by a perpendicular segment. Optionally, it
30  contacts the bottom chip 180 directly and is affixed there with a high




PCTI US99/ 25015 fixture 83,88. They may then be coupled to a s’,ubs‘t;r‘?zwq'ip?
having i nternal conductors 568 such as by soldering to contacts 592."™"n 003
one enbodi nent, at |east one bottom contact of the stacked device coupl es
only to a %ﬁg’%ﬁ,gic region of the substrate and all the top contacts of
the top chip I'n the 5 stack is coategsby a dielectriechBsso2sos
Alternatively, at |east one of the substrate contacts 592 coupled to a
stacked device 580 is electrically isolated fromany of the substrate's
inter tnal con?ﬁggg'&’?%’&?ﬂglo@? aléltl@msﬂtgot%eheag@gﬁ&s!aréﬁsé J&gfg?g&t
i nventive ne 1S Q5mat . 5. Printed circui oard(sy are
i n.sp;ac'éed. Eﬁzod%égéﬁﬁgnj\ﬁh iéfgﬂﬁ%fpgs s’f‘?’(@h‘“ﬁbﬁ*‘g&?g%&la}l@ssgree? .
printed wi s ghuepo illuSHh@Pe. Ahferfil I.I'S aced onto the
reflow pallet 1240, then adddi t opal boar dé(s§ an%?%&%ri‘?fgtﬂéér)‘éemﬁsé_ed ont o
the reflow pal I'Bf1$ €5 88(hand offpe fgplustiraouting tayer ok | mevoRBhb €4 1 S Pl aced
under go. el et r ot L arryagne ot b RS SR Nen. s Hgekinmens L aémp 1270 mor e
p?rt i CE| a][l %/hcd‘?ﬁ?ﬁ y@bmlggdsquép(bl) su‘chﬁm‘eyqus@ ff,ﬂﬁroﬁeggi éﬁ%h [51_?r ac% er: ist Ibcf
of each o e . sl i gne ips in the stack, or at®least a u
one of them Tﬁégé{’%ga?eﬁg%&ﬂ‘fgrﬁugggﬁ@iﬂ? 48Qererdesivablyaffixeste ohednd@gs and
any necessary peoptKadsemPBIw Rk BRChi i o installation onto a

~ substrate. 20 Fi&{ 7 shom?ra stacke%ﬁzﬁeb\'/ilgg'e%gc%rfcp‘f S O80T HBent i on

din an  expl odef! (ieesdayeisiBBB 48U wEr wntantsr combighredter Hi}gﬁfcéhgﬁﬁ Jvit%’azn of .
caded chings 18Mad% ddbiesiiglun JIERRLLOm i 160,15 B Packied device
downward and eddewgpadte. As shown, each of the conductors 101-118 has an
upper 25 contact 192 configured for direct contact with a two-piece
spaci ng | ayer 880 “2hthoyn gEace iethonthe h@mmﬂnﬁth&yomgsﬁgglj%r ed for

direct contact cdMphdt RndR¥ Vi P ot wn). A heat sink 780 is
provi ded, shapcedpFi Ke a cgg?(gla ngdg%ofﬁaﬂ’scﬁawb&/f%mkﬁg connect ed by

a per pendi cul atonslagioen10l,1IBLRODRE. | 1Y the dhips3B02RHER the bortamchip 180
directly aﬁg iﬁu'atfrf | xed there with a hi g}% 6 NOV 28%%%%%7%%‘5@%’ -13
s trace does not enable individual si gnal coupling to these package

conductors 101,113,201,213. A traceon a routing layer having conductors
adapted for coupling to conductors on two or more sides of a stacked IC

package 180 nevertheless provides a novel latitude over either a two-piece

spacing layer 880 or a frame 606 of Fig. 1, alone. Namely, the routing layer

20 980 as shown does not add appreciably to the fdotprint of the stacked
device 582, even if the heat sink 780 is omitted.

As shown, routing board 980 has another feature that provides
individual signal coupling. Unlike the other conductors 901-911,913-918
comprising contacts of routing layer 980, conductor 912 as sﬁown

25  comprises contacts 991,992 on only one of its surfaces 971,972, A preferred
embodiment of the present invention features a routing layer featuring at
least one offset conductor 169 constructed by methods known by those
skilled in the art. In a preferred embodiment of the present invention,

conductors 114 and 214 are no-connects (i.e., package conductors

30 isi 1
comprising contacts that are not internally connected to the chips’ internal




PCT/ US99/ 25015 tenperature silicone adhesive. Although heat sinks ar€§ NOV .
usual ly used only for larger chips, a heat sink 780 is shown with ‘
unusual ly small chips 180,280 for purposes of illustrative. Interface 199
conprises the depicted spacing |ayer 880 and of fset conductor routing

| ayer 980."‘%"8@?98? ng to a 5 preferred enhqdi ment of the prrEussaksisvention,
; a stack having L chip layers will need only (L-1) such interfaces for
proper signal routing. Spacing |layer 880 and routing |ayer 980 are

| desirably affi xedcdits) amd thendtipet80,280 by idbAL@S$ S ' t i

| 180, 280. Most congu&tﬁ%lrus 801- 818, 901- 918 of tﬁg?éxf%cgeﬁ’%g‘g?gggfwave
contacts confi glir%ed Y§OPRBEH te 5335ty Rpehipnl8) ardl condtieior 104 ist he ot her

| ayer, so this gkéfiieaty &udl&d | formed with _sol der, paste. As
shown, a trace 168 on );he I:‘bot %\ég%&g%é}%{%g&?’oauctof’ﬁ%mfeﬁwpl%ma%ﬁpI es
conduct or 901 t of inghddealsigred uplimgs coupl i ng four package conductors
101, 113, 201, 213. | f Aﬂgrgghgstol{go,ggﬁ in the stack are identical, 15 this
trace does not enabl@ T ndivietal Bsf JRarPRISPHaRyof he higetssunip Zékiage .
conductors 101, ddskaBBlcodied wAh hIdBEBctHR c6h i.d: ._havi ng,conduct ors
adapted for coupli ngg’to conductors on two Or r?grg]ed‘glg eggg?coé’%%'f‘ﬁcked I C
package 180 nev¥ithiendudorsibfiondhe routingdhydrad8a betercon e eHip1e80, 2601 WO- pi ece

spacing | ayer 8 f ELg. al one, Nanely, the routing
| aver 20 980 asﬁgheg{v?nlw?u 3%?@15?9325%*55%63’@%“9‘ wighe ge, ’P‘é%‘t"ﬁﬁfmf of the

“stacked devi ceeleBfcalbvemduttivd eAlbaabtisdiik sH3CinkIa T shqwn, .
- routing boz&mi 9%{) has anot her feature thgt Sﬁov?d@%ms?ggﬂ% gﬁ%ghgf’gnal
coupl i ng. i KEPhECYPRET BWdh%f%%@gQ@}ler%Q,(@15&09&8cambamﬂp$dyég igont act s

of routing |ayeg tiof MHUS h&: shown 25 conprises contacts 991, 992
on only one of ic}ngggu?f aces 971,5872.8%}{f%{%§fa§‘?aryeféom SRRy 5980 he
prezen% in\{ggti on Ié’ag@rsg@“a arcmﬁisggiir&a}'ere“{) @fa‘]’ltﬁrs{-aagecﬁﬁg\iilk§%@_tof%§% offtset
conduct or ructe 0 own by those skilled in the art.
In a pref erredcfe?%%ﬁﬁ?é%flggom%%aﬁ of the spatingiboard®bact or s 114 and
214 are no- conng&hScally sBparaRRCKSAGHER 0 I15i0g contacts that
are not internally colr};negt ed to the cﬁ%ggﬁo{sﬁtbgran%g%cégg%ggwn- 9 -
PET/ Us99/ 23@1? koard 8§ ar)d ﬁwﬁdxeatgnk;lhllfpbe wfﬁﬁai affiked dﬁﬂé BoHom gﬂags 625
shown, conduct oy, . ric cou 0 exac one chi an
conduct or 114 IOIgO,]t%ig did1&cthic ?%may e al att gag. %)therwxse, the dl)électric 195 cgn »
comprise a coating on a surface of either the heat sink or the board 980. In

a planar configuration having externally identical packages, as shown, the

spacing segments 584 preferably have a greater thickness 881 than that of
- 20 one chip 180 plus that of one heat sink 780. As shown in Figs.7 & 8, eacﬁ

spacing segment 584 lacks horizontal trace routing has a thickness 881 at
least about as large as its width 882.
In another embodiment like that shown in Fig. 8, the body of the
lower chip 180 extends lower than the bottom of the leads 179. A primary
25  board can accommodate such chips by providing a recessed portion large
enough to admit the body of the lower chip, and is advantageous for

accommodating flat package leads, for example (see Fig. 11).

Fig. 9 shows a cross-sectional view of stacked device 583 comprising
an upper chip 280 having package leads 279 that are longer than the leads
30 179 of the lower chip 180. Conductors of the upper package 280 comprise




“electrically coupled to 'e‘k’actkl y one ‘chi p 280, a conveni ehf i Wp»lzéne“m BtNWZﬁﬁ.’i
of individual signal coupling. 5 Also relating to Fig. 7, the upper
surface of the heat sink 780 is desirably coated with a dielectric
coating to avoid electrically coupling wth conductors 168 on the routing
| ayers 980 Wepe/d&¢ t he chi ps 160, 260. Materials usable Porwseasnsi nks 780
are known in the art, but nost are electdrcall y conducti ve.

Alternatively, a spacing |ayer 880 thick enough to 10 all ow cl earance

bel ow t he routi r]gadswgea&&@veﬁgs )sideIb8E i onj uncti on -
with a heat sink 780 affixed away rom t he roﬁ?ﬁq%%?lg‘%?g‘éaé?&%? 8
shows a cross- s@ertiomaf the lewerside ofeeach kol dsla iovireatdrlal cohitabi 1})1[297.-
Conductors 168 rSi of ..t he .routi board 980 are electrically
separated from y&éfaﬁgﬁﬂ‘?ﬁ%}%@rﬁwg Oéieé‘feé’&acqg?@sf%wﬁgmwinh@ art5 board
980 and the heatinsienlof a bFdutinpeortpating idkr irsthalehh 0 Lhg: Ptk om chi p
180, the dielectric ‘%95 maty be an algrdj’lgéap. Clcher 'ge,n%ﬂ%é&?’e}{)‘é"@]{ri c 195
can conprise aS¥EERFSEMEREZIS at thg clongatedilearisi270 weuplealiresilyto at uppre boar d
980. In - a pl angktesdfbdEion ¥R 2 RaYd t al | i%iq?nti al . packages, as
shown, the spacing segments 584 pre%ﬁ |*§‘£ Oé\'/eé)f’gc g«?&tsé'rT‘t’hi ckness 881

than that of 20acmwenmhdgte l8genthiss hdvang higheneurf@ns (Sidnkr £88s offoghown in
584 | acks horizontal trace routing has

Figs. 7 & 8, each, spacing se t S
a thickness 8814 Tlazest hegioonk 40 if shoyen.aRifferentpait ¢oré@aratioms sorot her
=enbodi ment i ke jhibaalls haMbichIpdekSpesBre b the |ower chip 180 .
“extends |ower than th_Z botto% (gfg%eﬁer? e@?’ﬁ?%’?g‘it%?ﬁ%ﬁvaé‘?gﬁd’ard can
acconmodat e 1§uchorjungionpyith embiodimentasheeae seEigs. 508 & 1320, ar ge - enough to :
admt the body of thfx Iﬂy\&rm&haisq and i ,advant[%gequs for accomobdating
flat package | eads, & e¥SHi % {LEE Mrisuration diigringfroppthst shown in
cross-secti onal Fig. 2un tHresimpieshtdemifes. P8BS HORIL St upper _.chip 280
havi ng package | eads 279 that are | onger thané%eaFggocfgsH@eﬁaﬁégl%f t he
| ower chi p 180. PEshBRIMING3ye19I8P Heat lsperovidekspeinzBftearmeich@oweNOV 2003 WO
00/ 68996 -15 P ) 279.each havi an upper_side 268 and a
| oner side 267?&}&13[&%3%%\%3?1128 Lug%lrg? TERCE YHRET CORlFCtes %ﬂ’é’zgﬁ ¢herrPutegd is a
| ower exterial yothatatléibt @lrecessed portion 994 into which at least one chip 180

3
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protrudes. The recessed portion 994 can be bathtub-shaped for a chip 180
having terminals on four sides. Second, each layer of chips 180,280
comprises a plurality of chips. This is a valuable Space-saving feature not
compatible with some chip stacking systems. Third, the depicted routing
20  layer 980 includes a widened portion 996 wide enough to permit traces 968
that extend outside the footprint of any of the stacked chips 180,280 with at
most a minor increase in stacked device footprint size (i.e. less than about
5%). As shown, this widened portion 996 allows at least one trace 969 to be
relocated to an outer portion of the layer 980 (i.e., outside the nearest chip's
25 footprint). This, in turn, allows an upper-surface trace 968 to be used in
lieu of each lower-surface trace 168 of Fig, 7, removing the necessity for an
insulator between the routing layer 980 and the heat sink 780. With minor

modifications at most, one of ordinary skill could adapt any of these three

features for use with embodiments shown in any of Figs. 5-7 or 10-13 as
30  described herein.




—

Variations in the configurations of external |eads-are well known ' HOV 2003

art. Inlieu of a routing or spacing layer in the configuration of Fig.
9, lower 5 external contacts 291 of the elongated | eads 279 couple
directly tg,dadﬂmkbgper external contact 192 of a conductor of the | ower
package 180.  To ~accomodate | arger chi Ps; havi ng hi gher earvsssesoiy and/ or
| eads on four sides) a |arger heat sink ?80 is showmn. Different |ead
configurations for internally identical packages are optionally used to

sone advantage in 10FigoHj shewtsiagpartialiyexptbaeti Wewt &f 2SpQWRdIdRvih 9S- 5-8 &

12-20. Fig. 10 . t acki .n iguration differing fromthat shown in
% hr ccc iR WA Shipd 1608 : |

Fig. 7 in three | and tyetinterfaces 199298 emghr | Ses a

single piece reithpfignk ayRine8deld ' spaci ng between each
| ower conduct or 1%1- ?%8 and a nggggﬁ‘ %ygégégrﬂgiﬁgggf%?gﬁ-@mﬂ The .

routing 15 | ayefonsastoss (T}Oéah‘twbhéfheeﬁmsisgdhypﬁsm@ﬂ}he%glo_flﬁ@ermgch at | east

one chip 1805 pg d portion 994 can be bat ht ub-shaped
for a chip 180 dﬁﬁaé#%gafseerm g%g%gﬁﬁ?‘é‘ﬁg tapeged endsf88n Gpacing leyewyeee of

chi ps 180, 280  puefarablyesaraif pitureal inshecté cofpiiing Bty h; A’afi‘ﬁa“ae?'{s
space-savi ng feature g%% conpatible with sone ching stac?q ng Y& 8ns.
Third, the depilet&d 3t Hifis ABersd endyerndBavingceflate paste wirdempengedibi on 996

wi de enough t o &k Ebhtatt So 968 x{end, out si de the footprint of any
of the stacked chips 18 ,2800vmétha§tgﬁ{br]1§swagym’ﬁ8‘?‘ RS Blsanbp st acked

.devi ce foot pri rerraniged itio.agrid by solidtiars sl eq@Pinerealll Welrecbdllg W dened
portion 996{(ﬁl I o) a% Igast gneftrace 969 to be relocated to an outer
portion of the HAY8P838p° porissur H5esurh Ehat basveesflowt palleit $1.SDRFng 00t pri nt ) .
This, in turn, refib@hedtckRPEsably Re6rli" 08.L0 pe used in_ |ieu of
each | ower-surface trace 168 of Fiyfg. 7" ra%(rg%%\?%ﬁéestsﬁ%gﬁé wards or an
i nsul at or bet wéeffe@pplied by pflgnged plur@Boshindhe hike NA#er sdfldfy, (80scadilh M nor
nodi fi cati ons f._ordinary, skill could adapt any of these
three featur egée?l g;[rgg %%ne%q?émg%ﬁ@d'in%#gg ShoICing layieys af theirdapersd 7 or
10-13 as 30 demds.i bed herein. NOV 2003 WO 00/ 68996 -16 PCT/ US99/ 25015
Fig. 11 shmgs a partially exploded view of a stacked device conprising
three chi pst®180, 280 FB#2 8yt aeetared exaropls o1 99ta2B&H @@dke mounted on a

primary board 502 according to the present invention. In this embodiment,
IC dies are packaged in "leadless” chip carrier (LCC) packages 160,260, so
namgd because their conductors 101-158,182,191,192 do not protrude
significantly outside the basic shape of the body of the package. In Fig. 12,
20 the bottom LCC package 160 is tilted downward so that its top side 172 is
visible. A higher, stacked LCC package 1160 is tilted upward so that its
bottom side 1171 is visible, as are half of the 58 external lines 198 (lines
"external” to the package, half of which are shown schematically).
In Fig. 12, interface 199 may simply comprise solder between
25  conductor 101 and conductor 1101 and between each of the other 57
matched pairs of conductors of the two lower packages. Optionally, it may
include spacing layers and/ or heat sinks such as those shown in Fig. 7.
Optionally, the present invention includes a second stacked package 2160
identical to the lower packages 160,1160 having 58 open contacts on its top

30 surface 2172. The bottom LCC package 160 contains a die having internal




conprising a frame-shaped spacing | aver 880 fully populated w th verl iNGY 2003
conductors (not shown). The spacing | aver 880 of the upper interface 5 ‘
conpri ses assenbly tabs 888 having tapered ends 889. Spacing |ayers are
preferably manufactured in sheets conprising many individual |ayers 880

j oi ned at twepwesp¥per ed ends, and havi ng_refl ow paste screpuspesont ed to

each contact prior to stack assenbly. Ve~ bot t om chi ps 180 can be

arranged into a grid by robotic assenbly equi pnent, each in a recessed 10

portion 82 of acyaliky300tassles b§ Beddratin@inAfinds 109Tth PW0ALY . During
reflow, the staék ilgydesi?‘gﬁl y.?secur ed and conpr esseg g&/egipd%\%nward

force applied byonta¢ts ARyen the Rackege B RsY sutfarel7R end A tespedtivellomer t he

Tapored ends. - 1anag 1oy oh BRRRAEE ARl SRR TPt R Bh st ok B e
mounted on a pupNesphsaiad eafd2ncontact 18 of thelfliet dik 8RE Rh th@UENLoRBct | N

this enbodinent, |1C dies are packaged in "|eadless" chip carrier (LCC)
packages 1607?2682 afthe packagenscielses &Y extsrnal conings 19419258 the2, 191, 192

do not protrude,, §i.90i fal ¢20f s GUhS iRt ' of the body of the
package. In Fi g.pa%,%gzo ?%e bottom Lmrpg%@ggblﬁgggﬁgfﬁc tcgaglgomward SO
that its top si deedfi2td scorespoiding conthitGa2 on tisd prinatly béaedpezkage 1160 is
tilted upward so that .i ottomside 1171 is _visible, as are half of the

It
58 external |i né’épli’é‘gd(hef%g‘owe@ﬁ‘i'érsml'“ ef RElopucg extgEnal gamtacts A%hi ch ar e

'shoun schemat i caf inpbotiofh FEQ ak@opti ey hAESrkOSAMBLLSE BRIy gy S0l der
"bet ween 25 conductorO 101 anczil cg}?]ductgr 1101 angg%t}altsd\%ve r?\ég%%kgg%e ot her .

57 mat ched1Pai reuméd tondietectniasifort the primary boad 502cKegaples Gptshomal |y, it

may i nclude spagi,ng | aver inks such as those shown in Fig.
7 pti onal |y, PPRE ssPugefet T Bl 330, R Mifel i oedivhe Hoanadte st kage
2160 | denti cal tidpihin hoekionatkagqserkfrdd SGnb YA BfeRGN contact s on
its top 30 surface 2172. The bottom LCC package 160 contains a die having

internal - 6 NOvPtowslnertyoa eB0Te mare copgingybetyeesehip cindagtars havifg
coupl ed by seveal 0 baalivk 1988 ol GIREGLLMEIRPRED OBt EL S 102 on

t he package's upp%’r surface and to respective 191 on
the package1s | aweriosefrthebeartiBb2 uibasvioch theesekdédd@naak mhduigad. 197

conprises an extern all’re(f:e?zrxlélg,céac}ln %%cl?:j getl E()e,lfgorchgtagiseat ?erallcsit gx?e Lr?c%%gcid contact

contact 189,1189 outside the internal circuitry 100,1100 of dies inside the
package. In a typical case, as explicitly shown for package 1160, either a
package conductor 1134 or an internal circuit line 1186 will be electrically

20  coupled to one side of each unconnected contact 1189. Unconnected
contacts 189,1189 may be a pért of the die (such as a bonding pad to which
no bond wire is attached) or a part of the package (such as a bond finger to
which no bond wire is attached). As explained below, appropriate use of
unconnected contacts allows performance enhancements and ease of

25 manufacture not previously available.

It should be understood that many contacts 181,182,189 inside the

package 160 are not shown in Fig. 12, nor are conductors that may couple

an unconnected contact 189 electrically to either external contacts 191,192

or to internal circuitry 100. Unconnected contacts 189,1189 and the




5 182 of the package, as well as the two external Cont'facts '191‘1,51‘9:2"61‘&%‘2@3

package. At |least half of the | ower external contacts 191 each couple
directly to a correspondi ng contact 592 on the primary board 502. As

expl ai ned ‘%gl o however, a small nunber of |ower external contacts 191
of the botTSAYEE are optionally unconnegged, such as by HESNG Physical |y
10 coupled to a dielectric 590 on the primary board 502. Exanples are
shown bel ow conductors 130, 146 & 150. As shown at conductors 146 and 1146 °
of the presentconfyetnrs torwhish thelyiane aached bty @snrobnlyhallpd es@énriegent i on
optionally feat. L Qpe ore nore coupl i ngs between chi p conductors having
very -l ow capacative l'oads by virtue of being electrically isolated from
the 15 interior of tAhohgREOMBOR HEE ciitb@h 181 a$ b HheOn IRV L& nkTOuUNt ed.
Preferably, each package 160, 1160 contains at | east one unconnected .
contact 189, 11@@9'2%@’1'“&&0{%‘1"%@? citatlly (jre-1 @nileborothedkesiot nsi de

‘t he ackage. | i | Cl sho for package 1160,
P 0 o) e AUPICAh $83Gge 380 SRV EM bRy Decen BRI | be

either a package con
el ectrical |y 2Govespingiing inteme! Sictiétrpl0teathounoarepsidifl paatpet 1189.
Unconnected cont acttrﬁzﬁg, 1189 rrar}é%tbe a ,gart of the die (such as a bonding
pad to which £8"86 i 8OTNE CUTHHYARE b advVpnipgedrs tohavp goragmotesuch as
a bond finger tiger it N8sRaAkM é‘da@ctﬁ&tl@%‘%%o /%ﬁor%ﬁﬁ'cf%‘é ned bel ow,

| ows perfr C

appropriate use of unconnected contacts al or mance &thancenent s

“»and ease of 2%onmeaflat k€. not previously available. It should be .

G

" under st ood ,t.hat many. cont.acts 181, 182, 189 inside the package 160 are not
18. 12 ks % Femf

shown in Fi TN LEFHR fonAsGernimg S subiableraskagsct ed

contact 189 el ek FbCagivin b& Fichipeito BXHREINA, eSHRBARG LiSerhPhor 192.sirffiart ©
internal circuitry 10%‘. Unconneig)fged cont act 5%89,?11889 ané thgl%rom 68996

PCTI US99/ 25015 chips 8Cirsles 69,6169 eaeh yriresent hpyckage and eadhbd ima eirdonmon| y
call ed "no-con S (| r Il t hough sone of the die contacts 181
may be unconneggp(e}%f%&t)sn% ébc dgﬁt%§§te§@51g Vrvrggjt“ aoﬁorfeﬁgoﬂ‘?(‘f‘grpﬁélfaﬁﬁ %B®nt act s
181 (i.e., avaii#hlseonfiriswhe@sh@idtors thht extenidiftobdth pabk£36 le@BGlage 160
are typically coupled electrically to both the corrfrespondi ng internal

circuitry 190 gﬁ@”l”bg that fryrteehdnisranllysapreried paskege coriBRtorsn some
circunstances, 1blt,ld8,511§,qf{@;'i'i7%9ﬁ9ﬂ§,1§9,15@1’3%,1%@34811Sdﬁgfare each coupled to

a corresponding internally connected package conductor in Fig. 12, these
fourteen couplings are each shown as an "x" in intersection zone 21.
Similarly, thirteen other connectors coupled to chip 160 but not to chip 1160
20 areeach shown as an "x" in zone 11. A careful review of either Figs. 12 or
13 will thus show that a total of twenty-seven package conductors of chip
160 are internally connected (to internal circuitry 100 within chip 160). As
explained above, some aspects of the present invention are directed to
individual signal coupling--changing the connectivity of chips 160,1160
25  initially having "exclusive” zones 11 and 22 empty.
Fig. 14 shows a Venn diagram like that of Fig. 13 adapted for
coupling more than two layers. As shown, Fig. 14 is adapted to show how
a stack of three dissimilar chips 160,1160,2160 can be configured in a
substantially non-parallel configuration consistent with Fig. 12. As shown,

30  the third circle 2000 represents a top chip 2160. Ten conductors in zone 44




internal |ines 1185 each coupled electrically to two or nore-package: ... .= .~
contacts 1116,1117. 10 Fig. 13 shows a Venn di agram for ascertai ni ng BaNOV 2003
sui t abl e package size for a given set of chips to be stacked, especially
useful for less-simlar chips. GCrcles 160, 1160 each represent a package
and each "XOW826circle represents a cgnduct or _ext endi Farussb/srs |

correspondi ng package. Zone 21 thus coft’ai ns the conductors that extend

into both packages 160,1160. 15 Recalling that fourteen internally

connect ed packageshkoed by tibtisree chips, and the zone 21 shared b y the lower
101, 108, 111, 114 1176&3@ 119,125,130, 133, 138, 146, 150,).'LgléLl are each coupl ed
to a corresporifsdePA e Eeiinging Sheindechip E603 hes onlyduat womiposikd'g. 12,

these fourteerRcs@uibisNGs c&icfa1Ca% *X" in intersection zone
21. Sinmilarly, thi rteen Bther’ coﬁﬁg@?grag’i‘]z%a 0Q jepissetts ¢ithes @ divier not t o

.chip 1160 20 amsotherlyshbawingselentively pronideareplkhar Lofadielith 456V ew of |
either Fi gSg 1% %r atl wll thus show that a total of twenty-seven package
conductors df &R 5r 980" ar e internally connected (to internal circuitry

100 wi thin chip 160Fig. st AitRedd FRONE of i s Lhe present
invention are directed to _individual si Sna chegWQ?‘?\‘ée-“é‘ﬁ%ﬁa’i"ﬁ‘d the
connectivity ofimiirse thetof Kiged2, teshingja dhap Hifferentiating @ppebathi ve' zones 11

and 22 enpty. H : di.agram | i ke that of Fig. 13 adapted
for coupling %‘%eru%%gnp?%o?%&g%@kgg§ﬂ8\§€}ﬁheﬁ?ﬁf"fib4@§°’awg<ﬂ to show

< thow a stack othipliiffereressiugttdrali W60 ol S0nel60aG L DR igaglagired

a substanthal |y non-parallel configuration consisten N2, As
shown, 30 the BMtET of desagn dinigs fpepreefartdinaay slof tolpirpvidd 6@tablen conduct or s

in zone 44 WO A . =19 are shared ~all three chips,
and the zone Z%L}Qésrﬁglrgégugt?-g%ﬁg%f etq’lj%ﬁleorf%heéﬁidb%erfﬁfﬁsi ig)é‘e(]@?dﬁﬂﬂﬁl%g thg

third chip 2168}tonags @hl190,fwehith taobasi sfahe n6ATEIHEI QK racd GeggRer al , each
circle 160, 1160, 2000 represents either a die or anothe% ayer having

sel ectively pr SRR TEAEHEP 28 8 fassemodifind elament. Mordysrefeasldy 582. Fig. 15

shows a st ackefbglewiaedhin EREROMVESE i ntj onmewhat imlar to that
of Fig. 12, teachi ng}ﬁaechi p di ffere%ﬁgﬁ\éﬁ&t‘g g}eoa% .CEE?EEE‘Fﬁg%ﬁeS are

known for #et elinki-igcamsisobe pheoposte lighisenativ @corpehdson aliite @i f f er ences

taught herein. us)évdtin c;[:)r%%nc lodn Q/Ithtabz e%?l& %g&glggg(s)\’ferl. t s merely

As depicted, die 1100 and package 1160 are substantially identical to
die 100 and 160, respectively. In one embodiment, the depicted stacked
device can function because the storage cells 190,1190 are cohfigured

20  differently. Inanother, an unconnected contacts 189,1189 present in one
chip is absent in each other chip in the stack.

VFig. 16 shows an inventive configuration of unconnected contacts

189,289 for individual signal coupling to each chip of a 2-layer stacked
device (i.e. one having two layers of chips). It is substantially consistent

25  with Fig. 15 as explained above, but depicts external contacts 191,192 set
back from the sides 163 of the packages 160,260. Integrated circuit die 170
having internal circuitry 100 is mounted inside bottom IC package 160.
Within the bottom package 160, internal lines 197 each comprises couplings

between external contacts 191,192 and internal contacts 182 of the package

30 160, bond wires 183, contacts 181 on the die 170, and a portion of a signal




"~ 'signal WD 00/ 68996 PCI/ US9925015 -20 trace

10 a matter of design choice for one of ordinary skill tfo:*p‘ric‘;vid’g*ﬁW%‘?‘{'.,
internal circuitry responsive to any of these differences. IC die 3
includes a storage cell 190, which can be any of the nonvolatile storage

devices known in the art such as a | aser-nodi f+ed el ement. Mre

pref er abl YOO¥E39%6 190 conpri ses an EEPROM or ot her readcanisyssseizory cel |

or a fusible 15 link. It can al so be ont-or nore i ght-sensitive

conponents on the I1C die wused in conjunction with a clear |C package

cover. As depitdcethaddictinidl e inReh & 1546 st gnt i_gl i dentical
to die 100 and 160, rgggpecti vely. In one en&ocg{]%rr%%%?”‘%'ﬁfgg' ept}%'taé’d st acked .
devi ce can furincperecirskeniast 18withiy thgdottei packogk, T6DIelackicaldpf i gured 20

differently. | .uncon ted.cqoptacts 189, 1189 present in one
chipis absentcia}]ﬁiggtégﬁ{tgﬁgggwgﬁ%qls@bt“ﬁg Oggw.seﬁgpﬁ?atﬁ OBh#s an i nventive

confi gurati on extertilconREGUOL19DBY atdrge dief@td8ga Or i ndi vi dual si gnal
‘coupling to each chip of a 2-layer stacked dévice (i.e. one having two
| ayers of chips). Pebstantialiyddentiabintsgratsdsirsuisdie 276 iswittilarlyy. 15 as :
expl ai ned abovgey,htd i S6R &b . 91,192 pack fromthe
si des 163 of the packages 1%8?%%3@#%8%#%?%#%%%aéog%ﬁﬁ havi ng
i nternal circuptmetetORiths differentbondwirdechfigiativh Qrpgtkeshr k0. Wthin
t he bottom packa%mg, ipt ggébal i nes 197 each conprises couplings
bet ween ext er ARFORNSHEES PBTEH487gvthe ipPer dier378iis polskizestly abeve of t he package
230 160, bond Wnt&sheded contiet B8t 8 1ol orti.on of a .
‘ 3996 PCT/ U &Bcél@@w?%ecgg.i Fh’lg‘?f‘?’%ﬁ% ?}hegmfon T nal
ci rcui t ry 1000 179,270 identisalemd are Bsspmbl&l irhidentdal sthcled hed contact 189

within the bo ack 160 j.s . electricall .coupled to internal

circuitry 100?1%@%%0%? g%ﬁé"r"ﬂ%%“&%‘b‘if%f%gﬂ‘ YﬁFO?‘é%?f%}ﬂal contacts

191,192 by a kaxepontiflgaetifémic@PduccsHekehablsiogl by t}i\éj&'pr— a?elr %J,gﬂt egrat ed
y

circuit die 270 is simlarly nounted inside substantia enti cal
st acked | C padrRegee 260having andntemnh sertretdf whnducordid cenplet! tbaridstwi r e

configuration, I » il unconn d contact 289 _on the upper
die 270 is not ocflg Crtg)gHR %ﬁféh%éthegﬁlggﬁaég?%eﬁgﬁyg&a PEFSBPNYIRG | dent i cal
| ower di e15Pr aftemabtontadt bf conttucetira2 touplé t2 7R seéchd @Rbidt 6alheand are

assenbled in identical stacked packages 160,260, one die having first and
second succes$&PRA difyilgathergards, each of the identical dice 170,270 desirably has

an unconnected contact 189,289 that is offset from (i.e., does not correspond
to) the unconnected contact 289,189 of the other chip. In a more preferred
embodiment, successive contacts 181,281 of two identical dice 170,270 are
20 coupled together through an inverter 541,542 in the internal circuitry of
each die.
Fig. 17 shows another inventive configuration of unconnected
~ contacts 189,289 for differentiating the chips of a stacked device,
substantially consistent with Fig. 15 as explained above. In Fig. 17, the chip
25  interface 199 comprises a spacing layer 880, which allows air flow and/or
heat sink structures between packages 160,260. The depicted spacing layer
880 comprises vertical conductors 893 coupling upper contacts 892 each to
- alower contact 891. At least some lower contacts 291 of the upper package

260 couple directly to upper contacts 892 of the spacing layer 880. At least

30  oneis unconnected, though, directly coupling only to a dielectric region




- corresponding to identical successive contacts 281 on the other diea_ﬁnﬁf{] '
‘package 160 having an internal contact of conductor 142 coupled to a Pi QY 2003
. contact of the first die, the other package 260 having a correspondi ng 15

internal cqontact of conductor 242 coupled to the second contact of the

second di e.YPRYS™er words, each of the identical dice 12@raigdrdasirably

has an unconnected contact 189, 289 that ¥% of f set from(i.e., does not

correspond to) the unconnected contact 289,189 of the other chip. In a

nore preferred 880rbbitte spater 880ICASEIIWE 16WRE Ak Setlfoh- of, two identical
dice 170,270 are 20 co t oget her through an sllﬁgéeor%t%é%ea%tsz,mﬂz in the

upl ed
i nternal circui PRY<3SE Co’g‘é‘&%"ﬁi 0,112 gre sirpilaip vonfmuoéd e difecedtiuptiflg
confi guration ob;UNcHARGE BGardsent acts 189,289 for differentiating the
chips of a stacked device, substantially consistent with Fig. 15 as

expl ai ned above. | n Figgl? di%o shdves fiisible Rfks 186087, 28628V AMPL 11565, B SPaci ng
1 aver 880, V\@i c a‘?l I 21\'% :7@ ; w ani? or heat sink structures between
packages 1607260 i 88 fahasditigEent soRiiguraion efduped sks. dant i cal

conductors 893 paigrédfhetRRES thOBLACASINIA%; .a lower contact 891.
At |east some Igwer contact s 29190f the %g%%?gggg%gdgen?\é@yé%}w@ddi rectly

to upper cont actsdBearepackpgedspad tlagricaljyecofed idthtid-B9ricto %ﬂﬁvihg

unconnected, th di . upling.only to a djeléectric regioh WO

00/ 68996 -21- P ‘9%8%@@5‘% P%Pd&“%témsqb‘gf@éflﬂeséhe yarietiofn, | ower

“contacts 191 of caxhpdremsd thabiRist REEKAGH/NEQS are si.mlarl N
, p st aglsag n@@ﬂdﬁ@w@?d%?%g ind 3 y

“confi gured f(gr di rect _couplin wth a primry €37 al so
shows fusibf® | §d1§8§eﬁ8eﬁ,t?g‘8?98ﬁlempehami bvarpatksed devidaghreeach die

170, 270 has a dj ept. ncanf | on of fused links. In a referred
met hod of the p‘%rgéstg?ft ﬂiaélvﬁétg#{gﬁg%% 4T 1155 edrinshewn inks spp }%e Blasen |1 C
di ce are packagdarnd febrawigasitions CBAN & hadeNkid hl Yoihflude bl owi ng
the links. This faci Iltatesﬁ‘é)égﬁ)ict,lon 6(t:zf@redgm ng the vatiety of
conponent s t hat “ORHEEopguch? Sk 1§6:386rnf Figr 17 d &k bepstiggihe time at 10
whi ch di fferencess ARGE I .packaged devices are
created. If all -or-gﬁ%%tﬂﬁ)?%gh?iﬁﬁﬁs ar ggél}gé'vd}?evr\ﬁié &\fd‘“g’ﬁ%?\ﬂﬁ?yqyﬁkssmé% be
blown in aly oftadkodn FigA¥iigmegttieargardbdchatdbme paskaak theRnhlsa9€212

i 17

configuration conductar s a fusible link 186,286 of Fig. 17. At
least log2 L cShficgtp gf%ﬂ%o“&b‘?&ﬁ@éh%“d%ﬂ’}d% eigaal cauplingdeimgnber  of
| ayers in the achievable with only logz 2 = one fusible link 186,286 on each die, for a two-
layer stack. One embodiment of the present invention thus omits the extra
link 187,287 on each die. It is advantageous to have such extra links,
20 howéver, as the identical dice 170,270 can be packaged and'maintained in
an inventory without deciding whether they are to be used in stacks of 2,3,
or 4 layers until the stacked device is about to be assembled.
Fig. 18 shows a flowchart of a method of the present invention
compatible with Fig. 17. Chips to be stacked are built 1820 with a
25 ' nonvolatile configuration element. This can be a cell 190 as discussed
above with reference to Fig. 15, a fusible link 186 as explained above with

reference to Fig. 17, or a similar item known in the art. Preferably, the

selected element is of a type that is readily modified without mechanical

operations such as bending, soldering, or cutting. Many nonvolatile




15 stack. In Fig. ‘17, it may be regarded that sone package terminals § NOV 2003
112,212 have extra |links 187,287 coupled to them i ndividual signal
coupling being achievable with only log2 2 = one fusible |ink 186,286 on
each die, vt«?[; /@9& wo- | aver stack. One enbodi ment of the present invention
thus omts Ot¥E%Exira |ink 187, 287 on ggch die. It is BEVHAR§86us to
have such extra |inks, 20 however, as the identical dice 170,270 can be
packaged and maintained in an inventory w thout deciding whether they are .
to be used in steawis rspoRsive,to salid stategyrogmnifiirig mbihods hACKRGIBRVILCE S
about to be assgnbc{ e%. Fiegl.b' 18 shows a flowchart of a method of the
pr esent i nvent PERAYC ’Fﬁ?ﬁ?i le with Fig. 17. Chips to be stacked are built
1820 with a 25 nonvDheihterRalGhns AW ArisBls - hS.can b el 190
as discussed above wth refgirﬁence tgisgi&flle?g?é%e?%%(ﬁ%@ﬁenﬁ%%é as )
expl ai ned abov&eViF i asjeathleb A0 as dewirtbed BPover inreiemibatimieht Pakiagen in the

‘art. Preferabl . el i,S,,0f type that is readily

modi fi ed wi hoé?nélngc r%ﬁis}c‘gg E'%gdﬁecr"ﬁﬁ?gﬁgc}éﬁﬁe gsplséﬂdmfgss- dofldbmiang, or
cutting. Many swacdvof mbidthaﬂ%@@la@&%%su%anﬂ%@ﬁ&@%?é@ég el ement's
responsive to solid state prog]a,rrm' ng net hods are avallable, as already
di scussed. The i nt Efggirmghagk &nkigatt, @ pregragumingeonduitbi #1,2830r aath t he
stacked devi cgsins ASSEIM@beb84 d Lbed above. |In one enbodi nent,
package 5 conduct gras %avi ng Gng_%ée éo’ﬁ?’gécf%nf‘gﬁ’a?’oﬁﬁﬂ?ét ‘lfég?li”feéﬁmi n Figs.

7 -12) in a stokndén povidesiside dohtaes tbayripsaamisgbsidrtadline i denti cal .

Y chi ps. Referring back to Fig.. 17, a programm ng conductor 111,211 for each
of the pac ié\g eg‘%fgﬁc%b‘)fi sélcg ﬁﬁéﬁ?mﬂc"ﬁ Mg knepveingbeiardnBidefcontaetspr esent

| nvent i on_pr oviges &l BANAGLStRfoR QAR I fonduct °§osa<the 10
n .

construction of such side contacts being known ‘i &“9rt§°2si de contacts

can be used i nptdggamuinglgge on onlytonepacioreac b sinte) oPath AspRaGHARFerd © A

programm ng lipe.on_anly. one age at_a time, or with a spacing |ayer

having a di el.eg?vﬂ%a%beﬁ%%ﬁo’geﬁ’g’h Sich Ffat ?}Jfl-!*lgﬂg?: Fpya siagk of setesglk of

several | ayergyéds of itsstaaitiallfhdohticHI bsC lodsh)! ol g gt ep 1830 of
y g p o?ﬂ?irgsstn tﬂﬁe'i’ﬂﬁoa@ﬁ? 3

Fig. 18 15 preferably conprises differentiat chips ' ?n each
verti cal | ylal i preéaraklycompsiserdidfiaramtipting)themhipsineactduetioally aligneainet her

e ol M A g 20ke, W L1 spactna Tavers exactly
In another embodiment, three identical chips are stacked with

spacing layers exactly consistently with Fig. 17 (the second spacer layer
and third stacked chip not shown). A stacked device of this embodiment is

20  desirably stacked (assembled) 1840 before the internal chip characteristics
are modified 1830. Advantageously, this removes the necessity of tracking
which chip is which until after the stacks are assembled. The bottom die
170 is differentiated from the others 270,370 by providing a large current
between conductors 110 & 111, thus blowing link 186. The top die 370 is

25  differentiated from the others 170,270 by blowing a link coupled to package
conductor 312. After at least part of the chip differentiation 1830 and the
assemnbly 1840, the stacked device is ready to be installed 1850 onto a

substrate.

Fig. 19 shows another flowchart of the present invention compatible

30  with Figs. 15,16 & 20. Dies are mounted into packages 1920 without being




“and third stacked chip not shown). A stacked device-of this enbodi meng NGV 2003
20 desirably stacked (assenbl ed) 1840 before the internal chip

characteristics are nodified 1830. Advantageously, this renoves the

necessity of tracking which chip is which until after the stacks are
assenbl ed. YPHEBft om die 170 is differentiated from t heciaidIes®;s270; 370
by providing a large current between ctiduct ors 110 & 111, thus bl owi ng

link 186. The top die 370 is 25 differentiated fromthe others 170, 270 by

bl owi ng a | i nk differphitided,ahfs: arGAUNGLG _After, at |east part of
the chip differentiatjon 1%30 and the .asse%ﬁﬁ&fﬁ&mqlﬁé st acked device
is ready to bePREIRIEY A BES conduit eonfigubationais esedridy. inst AR Q¥R AROL her

flowchart of tRgoRh i i ible 30 with Figs. 15,16 & 20.
Dies are mounted | nf%%ggacd&(gé§2§3fgt§68§ﬁE%%?ecﬁﬁa%CW‘Uﬁ)P% edirstaie.

PCTI US99/ 7. 5015oinsfallingronduits intb Hiesseterid parknge 1948, - SP6aRL898,0f the

‘principle og o nat%i t%i[fFA fi.rst _conduit configuration is used for
i nstal |ing Bon&Ui et GHEHRt fiomsthe fisiiageeds 986 differcotipting thahgcessar y

contacts of thaffek feke His@llatibRS, 1ot @ihd duids into the second
package 1940, a second conduit 5 con |%uér}gf%§%ecgﬁ@erent fromthe first is -

used, thus differ enkigaRlishgwsiseverhl pronnatédtoritiesesd suiamblati ons, the IC

chips are stackegd: [ 20 shows several unconnected contacts
189, 289, 389 | ng‘gg’gq’g‘;ni&u 'g‘grtg‘t’ PEReU Y ko caawatiblevish FigA9 epdpsatibed e Wi t h

"3 Fig. 19 as desabdvesith a Bhagwestadk) 1ate3rdtaY Bhct ated circuit dice .
170, 270, 3780 are packaged 10 i nsi de%lr‘e_specti v‘gig%(%r{dégr te&r%P‘?(%ﬁg‘E‘Ppackages
160, 260, 368 UBISEIe TesPeet trantegzaind sirewt Bedagés 160:260,8p0DTppaixReRG0 are al |

physical |y sepaal I t.h b ielectric gaps 396 and a
conpl et e di el ect riag&bcgféz\?gr@aé;%@r%ogg 152.&0 %h}é@ﬂcﬂﬁ‘yélcaﬂbé@aﬁﬁddém pmg 585 |ike

that shown i n diagler b§ delbetritigpps 39ErRY N\ @mSiefat ; 292 _of .| ower chips
180, 280 are |ikew sg segar at ggpb 15 di glqgct rc?‘glggtgggg‘iﬁgi%a@%?h,asbut have
external |ines?i982 9g¥s F%ﬁ‘i’%&]&%%*elﬂ@ﬁhovvp@n Figsf 4 &5 Upperespondi ng

di el ectric covskdmbl coftd-tsalorbbs n ctures described above wll
be understood to one of ordi na?@gg\%ﬁﬁipg%g‘i’% aafFE‘f%e‘é’ﬁ'ﬁsmPt?déWabl e the

practice of° t flielgeizic gaps 196R96nbutdraveiettomal iHAOLYS, 208 LY 'IJE?rgg ?ttI%a%P' It is to
be under st ood hf’%f even 20 thou 5 Qegrrer ous characteristics’ and advant ages
A fre ‘%’}?2“% ¥

of various enBodi WeRt $OTEFP HiC SONGBRE-i on have been set forth in

t he foregoi ng desc Wllp:tfitﬂé\steps and structures described above will be understood to
one of ordinary skill in the art, and would enable the practice of the present
invention without undue experimentation. It is to be understood that even

20  though numerous characteristics and advantages of variéus embodiments
of f:he present invention have been set forth in the foregoing description,
together with details of the structure and function of various embodiments
of the invention, this disclosure is illustrative only. Changes may be made
in the details, especially in matters of structure and arrangément of parts

25  within the principles of the present invention to the full extent indicated by
the broad general meaning of the terms in which the appended claims are
expressed. For example, the particular elements may vary depending on
the particular application for the present system while maintaining

substantially the same functionality, without departing from the scope and

30 spirit of the present invention. In addition, althou gh the preferred




together with details of the structure and function of Vari‘ouS~~e'nbodi*m¢;2003
of the invention, this disclosure is illustrative only. Changes nay be
made in the details, especially in matters of structure and arrangenent

of parts oedegd N the principles of the present inventj he full
extent in icat6ed by the broad general pganing of the t%‘?‘g%§9i9'ﬁ§°6\§e1i ch the

appended clains are expressed. For exanple, the particular el enments my
vary depending on the particular application for the present systemwhile.
mai nt ai ni ng suBbediments deserikedsharaintarp largelalitecied toirichensingldpardal ng f r om

the proferred SeRiBLEGY < Qa ohE ABARFE i KRN Birs cBo S et foanc s
descri bed her etackadeleviesy @ willdier apgiredated byrthogailig ih MRe irt@kfahe density

of PCB s and the sinplifying the manufacture of conponents for stacked.
devices, it wi ‘ie?dB'ég%é{%B "g?’gdnw‘tf%‘s‘*@ beiapplied to imprewe gthert hat t he

“teachings of th&fdHRSENsPePY SRIHRR depRiS BRRH hFRL2N G Blher S
per f or mance as ects_vvithggt departi ng fr‘gmt eth(g%ggga}é‘ggﬁg%i%;?}e of the -
present inventpmeentToventionari ze a nmethod of the present invention, a |ayer

of chip(s) 280,38Q.is placed directly,on the floor 81,82, 83 of an
assenbly fixture. Osélggrg?rﬁzge aarﬁl&';}b? ?%lt}]f PR eMLPX Ity 2 daieT oE chipd e d

directly on t hesomsoissihcedlire@} cA%Be Boot HESLH MQasséﬂﬂvQ&ré’l@gﬁ onal
| ayer of chip(s) 180,280 is placed directly on the [ayer 584,880. After

bondi ng the | ajpeFiegsnEACREUSREdRY TS84 83QisIplaved 28 mctly he thet aritads devi ce 580 |
" made by th i i 270 | th
T rurs, AR b uRRAT an bBB AR BUHS SO Rl e

fixture. Another f1ses nountl y be 15

simlar or idedlii*édt:l&bh&QI@eﬂWS‘\fﬁ%ﬂﬁ&g(tW@ﬂ?@rWh%SQsQ]%e§i mlar or
identical). The chips 180,280 nade by this method are differentiated
either by ins%eélpwﬁésréh%lﬁtﬁ?]@tdé?ﬁw ingreley e rdthedischyitionalip40 (e. g.

bond wires 183teft@89%%)5e?91@r}%915§aﬂ@§)§3%9EiQtu? ch or by otherw se nodifying
c

their electrica aracteristics such as by blowing a link 186 or
by programnmi ng a 20\reehér r@bpd comgiraks mognhg fes 196270140 mMaydef f er by
stmply having ong.ng: identical) into packages 160,260 (which may also be similar or
identical). The chips 180,280 made by this method are differentiated either
by installing a different configuration of conduits 1940 (e.g. bond wires 183
and no-connects 189) into each or by otherwise modifying their electrical
characteristics 1830 (such as by blowing a link 186 or by programming a
20 cell 190). Installing steps 1930,1940 may differ by simply having one no-
connect 189 horizontally offset from another 289.

' In another method, a substrate 503 is built having many conductive
contacts 592 and many internal traces 568. A stacked device 580,582 is
assembled with several substantially coplanar conductive contacts 191.

25 Some of the device contacts 191 are physically coupled to contacts 592 on
the substrate, but at least one of the device contacts 191 is electrically

isolated from all of the internal traces 568, such as by providing a dielectric

region 590 coplanar with the substrate contacts 592 and aligned with at

least one device contact 191.




connect- 189 hori zontal 'y of fset fromanother 289. '|n-another rrE:t*hod,“*g Doy
substrate 503 is built having many conductive contacts 592 and many NOV 2003
internal traces 568. A stacked device 58"82 is assenbled with several

- substantially coplanar conductive contacts 191. 25 Sone of the device
contacts 1W®é odEsedohysi cally coupled to contacts 592 on pdiisbedaplst at e, but
at |l east one of the device contacts 191-%5s electrically isolated fromall
of the internal traces 568, such as by providing a dielectric region 590

coplanar with the substrate.conta 2 _an ned with at _|east one

devi ce contact 191. B% ?ﬂgﬁg%ea%%ﬁ%ﬁfﬂﬁg? Vt%ﬁl’ihé%%e Hedle by each of

t hese met hods @fru&'ta)/édﬂgaldﬂieﬁnlbcﬁﬁhkﬁ@ofﬂierp&%éﬁt%\@hﬁoﬁl SReRUPRALYIENt S Of

the present invention. One_such device includes top and bottom

rectangul ar padichedes t%@@@@“@%ﬁcm@ilﬂ’gp%ﬂi%es 0260 bashdwvimpguli:di ng

outward and do q§§‘ S for sically
Eeng Br ot dmg%‘aﬁxraljﬁ dsdo arfd éom el %g%,b

.coupling the I as ta optlon SI ng two .
el ongat ed pbi nhminsfqrq:hymcbﬁ))acmlp(li?@B)le keagmrﬁmv:dwés bﬂigweeﬂmtéﬁe | eads of '
the top and bottomgg}ckgges.. ns for electrically cou}gl ing the | eads
is |ikew se taQgHP" ‘?féﬁ“i‘%“?’% CngRtRY PERtsd drcupdoardidiGB)sagmENnts| r cui t
traces within ts@@bé%@%eﬁmaassoﬁﬁéto ar@iwnggg% geé\'wn?e%% for26 d ains

What is clainmed is: A nmet hod of stacking'c by p05| i oni ng. at

| east two. chi peleaty@aléy coummg thn leads enltleyvife taughtpopidorpilyshdgdingfdneor, each

o | f .
*posi tioning a PrPere BB e M RaTRe e TP BORRS Y posi Lioning &

first spacer layer on the first chip layer; 10 (c) positioning at |east
one additional chip |ayer over the spacer |ayer; (d) coupling the |ayers
t oget her; and ,

]




| . . - t? NOV 2003
(e) renoving the coupled |l ayers fromthe assenbly fixture, the coupled
| ayers conprising at |east one stacked device. 15 2. A stacked devi ce nade
by the nethod of claiml1. 3. A nethod of stacking simlar, packaged first
and second dies conprising steps of: 20 (a) nounting at |east one of the
first dies into a first package; (b) installing several electrical .
conduits into the first package in a first conduit configuration; (c)
nounting at |east one of the second dies into a second package; 25 (d) -
installing several electrical conduits into the second package in a
second.conduit configuration different fromthe first- configuration so
that the nmounting step (c) is conpleted hefore the .installing step (d) is
conpl eted; and (e) electrically coupling the first package to the second
package 30 to form a stacked devi ce. NDED SHEET WO 00/ 68996
PCT/ US99/ 25015 -27 4. The nethod of cl a3 in which only one of the
first dies is stangeisclihddign! y one of the second dies, the first and
second dies being substantially identical, each die having internal
circuitry and a set ‘'of a nomnal contact |ocations relative to the
circuitry, the first set of 5 noninal.lg;atans containingg{he second set

of noni nal Iocéti%ns;ﬁﬁe‘hﬂﬂ%ﬁam Rgutioning atleast fwochiplayers -,

interior and each di e jnhRfhiseinBl FxGHE Edh Y Mok, eabNaydicompasiag a0l t he
conduits is a bond wre coupling one ofpthe di e cont a%?s tg one of the

interior contacts; i feagianeshiprthe methodsompesing steps ofnd (d) each conprise a
step of coupling 10 sgzperﬁdésmgﬁllg\ymﬁ% r Qiré@G oh ¥hd floopne of the die
the 1 nteri [

contacts and to one Interior contdcts; ih which installing step
(b) results in a firsib) seposigioningatizstspacgelayer on/thefinst chip lryercoupl ed. t.hat

define the figgt condyjt S hd afleha s ;AP iHRd lab B bvel @R shdler F€SUl t'S
in a second sg§ of cg‘ht ac@ém%glgﬁa ef‘%cﬁ?&gﬁy %Syﬁﬁm slgefi ne the
second conduit layer;

~ (d) coupling the layers together; and

}

~’

(e) removing the coupled layers from the assembly fixture, the
coﬁpled layers comprising at least one stacked device.
15
2, A stacked device made by the method of claim 1.

3. A method of stacking similar, packaged first and second dies
comprising steps of:

20 (@  mounting at least one of the first dies into a first package;
(b) installing several electrical conduits into the first package m a
first conduit configuration;

(c)  mounting at least one of the second dies into a second
package;

25 (d) installing several electrical conduits into the second package
in a second conduit configuration different from the first
configuration so that the mounting step (c) is completed before the
installing step (d) is completed; and
(e) electrically coupling the first package to the second package

30 to form a stacked device.

AMENDED SHEET



15 configuration. '5; A stacked devi ce made by the nethod of-claim 3‘66NC& 20“3
met hod of making a stacked device conprising at least a first 20

integrated circuit (1C) die and a second IC die, conprising steps of: (a)
building a first 1C chip having the first die in a first package; (b)

bui | di ng a¥S&¥SHY | C chi p having the segond die in a se?SAISHReRage, the
second die being identical to the first“die, the second package being
internally identical to the first package; 25 (c) sealing the packages;

(d) nodifying 4he elfleahethodlof clai 3Gk hicH 618§ ofb ofthel (A86EIes R tked N
chips; and (e) electrically cqupling the first chip to the second chip to

forma stacked devitkongwne & thaspcowbdiepsho brgaodecarel dipeling99/ 25015 7.
Tne method of ¢l a Bubstahtidy Ant O AP S ERnA L GAPLEIE et if| O

at |least one fusible link that resides on at 9east one 0 s. 5 8.
_A surface-nount i ntegeminebicanitact incatidmielzivedo theotiguitng the fiest sedagt r at e

conprising the conbinatign of: a top.pacgkage d a_bottom package each
contai ni ng an 1 C di'®ERE ° %\Wﬁﬁoﬁtﬁﬁ‘é% g}eﬁg'forgﬁfrﬁ P@ﬂ‘?’&%’?ag}'PcéBﬂ‘b? i ng
several protrudi ng whRRdsch RRRkAgd RAGNNANIRG, Ak AeABthrfl DRI the top of
each lead of 10 the top package being covered by an insulator, the bottom

of some of the botindidpgerueral evadty in vhhidhorack ofifieiaogduis isrebaubst r at e;
and an interface coupling.t ons 0of several of the |leads of the top
package to the topswggcés@%]rg&%e%? tﬂ{‘%‘glglc‘é%ﬁgtso? 0{‘?18? hSeRSHOpSYRATE. 15 9. A
.., Stacked device for ieauth Bgtallingstepso®y ard €1)@APEIEPALE a HepldpaSipHng0 e
+Jintegrated circuit (10 chriégs_ conpri sing surface nount packages; and
stacki ng mdns for SeeRbPIRILVITGS eardh dresty to erg phthe digptantects ared toenechi ps
together. 20 of the interior contacts; in which installing step (b) results in a first
set of contacts being electrically coupled that define the first conduit
configuration; and installing step (d) results in a second set of

contacts being electrically coupled that define the second conduit
15 configuration.

5. A stacked device made by the method of claim 3.

6. A method of r_naking a stacked device comprising at least a first

- 20  integrated circuit (IC) die and a second IC die, comprising steps of:
(@)  building a first IC chip having the first die in a first package;
(b)  building a second IC chip having the second die in a second
package, the second die being identical to the first die, the second
package being internally identical to the first package;

25 (c) sealing the packages;

(d) modifying the electrical characteristics of at least one of the
chips; and
(e) electrically coupling the first chip to the second chip to form a

stacked device.

30




10. “A disc drive conprising the electrical systemof claim9,- IHMIQEWZU%
stacking nmeans is a set of solder contacts, in which at |east one of t

surface nount packages has a set of substantially coplanar package

contacts, further conprising a substrate having contacts and a 25

di el ectri ¥FUPEBH, sone of the package sgntacts coupl ed PCEUSERE0IST  t he
substrate contacts, at |east one of the package contacts touching the

di el ectric region. .
7. The method of claim 6 in which the modifying step (d) comprises

blowing at least one fusible link that resides on at least one of the

dies.

5 8 A surface-mount integrated circuit device for coupling to a substrate

comprising the combination of:
a top package and a bottom package each containing an IC die and
having an external configuration comprising several protruding
leads, each lead having a top and a bottom, the top of each lead of

10 the top package being covered by an insulator, the bottom of some
of the bottom package configured for coupling to the substrate; and
an interface coupling the bottoms of several of the leads of the top

package to the tops of several of the leads of the bottom package.

15 o A stacked device for coupling to a substrate comprising:
at least two integrated circuit (IC) chips comprising surface mount
packages; and
stacking means for mechanically and electrically coupling the IC
chips together.

20
10. A disc drive cbmprising the electrical éystem of claim 9, in which the
stacking means is a set of solder contacts, in which at least one of the
surface mount packages has a set of substantially coplanar package
contacts, further comprising a substrate having contacts and a
25 dielectric region, some of the package contacts coupled to some of

the substrate contacts, at least one of the package contacts touching

the dielectric region.






