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Packaged surface nount (SMI) 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

- manuf act ur eYOPH68R¢e enbodi nent, additiopal spaci ng and rouwsestiayers are
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substrate's contacts are configured for aligning with a dielectric region
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Field of the Invention

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




o

"AM Arnenia AT Austria AU Australia - AZ Azerbaijan BA Bosnia and . - § NOV 2003
Her zegovi na BB Bar bados BE Bel gium BF Burkina Faso BG Bulgaria BJ
Benin BR Brawl BY Belarus CA Canada CF Central African Republic CG
- Congo CH Switzerland Cl CSte d'lvoire CM Caneroon OCN China Cu Cuba CZ
Czech RepuBYQ@®/68®% CGermany DK Denmark EE Estonia ES Spairysebhsefd Nl and
FR France GA Gabon GB United Ki ngdom C;E‘%Eeorgi a CH CGhana OGN Guinea R
Greece HU Hungary IE Ireland IL Israel '

between a chip layer and an interface structure adds to the cost of the

handling equipment required to assemble a stack.
U.S. 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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Sudan Preferred methods and devices of the present ‘invention simplify

manufacturing by allowing chips that must eventually be differentiated to
remain substantially identical longer into the manufacturing process.

A first embodiment of the present invention provides a stacking

ot

method and device featuring simplified assembly by sandwiching any
offset conductors or horizontal routing between the chips in the stack,
thereby allowing a lesser number of interfaces than chip layers. This
provides a mechanism for individual signal coupling so that even perfectly
i identical chips can be accommodated. Detailed examples are shown in -
10 Figs. 4-12. These include specific arrangements for testing, heat sinks,
singulation, and interface construction.
A second embodiment of the present invention provides a stacking
method and device featuring chips configured to be vertically aligned 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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Fig. 3 shows a prior art electromecharnical system having a crowded

.

controller board of a general type that could benefit by the present
invention.
3 Fig. 4 shows a crowded controller board of the present invention, )
10 modified from that of Fig. 3 by the substitution of stacked devices of the
present invention.

Fig. 5 shows a cross sectional view of stacked devices of the present
invention in a succession of stages of manufacture.

Fig. 6 shows further detail one method of the present invention,

15  compatible with Fig,. 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
featuring 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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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.
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N OV 2003 “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.
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Each conventional IC package includes a dielectric body having a
cavity large enough to accommodate the die(s) for which the package was
intended. It also has contacts inside the body for electrically 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
invention 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
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all" as used herein means at least about 90%. Thus, a package that can

accommodate a complex die can virtually always accommodate a "similar"
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
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conductivity about equal to that of a netal. A "contact" is a surfaCeﬁdm\éZﬂUfi

~conductor configured to touch a portion of another conductor to forma
physical and el ectrical coupling simltaneously. The "contacts"” of an IC 3
10 die as u¥@Poe®ein refer to those contacts on the ext qidAlsodsofshe die.
"Internal circuitry” on an IC die includeS-resistors and active elenents :
on the die, but excludes ordinary signal traces and fusible Iinks
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having a dielectric body ha. ?\g}%i%%\?ﬁdtn?& nélfﬁlegﬁﬁ?&}hg%fm?ﬂ&é%%mdate t he
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t he body for el qg‘gri g@lf,,l.g coggi:fi n%;, with the die(s) and ontacts external
to the body that TAFE3E dEeHRLY YA caticalexeens forthe shapes of bratdact s.
-Packages used i nrbhEdiRk 8RN ihe SAVELES 1 &6 ave sever al onductors each . |
" "havi ng mat ched '@)uppgar"gand " g\%er" e%aée?shgilac%a(%ﬁf‘éﬂ em@%ﬁf‘ﬁ%lﬂdeéﬂcaf]o :

facilitate dRi peyemifithexpntainofabe savtieadifienfroleshe HkHer! q%&%mNa&?; on

opposi te sides of ,a%?%g. he,,aigi do not touch each other. - 2003 WO

00/ 68996 -7 PCT/U9Y7 2 P& pSERETL €Vt 1ither sndawndifien by mtdootact orcl ude

conventional cemtad)dnd théy BleaSiifrPRSKRISH A" L LB LCgll s, The term

"package" as used herei ny excl udes corrponen?sallcﬁmée%l%lfz%tﬁg#&o%ﬁﬁ@éf to the

i nsi de of a packeRjacts baye thesame generel arepgeyrendat thdirdhteaded anhdAﬁ&%d di e

carriers such as TAB Q sw.and hond wires), but includes package
lids and several rou{\zjg @on%g%ioér %S.usﬁ?g?%%ﬂf‘lr?;eé%(@ﬁh%w@ﬁ@fﬂﬁPiad(rﬂgades an
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one or nore external .
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.




| contacts configured to be electrically coupled to a socket, fa’PGB-i;p‘a_'dys_{ﬁgv‘\2‘00‘"3
1 junper, or sone other conductor. External contacts may include a part*o ,
10 the top and a part of the bottomof a gull-wing or flat pack |ead, for
exanpl e. Each conventional |C package includes a dielectric body having a
cavity | ar ¥ ee82h to accommodate the die(s) for which pEpusssikrge was
intended. It also has contacts inside thewbody’ for electrically coupling

with 15 the die(s) and contacts external to the body that are electrically
coupled to the intefpai sk 265 I.C.packages used in the
present invention ha\%fa1 matcheg, gg%lg{/erlgpp %B'aﬂf;ﬁé?”ggﬁiayef ot

external cont athePria drhcihe paskageshihpp §1@ledsieighteCDRVIEWihORANs PRCKAGES

typi cally have .SI_NRI ody . sh .such as a rectangul ar solid, outside :
of which |eads ﬁ%‘&‘ﬁégn’ 8?‘8?}% é?Ct$%thag'Sﬁ’é%q§§@§§lné?%C%ﬁfs(ﬂ’oﬂdiﬂgénﬂérnt ernal ly

|dentical " i f { humtan@ob bamhoioding 1BReleaGeTATSLdRe R ShERLGShaRe 1S the
sane, whether or not the externally protruding ﬁe s are rdenttcal .
"Internal |y ToniEer ptacts 63 iiompanh ptien 2né peovidesontonalwohduaivshths :
conductive contgcSeladdt th@ofit&r Qb IGNY, that they readily could be 25
connected to provide an intoer nal éggcﬁﬁ?i ggﬁhoélgffp‘iof‘%.ts %ﬁ@&ﬁ?nect ed" as
used herein refdedritaly ¢ommpbed tvet batten COitathBD8 pn ERN:AIHERE o??het}%ub'ﬂ ernal ly
connectable to 2 tgg(gemsgng ctor (i.e., of an IC die and/or pac aée), but

~ which are separ@/&PPr RbtheAuyer copiacss 637 sperle viaan Kridmergorenset * | s

| janother art - knowhdheioneds Trk bW s B habitRif W dopt.gd ganduct or s ,and their .
““WD 00/ 68996 PCTI USQ9/ 25015 -8 cont act s%ﬁﬁgtaé:%tbq’?éf"“?‘%g%?%c‘é‘&% |
sent ence, al0 covattictlepndugon®¥d anywhere in this document neans a

cont i guous conduct or. “chip" as use ge ein refers to a package

contai ning at | east F&%‘? shwes 2 ¥now ’b%\té‘g%? é{eH%iGHE}S‘é@h@rthaﬂ tapghttiadi.s.
el ectrically copg@d 412,520 aaséd tda §MIRaRI 08! ' operati ve
contacts of the at | east one die. As use(aj here?ﬁ%a%ﬁgé%’%ﬂrlﬁ?q%egltcbfri nt "

refers to the tsR¥eral ifensraimantinglayars 606601608 cach hohfing b ecrrasppadalg, an

| ement at a gi : ting layout of the chip.
Tsimilar oo HeRe iR Rl AR, b ofBRDHed oo SRk abvaren di 65 10
and di es haii ngoatihglaer 608 doupad Hiredly el corelStiding Bbikdm QRS d0§S,CONt act s

in common, thatg majority being in exactly the sane sequence and 1n the
sanme nom nal | %Hf‘ij%‘ﬁ‘q’eéf‘%ﬁ?%dtreuwlab’m@7n§imﬂmﬂycthottbm afnt&acens

"Substantial |y 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




al'l" as used herein neans at |east about  900. Thus, “a package thatc:_a% : V 2‘« :
accommodate a conplex die can virtually always accompdate a "sim|lar' yg 003
but sinpler die. "Dissimlar"” as used herein refers to dies that do not

conply with this definition, or to chips that contain dissimlar dies.

~"Subst ant | aFPI"P8¥ntical " as used herein refers to dies eoeushnydhisch has

all of its electrically operative cont actld-in the same nominal location
relative to its internal circuitry as those of the other die. Dies are

‘those 20 nuade fiskderbsksurged esrabedid, g;iﬁ-[n ' ta files gr having

all of the sane structures in the sarred?lnrgoé ' na%lrrgcglr)%ﬁlgbe n‘%‘f’g‘fr ity of
"substantially tﬁa&ﬁ%&%@fa@‘s 6@isamounted tolah betuntoy boyly 36 CTRS Ghatef by may

still be "subs t j i ".if ane can . serve the intended
appl i cation of Fﬁg dd%k’ h?grfbﬂﬁggﬁ g%"f’f‘@%@ﬁ‘é‘@?"&t" aygicp coihaoter iGMN

manuf act ur er - as sergpEsing 5 vpicedeit 54 atd BeiEnERSY t@@ént?chﬁ@ﬂﬁmowi\taic{gl hevision

humber s assogi at %d. \gthk%és' ngl e product are not unconmon ' I? ?C

i ndustry. "IldenfoEdfed ¥ e erRuate Pathsd2t Gigliabsusetlito bottaslahal | of

their el ectri cyoyafPelcHehdE6E > Ldenti.cal | y. configured.

Manuf acturing differences suchﬁéaggaﬁ\%fs]%pgg%ﬁt@iaﬁé "”f‘foé‘ﬁe%f"b%?sq“ﬁ’g

vari ati ons or 3fomglectioaifcirsutint ow eontralienboaralsoy - B BHEWRL tHE B5n s wll
-9 dies from bei entical,

not prevent two 8996 PCT/ US99/ 25015 ng |
provided one of b%celghaégor?l ?rﬁsﬁétg}i?ﬁefﬁmﬁh‘é‘mfaﬁ?é%@deﬁ@immsGmfectbhe ot her.

MDifferent” is sedpshd@bshalelcdnn&hisr 5700 19} ase s Lo meet the .
definition of "identi ca}lﬁ" (such as those a’?ﬁé}#lﬁ%\%s cﬁxfrlegﬁg’el ectri cal ,
charact eri st{ cscTowged if they are still "substantially 5 identical"). Two

packages are deened g} ical” herei najbcL ne of themcan function for
t he i ntended pur posel%?%gﬁeé’ggtc Ié{}.Oﬁﬁrv\kiS’ %qaarﬁgglﬁéﬁéromﬁﬁ@an@w@df
identical if théyg Apethedehititaibn xae@eddlick1880S Q’%hegéf eI e%qu pr ot rudi ng

fromthe package badies. ggckages can be internally i1dentical 10 even if
the contents of "YH#Qavil¢fdhe gppersxterngmontretsaionhetackah@epacionges My be

"substanti al | y"siidletdse@to £Y8R) if contacts differ by a contact or
two, and they ar ep"g, mlar ?ﬁués%.bais(p‘%t@? 5Tt|e9"agfelad§)fm‘il ﬁacmgépg@rt rically
operative loontsagmentsadeberteatishrdeginagibe. AlNARNGE e&&rﬁﬁ%hﬁta' fit ended
application. A ckat e "interjior" _as used herein refers to the Body of the
package 15 and the’ Bﬁﬁﬁ%%f’g dgyice RB1 pradriiyeoated ith a piioestive BolieNt s
typicall'y incl ui@ecttinb85 $ih ab QRleB6LiRdGRUR) CH IR utll § 500t acts by a "conduit
configuration." The PElifea BURY. S 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




term "conduit conf i guration" as used her ein refers to the nunber ; .,Qf R
conduits placed in a package, the selection of which die and packagey NGV 2003
interior contacts are to be coupled electrically by the conduits, and the
20 approxi mate | ocations of those contacts relative to the die or package
interior. WRQY89% "bond map" conprising the die- and packagssesngs fic
i nformati on needed by a wire bondi ng machine is an exanpl e of a
sufficiently conplete "conduit configuration,” even if it |acks specific
i nfor mati on’ abdisture®3/88hTheinay 2hertBe chiM&] {ACE, herein refers to
a given set of the cont actgﬁony each ofﬁ{lwo ogaﬁﬁkis?%gefﬁﬁ SEereEnh t he
conduct ors cousPREuGtersB sucheashyaslderingiv cohtcet 59C thlbAd eBBEBESt at
contai ni ng tho§gaspglq|éju‘?{ Ol S| t nfities. Die interfaces as
di scussed herein there oér}é%%'gtg%t Olf%@‘:f ﬁg@‘egtéqvﬁ§9up¥%ﬂﬁoﬁa@ik&gek. Chip .
interfaces di scegiordf trersabstrarayind allphé &% oRQIH &th@é};éllﬂé%b hap.a pattern
of sol der bgndsf WD 00168996 ,_iLO- . PCT/ US99/ 25015 Fi g. hows a packaged
menory chi p-618RENE PafeG Y hfjielestria 5850 dlienativiely, pi Jeast aretof thite packaged -
chip 616 has eisghftRedcHthdts 30NPubhAAS h. ing a _bottom contact
691 that is placed agai nst a coPFespoﬁ%%%%eﬁﬁggFegg%ﬁt LTy on t he
routing |ayer éOktedfrenyany ofithe halystrateOintdrasidoatiastokd s> | Nner cont act s
696 from each ot herzand provides internal conductive paths to several of

~ the outer contacts %7&31%3’5?1%“5%{&599 grﬁ{)gﬁplﬁwtils\’g@@ methedt rical | y ,

#coupl ed to a beshpatisieMiartigt9Or Rt RE idg of th ing |ayer .
606. Most of the gut.er cont Scts 697 coﬁ%?g&\r}?!isq%ﬁe”gp%ﬁgﬁ‘i? &ertical
conduct or 893, kneiwndn thearbtherhprepatedr1 225 andistree® SAn&AUPIE s¥ider Pikte Of fset”
10 vertical co th%}'z%% i(!:i g. %%h ws.a known stacked device 600 such as
that taught in U S~ Pat ent ket &s Orsk placrd aRtoddereflaw paliet1240ahe05. The
devi ce 600 is hddifietaldfoardsgs)@andlchipdend bagdd st [ , 608 each
hol di ng a cor rf,ﬁ%ondi ng, tE‘ackage chi E 616, 617t, g%éo%%ﬁetg%%’ﬁ%%out er

contacts 697 of "eiProvEnaf 66‘%‘?%%@&@?@%%@1@wl:ieﬂewtilsxaeifarraed

correspondi ng t: t.ne underside the second routing
| ayer 607. Si mi?%gﬁa?)ﬁ/& Bg’gtlﬁgfﬁ? %gmé;?esv’%’@ém%&%q tlectrisdlderstild?.dn a he bot t om
routing | ay@er peferoalighbodinieasistep 1200 ezt ?Sitic_ula(ri}?@oxﬁ W), ¢ gch](gfhe

a r schemne

substrate 605. Bﬁ' a, kntgwn surface nmount stacking i nt ace
combining 20 TeHY g the slsauicalsharastesishirs of eath obthecamtudlyeslizné@4, each of

the packaged @lipdim tid Gl orGl Rabiam tivadle v gyl i9nal, coupling”-i.e., has

at |east one . eps 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




signal path that is electrically isolated fromthe other. pa‘Ck’,aged;(#]iwf%\ o
the stacked device 600. This all ows each of the packaged chips 03
606, 607,608 to be addressed uniquely, even if identical packaged chips
are used. %ﬂ&m?’ shows, in exploded for-in, Seagate's Cheetah 18LP disc
drive as so o? prior to this witing. Asj;explained bel owpctrus®2s015
el ectronechani cal systemrequires stacked |IC devices to conply with its
formfactor specifications. Briefly, the disc drive 10 includes a housing
base 42 and a EBWerSvEsilitgne adhgsive. eAlthgeglaheaskals aﬁ@gs,_f@f LLg seal ed ’
housi ng that 30pRi-Ha £E Gl envi ronnent inside t eyd%sc i ve 10,
&)
Aplurality ofsé\o 00/ 68996 %Itl %%Pé%wnwiti‘lm@hsﬂﬂﬁnhkcmunt ed for
rotation on a siSP280 Eormtrposel obilkidiradvd| iHffa t ransducer. heads 60 is
mounted to an actuat or bgéi%}n%. The act uat%#ak%%%@éorg%nﬁegﬁg%‘g‘fﬁlgﬁdfor
pi votal ot i on HAUBE 'BEh beffsgt gondustaraplitingtayer 980CM ccof@ifipd 51 N9 @
voice coil 34 zheeranrat |.abl y .nove heads 60 to~5 a desired
track 48 al ongqgn arguatb?dggglﬁ%égﬁég%%natllgv 8- ? Braglphaving Lidkip VCM and
the heads 60 padrsywal aeed anly fi-i)uich ifitrfand f3r SRIPAES] ki Bflghg and from
el ectronic ci rggg&ﬁgla%rgéwtr | 1 er l?oard 500. As shown, the €ontroller
board 500 conprises®a’fl rea’Eﬁ’;QHHBB T 289 areclesmably affveditalonpanbthepnnect or
560, and a spi paioetcoRARBEOKItR i e, board 500 is extrenely 10
~ crowded. Fig. z)dllghows a cgﬁ? r oﬁ%eﬁwgsog@?ggbwoﬁﬁ&?rfc{wwP%ﬂ&a@llﬁérd 500
“Jof Fig. 3 by PhthestlgyeisBg0.Péhhare conscleadniigiicass: a&&&ﬁéﬁﬂﬁog %\% LPresent
ed® de

i nventi on. I terngl. contacts of one stac vice 580
are full ylg‘lx pgssﬁeté&{b g t%locﬁ?'gﬁl% < ?%ﬁ]l%@f%f‘ﬁtéo’bﬁtcéﬁwenfb'a}dsfmd&pam ng

| ayer 15 segnemtldergBétdreneath the | eads visible. Al of the upper external
contacts of the other, stacked device 581 are fully coated wth a
protective (solid) ﬁ?}élv\%tartf%e%%osmﬂbmrm9m%@ﬁir%0ﬁﬁr986' | of the

chi ps shown arg, ahalby 961l {,0 e board 501 by a single reflow
operation. Fig. B Shows a cr osslejgngtSE%#'WWBPhggfﬂ}kme@sei ces of the

present 20 i nsaducons 101, M3200283. Jf 8gahi 180280 £, A spacer, | ayer 880
such as a 1éari ted Cig{ cuit bogied i.sjé)rov}‘ig%ed Wthﬁie%Faglérm%%fgepgc n contacts
891, 892 on'" i t SU0PFEHER "L FeRledrdiy, vl sigpakqaipling tb Hesé pidageat | east one

chip 270 is ponraaerosd@, 148201 514 f . .An assenbly conponent conpri sing
a spacing layer 880 is pl acedﬁﬁ\ %gﬁtﬂg%?a\ﬁ?‘ftW&]ﬁ@eﬂ}?é(&gW%tﬂﬂs chi p 270.

At 25 |east orslaptadelor sguplingftoctnsctdrOn tvansaubAesiS O hhglasofe of its

contacts i
package 180 nevertheless provides a novel latitude over either a two-

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

piece
| 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.

~ Asshown, 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 shown

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  comprisi 1 i
prising contacts that are not internally connected to the chips’ internal




couple directly to contacts 892 on-the spacing |ayer 880 Wwith sol der=&7NQV .
El ectrical probes 86 are used to test which stacked devices 580,581 are ‘
functional. A clanping surface 88 is used to secure the devices while they
are separated into individual units (singulated) with a cutting device 79
30 such as"®P8Per. The singul ated devi g@s are removed Pepussvhsiassenbl y
- 6 NOV, 2003 WD 00/68996 -12 PCTI US99/ 25015 fixture 83,88. They may then
be coupled to a substrate 503 having internal conductors 568 such as by
sol dering to coniradtsyand the dhipat80,280badideRtidal. ?Bus,%??ﬁéwﬂr}%n g%tmﬂzcont act
of the stacked deYi ﬁ%aﬁoupl ef?{ionl y to a dielectric region o tﬁ‘é
substrate and afi®{HEY ¥ FOLBIFHAR e3actly angshipsl$0amidropdacion114 5 stack is
coated by a di ebpaticht le i | east .one. of the _substrate
contacts 592 coupl ed 2 o&gﬁstﬁiﬁ%ag}tew%eﬂggg&iascogf'%rgf?“i 1Zytiegrentatign at ed
from any of theokingitidualsignal equplingl conductors 568. Fig. 6 shows further
detail of thg preseng,. lnwenti . d conpatible with Fig. 5. Printed
circuit boar%(s) ar e&ségéggf‘%}c/f’eﬁlg%qg%uﬁﬁerﬁﬁﬁﬁﬂﬁePfrfh?ﬁ@a%ﬁitk%mian pr epar ed
1225 and scr eendgsirablyatbavéd With ald@ectBassS; i e picked & first
pl aced onto the refl cﬁ(vﬁbpal | et 1240, thenﬁm dé%??bd%%aﬁgggyfso% MEnd chi ps
are placed ont o"itR&oRerqtars 98iondhe 1ouigilapas 980bawieop teniteps 060, 6be T ef | ow

pallet is place I i erfornmed. 1265 as known in the art.
The devi ces undglrag]&oéglggc%?lrelafggﬁ%tgs S?ﬁ%’.e“’r"r?“a“isfﬁﬁfl@féw@asmodi ment ,

““step 1270 nore @eatticallyl @nidyconAlteastivel§ 1Rdlisky| e electrical
- characteri s#' Cs le éach of the verti _czlil Ig-agisiagngdg%gr?lg%gﬂ%]g{g%u&%st?ack, or
at |east al utllogneledganes,Relow thereutingdaar 980 Kasshowin) gar bé ethplad@A irnd

i nspected 1285 Qad,RAY%nPERES ; rk.i.s perfor 1290 prior to

instal | ati on ont oﬂ]a Substrat gﬁggt)zéﬁﬂ‘gkg.ﬁﬁi!e?r%vﬁs‘/ gogﬁgﬁk‘é‘ﬁ“tﬁelﬂ’%’e%%z of the
present invention i &igu8 shexplacuiess-settbmal viemt €thy BMRKkEH G&iFEYEAls Pti%e
under si des 171, Zédgc{)‘\ teaﬂg@ hilg}s 188, 280 in a stack. The bottom chip
180 is a packaJé YEHEE® ?’f‘lé‘e dertidenl beneutngbeard®802t8 with

gul | -wi ng | eadselédaddallpsebarafiel LSRN war. wn, each of the
conductors 101-118 halg a% upper 25 cg%tgg?d?gg’&caoé{%e@@‘r%&%g%SW?ﬁ“r et

contact wi t1 a hoaed PEGansd pdwrngnk alfehe BEO sinkrislaflixe@ 6@ theWHaRs trip91 Whi ch

may be configu rl%ﬂ, ti’xg rdieqécrtgg 59§ I%Q;[’ BE tan\{a\/lu'tgr.)apffjl Otgerzllwrgger, )éhepc(i:ilzle(c:g'(i)ct 19?52211\,\“) -

comprise a coating on a surface of either the heat sink or the board 980. In

e

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




" A heat sink 780 is provided, shaped'like a capital “I" with two nmr o,gg 2303
segnents connected by a perpendicul ar segnent. Optionally, it 30 corit Ys
the bottomchip 180 directly and is affixed there with a high 6 NOV 2003
WO 00/ 68996 -13 PCT/ US99/ 25015 tenperature silicone adhesive. Although
heat sinks V@ 80/e§%6al |y used only for Iaglgscrar chi ps, a heatrsbnksi80 is
shown with unusually small chips 180, 28 or purposes of illustrative.
Interface 199 conprises the depicted spacing |layer 880 and of fset
conduct or routi Ngads@yeeadHhvitie 5L ShIG:; r rred di,tent of the
present invention, a stack hé‘%ng ﬁpég%il%eoz‘slgg)%‘gr%slgk ff’gﬁgggb‘gﬁfvwﬁl) such
interfaces for [Rosper okthghewerside ofirgch leggdaca hyvdraxesmA®Onaedio1eii ng | ayer

980 are desirabl £ ne _anot her rior to assenbly with the chips
180, 280. Most co\yhaé%%‘f’ld%({se“qg%%%@r@@‘l@é%”eg?ﬂ ¢rss@re wpll kgowsin dgvarmav e
contacts confi guntigubbs relitirgosr spating ider Wi th cBndHuSaBh 8FF.0H 1hhe. ot her
[ayer, so this affixation is convenlgedr?tgl y percfgfrl%éd \E/;\,}tltgﬁi:l‘g's%flI er" paste. As

shown, a trace FESTRH cPRacsPl shing riongatedieads@7p icogpleajrert Plan appil €S

conductor 901 t Quf 5 1,4 f our package conductors
101, 113, 201, 213 | ?’%j lﬁg @ﬁti1%%%558%&%?%9’&%&?“%%@&&?i cal, 15 this

trace does not eraishmodatdilargeudiipshayting higheptirtents Ginldl 85 R2AAGKAAL
conductors 101, 1:Iq3 201 Zlgiﬁ A.tr?@e_ on a routing |ayer having conductors
_adapted for couf! R PEBE 6‘!.?&’?16 18 BhQWiR, Bifferentdead eodigutativrsfacked | C
T Epaci g I ayer  Ba0. AR SderRlc Rl o Yol ST R arane out ng
| aver 20 9860asC@ﬁ9miQ§Ué§hﬁmb0éuderapmmiibl’igs.tsasm-i(po"tpri nt of the :
stacked device 582, .ev i f thgﬁ eat sink 780 is omtted. As shown,

routing board 980 haSBahoT IS &3 ecliguraiion diffesng frem diatishowrsingnal

coupl i ng. Unl i k@ig. ien elirbeimpertatiiGéatses OPksOihlerBh3 riglhg contacts
of routing layer_ 980, conductor 912 as shown 25 cgrg}%rg?rgélg C(?nst"é\é]?s 991, 992
on only one of Piese Etingdaxerd$q toit alsoprpyideespacthg oot ehllowér t he
present inventi X 1ng layer featuring at |east one offset
conduct or 169 cgér%ls({ur%ﬁég;i ggﬁégaﬁrfg? %%SggC?VnOWQB§OTCﬁ5§%‘QZO§T@W &he routinge art .

In a preferigd mybﬂﬁimﬂﬁasoénéheespé&p&mioni%hlﬁ%iv&}ﬁchatCIQM%E%il%A' and

214 are no-connects i'%h’ package conductors
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.




—

30 comprising contacts that are not internally connected-to the ch|'p§N0VZﬂu3 |

internal WO 00/68996 -14- PCT/US99/ 25015 circuits) and the chi ps 180, 280
are identical. Thus, as shown, conductor 112 is electrically coupled to

exactly 0”%%3)6&9380 and conductor 114 is electrically coupled to exactly

one chip 2 a convenient inplenentati on of 1 ndi vi dual Peingssatsocoupl i ng.
5 Also relating to Fig. 7, the upper surfiace of the heat sink 780 is
desirably coated with a dielectric coating to avoid electrically coupling
wi th conductors 168 Hs 11tﬁhomutpargall)ay:qﬂsd&ﬁﬂe%f‘ées%bkbﬁ%egﬂ%ps 160, 260.
Mat eri al s usabl gofgrbigg%tu silgiks g&g%a e known in the art, but nost are
" electrically conduetive RFFEPRABY- 0 apddyyadniegfaresk99,2886adbhi ck enough
to 10 al | ow cl eeoaprsingalteimd fpe@Wbhds as sho can. be
enpl oyed in conjunction with apﬁeaF Si %La%lg%mz‘%ﬁy g “’%tf'd’ﬁqu%b
routing |ayer ofBrduciory(nogsheisnls Ehespesingdaet Bsmef th¥ uppePintdrhe St acked
device 582 of Fifnori 8 on the underside of the routing
board 980 are el ecr't)rrl%gg%%y e%ag’%§?%ga¥‘f‘§ﬁ?ﬁ% Frd889) Sradigglaygprsare -
dielectric 195 prefexelely mdrerfactbreddasHe@SEompesihhenSahafiaks 1.5 the heat
sink is affixed to thgbqbottom chip 180, t eSIdgeI e?ﬁ?@l%laﬁ?%g an air
gap. Ot herwi se,JoMgd ayfhgitapered ends, anth havipgpeflave paste sakempriredao sur f ace of

ei ther the heatesshobn@bt 3518 t a_pl anar _configuration having
_externally i dent calnpac}%(agets?égg as%%‘m'nltv'ﬁgy Bﬁ%%%%’@@r‘ﬁéﬁb% 584
~ipreferably havermnpgedantora grid b}(rﬁﬁic&BﬁerﬁB]ﬁ@qﬁiB%eanea&QHPQEcgﬁw 180 plus
7 & eac

“that of on eat sink,780. shown in Figs. 8, spacl ng segnent
584 | acks ﬁlod:i Z%Oﬁﬁgl?%{ngwor ﬁﬁr}?ﬁj’ 58 that phpsckrefioss palet 81. Dheagt about as

large as its wirdfiow3e stdcR i98iRsly & i |1 ke shat shown in Fig. 8,
the body of the |ower chip 180 exyt e%qlagag%n}pﬁ%sﬁe(% E@aﬁg’[‘YWGf the | eads
179. A pri mary foseppntied bna flangedmbugressuche tike DALY el itfl fgadqr ecessed

portion |arge i,t. the body of the |ower chip, and iIs
advant ageous fo@o&ggg%ﬁn{%oég |1ﬁt§df YATeR SRR Mpcsreeiagdayarsat thrimgpesed see Fi g.

11). Fig. 9 shends.a cross-sectional view of stacked device 583 conpri sing
an upper chi_p 280 havin packag | eads 279 that are |onger than the |eads
30 179 of tiRe |owerFtﬂ1i‘lg511<80$a tailed exarsplefof & hiack@pdevipaskagedQ conpri se

6 NOv 2003 WO W%afdlﬁlzgg&%?gg ‘ozt%g %?esent invention. In this embodiment,

IC dies are packaged in "leadless” chip carrier (LCC) packages 160,260, so
named 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




| eads 279 each havi ng-an upper side 268 and a | ower side 267. As SHMUVaZUﬂS‘ ~
portion of the |Iower side of each lead is a | ower external contact ‘
191,291. Variations in the configurations of external |eads are well

known in the art. 1In lieu of a routing or spacing layer in the

confi gur at ivvmomas%si g. 9, |ower 5 external _contacts 291 obcrusssedoongat ed

| eads 279 couple directly to an upper edfernal contact 192 of a conduct or

of the | ower package 180. To acconmodate |arger chips having higher

currents (and/ ogirb8&Y3000chSIEd by Sée)in@rlad [iH8 19788 tespbAkvei@her S Shown.
Different lead configurations for internally identical packdges are

optional |y usedcentags 482 enlthapaghegd supper sunfjoeAZ2 hnd tovidspeativedoliverent s shown

in Figs. 5-8 & 12-20. -Fi 0 tackin figuration differing
fromthat shown C?’ﬁtagﬁilgi.g%ﬂ?er}) a[%Eé) e I%r?%lb?‘irgaﬁ?qég‘%fbg’z .thqﬁFF%thmI {W"érface
199 conprises a187 aghprisesianertermilicbnged 18Y oF tREQ st MidbindlhfinREHAY L&gstSPAci ng
bet ween each_| ower conductor 101-118 and a respective upper conductor

201-218. The®r od#? plgtheparkpgerasyad! 3 the Sug external peags 2L Wrofitn 994 into
whi ch at | east ?g?ka(gg_lc %]tjégtha@(&ttf‘g% eﬂ%ﬁ\arl‘F&%ﬁ&??9fé’;{c§1!c§£g]%94 can be

bat ht ub- shaped p 180 having termnals on four Si Second,
each layer of cHirpstlyl®@0; @8fespondipgicemsct®IPbnitiad pinadf bedrd3e2. ABis is a

val uabl e space-savi ng .feature not conpatihle wth some chip stacking
systens. Third, StHEHEERVEFONSTEY AGTSY emper oblswer st sosas dhed |
portion 996 w der GRYARN! DCORKETbbtiaRG SheSHibctelEch Y b§ My slans e o

‘footprint of any of the stacked chips” 180,280 wth at
i ncrease i n18t ackarled éwa dieldctrit 300 ant the prigafy beard|508 s Exdrapleahmhows?) . As

shown, this w dened portion 6 t Jleast one trace 969 to b

rel ocated to an%‘glﬂf”e on 8Ftt°|rsolg‘;%o¥ﬁi %@ﬁa@%?h%bat(ﬁo.“g.u?toﬁﬂ%ﬁd@ 1t1ﬁ%°fﬁear est
chip's 25 f oot peidrksent nfentioh, statlking shdcQWss Stht PREERSHLERASS, trace 968 to
be used in lieu of each |ower-surface trace 168 of Fig. 7, renoving the

necessity for anptieraly faatyre pra gleanoreseuplmgsibayveenychip 986iuatwts hirengeat
ink 780. Wth pi ificati . f ordi ki | | d
Ty RS RS, AR PHE AL, SRR %

adapt any of t hege s’for use W e in any

of Figs. 5-750r inkéridofake b3addes apohedchittetheisck ddW2Q03 YA 68996 - 16
PCT/ US99/ 25015 Fig. 11 shows a parti al I%/ expl oded view of a stacked device
conprising three chipeeferaplystsh papkagsdoQikb0icapiins deast g wggnpeced

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




conprising a frame-shaped spacing l'aver 880 fully popul ated wth vest§ NOV 2003
conductors (not shown). The spacing | aver 880 of the upper interface 5
conprises assenbly tabs 888 having tapered ends 889. Spacing |ayers are
pr ef er abl nuf actured in sheets conprising many individual |ayers 880
j oi ned at %Yﬁg‘f/&s'f&aper ed ends, and havingjgefl ow paste sEFEURPFMRted to
each contact prior to stack assenbly. Many bottom chi ps 180 can be
arranged into a grid by robotic assenbly equi pnment, each in a recessed 10
portion 82 of aopdnitortpivglich theytare Atiached amscaanmeflymallpah@tordhbetsDur i ng
reflow, the staiglghé'stdesi rably. secured and conpressed by a downward
force applied by a ?rl‘anged pl unger 85 or the like. After reflow, the

stacked devi ces camliheughBgineat gk diy chit8ak 10mb ) e SRRGHIG 1 ANELSAL their
tapered ends. 15 Fig. 12 shows a detail ed exarrp?eeof a staéﬁ%gagtesvi ce .,

mounted on a pEPAEY ynesbaf thesyterag e evmects Bl (he, prakble ori theenterion. | n

‘this enbodi rent 2ol Lo o | ess”. chi p.carrier. (LCC

packages 16%? 2606 th és%;eﬂr?%%ngglbgcel%ggé @%%e¢&c%1%%%g? %C}S%Ie%fgi){s@,%%l, 192
do not prot r udeorrsspmidingiamérnnyl Gty 00 4rel toasdotres peREng patibgebody of the
package. In Fi 9, 12, 20 the bottom LCC package 160 is tilted downward so
that its top sicgBfR{7AE2; In sqmne cprumstangesdh sadvantagrens todevp apr ay@oLe 60 | s

tilted upvard Sgrethdlinéd B185RAH QBpU8edtidy 1 totrN e p%ﬁlé .6 half of the

58 external lines 198 (lines "external" to“the package, of which are
“»shown schemat i santagts 11161187, 12, interface 199 may sinply conprise sol der

" between 2 0conduct I %so%lll_loang'gondgctor 101 and between each of the other
57 matched pairs ol ‘&onhdlct of $ 8¢ HIFETINS ISoHEpEAcYeble ragkagsnal 1y, it

may include Spagkfer 4 giver SetTehips t@aagt_aaiéalfgspwghy%geﬁ,hfbﬁeszl;mgﬁgri n Fig.
7. Optionally, the present invention includées a Second stacked package
2160 identi calchips EHelep d0R1160LeRlntrPsesEsDa pad@ghand recl6s” dpenirdont act s on

nternal o NP G e O B R s S B G kb o0
coupl ed by sevel gusicohmimathelcon@sctd@ thatext@ENAM bR pabfes 160T6aCt S 192 on

t he package's upper surface 172 and _to respective | Ower ~ contacts 191 on
the packagdPs Fswdingthet fpuatepnintemnally copneqiedspackageronductaraes 197

compL e, 21 cAbpn 3N Al L1000 aie MELSID. a0 2hfiagh contac
package. At | easorrésgidndofg irtenhibmeonrextedipaakageebhasétsr OigeRs hesoupl e
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




directly to a correspondi ng contact 592 on the primary board 502. As: .- .= .0
expl ai ned bel ow, however, a small nunber of | ower external cont act s~ BONQV 2003
of the bottom LCC are optionally unconnected, such as by being physically

10 coupled to a dielectric 590 on the primary board 502. Exanples are ;
shown bel &P ®EKd%ct ors 130, 146 & 150. ﬁf%sm"‘“ at condumtTowssodséfs and 1146
of the present invention, stacking strictures of the present invention
optionally feature one ore nore couplings between chip conductors having

very | ow capacatre starédbylall lyrew thipsiendfthd ebMb €L d "i@ﬁ"ﬁ’}hé shated from
the 15 interior, of %Ei@oa%g %02 upon whi ch the stacke evice i s nounted.
Preferably, eachRSJEWLIY (Sxpuding shedvrdghip 2160) hesenlydner tosposiect ed
contact 189, 1188nQiSisden bRraN [ ' 100, 1100 of dies inside
the package. In a typi ca% césé%a%ggﬂ&g:ﬁ?%ﬁ%?\sQﬁmSw91 R&kiRor1 160,

.either a packagetheolecharing ddetivelygrovitle@icdplanat F&ithdis bidi&s 3186 Wi Il Dbe
el ectricall ¥ 29u§s?¥c'e§ to one side of each unconnected contact 1189.
Unconnect ed™ contacts 9,1189 nay be a part of the die (such as a bonding

pad to which no borig. ¥8 stovssa AhdkagRdice OF 112 f. the package (such as
a bond finger to which no bond wire iseattac}"ﬂrg%%nfc Wseng%g‘é’l“ﬁ‘é’gatbel ow,

appropri ate usé&nyfar ot etEigel? teashingtaschp Hiffwenmtrirgr appreghenhancenent s

and ease of 2 py.evi.ousl ailable. I't should be

~ understood t ha? e%ﬁ@%&%ﬁ@?‘g’?ﬁﬁe&%‘&égy’ Pﬂéledéo#ﬂ@rmﬁa@kw@cq@o are not
.2shown in Fig. @&Rip differences tewgtd beiedn SWithathe BRY o CRYR t%acfg'r?gsliggé)@\ne ted )

cont act 18% electrically to either external contacts o1t o
internal citP cuf fajtel ghdesign diniredprenceimrdinesy $188, td PBOvidaguitdite WO 00/ 68996

PCTI US99/ 25015; 45 > . i ch . the e attached are commonl
called " no-conlnné%%gl'&&?}%y}tﬁh%ﬁgﬁ‘?e %{%qiooété}ﬁesgg%ertﬁf‘cetshigéfeéoé’dml‘a‘éqss l)él

may be unconnestetageonrtl 480, svhidl8earPBOanydshe ﬁf)n&&lﬁtife)ﬁ@ég@ﬁ Wig contacts
181 (i.e., avajlable 8{% t he ﬁxteﬁior 5 of the die) in ach package 160

are typical |y SOUB!EYNERELTIT R8P 13Per-Bradified ¢lpiment dvivesprefedabiy, delit er nal
circuitry 100 #uctobiprises ¥ EEPR@MBP&hQPQéG%@ﬂj?r@n%t & e
or nore

2. ln.so
circunmstances, it is advantageous to have on Pﬁ?é‘ﬁ@}? l'ines 1185
each coupl & elietlt raraalby be one qomore lighteepstkagempeReHtash thelitlfie 1117. 10
Fig. 13 shows ‘%ﬁenn di_a ramfgrﬁéﬁeséggétai ning a suitable package size for

a given set of “ehipsePEBLTSYY P8P CYVersef ul for |ess-sinilar

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




“third chip 2160) has only four "conposite’  conduc

‘chips. Circles 160, 1160 each represent a package and each "x"- |n_;%ﬁ@"fi
represents a conductor extending within a correspondi ng package.- Z
t hus contains the conductors that extend into both packages 160, 1160. 1
Recalling that fourteen internally connected package conductors
101, 108, 1Y@ 0y/482%6117, 118, 119, 125, 130, 133, 138, 146, 150, 152carnssenez coupl ed
to a corresponding internally connect étFpackage conductor in Fig. 12,
these fourteen couplings are each shown as an "x" in intersection zone
21.  Sinilarl frack MadhgeintOiHaghtetR) ' 0 chi but not to
chip 1160 20 are each shown as an @E&tul zogh?a&%ﬁge%&galpe@&]ﬁ?tg@‘iaéw of I
ei ther Figs. Mncepnectedl qgnfact 18R withhotbetbottorepackagd 160fis eleemicyipeven package

conductors of i re .Lnter Ly ,conpected (to internal circuitry
100 within chiC%DEIES)&%%@’;%}'%I%S%%\?E° THEEE é@tt"sg'BF‘%% present .
i nventi on areed'teli'ﬁaltedtatﬁwi,mﬂwdﬂ&geai&&ﬁlic%ﬂyp' I ng-changing the

av

‘connectivity of chips 160,1160 25 initially having "exclusive" zones 11
and 22 enpPy. Fi g. Substaially idenisahingrexated eircnit diet278tis ofmikirly. 13 adapt ed -
for coupling JOGRed RRMUMPstaAUSE S Q. .14 | dapted to show
how a stack of three dissimlar )i%eﬁgcﬁggl%i%g%g?gﬁg%g@’%&t onfigured in
a subst ant i alcoynautad withaldiffereobbdndywiratconfignation Stregprivhhl the 9. 12, As

shown, 30 the third circle 0 r@gresents a top chip 2160. Ten conductors
in zone 44 WO'PHTEBSEE BRIACHETNES pper dip 27Pds agislivegtlygbard t hree chi ps,

~sand the zone ZLcshrtRd BYtal199 dfike id%‘PﬁEaI"I&vmepéig.lﬁ%fér%QRrr &?@5@ g(%'g?g the .

ors. each
circle 1600118002000« idgntigslomdsareiasdeerbled ih identical stnckedgsackay@r havi ng

sel ectively prge{'%éq)ed cgplhanar ogt acﬁts sgch as . a 5 substrate 502. Fig. 15
shows a st ackad & PRedhs atvmg%is TUhTEPRO ERTESH OR8] sinilar to that
of Fig. 12, teashipdadiglbiidertichl &iceadsivalcbRtcAmBY Bﬁg}ﬁb otglﬁﬁ{%?i)&“es are

C

5

known for detecting any of the post-fabrication induce p di fferences
t aught her ei nPaghegh 16qbaving apfinternal sontaeteificonductort14R sonpledity a Hasta nat t er

of design choi I . OLdi y._skill rovide suitable internal
circuitry resﬁgﬁg(}t\% ﬂ?é(;ﬁrgﬁélebpgt(ﬁgé a&#?geezr@%@gg‘.gal@rfﬁ%o‘i i ncludes a

storage cébl u@ernalduradct oftoriices24Qkcotipled Be heakaind @nsi@Lage devi ces
known in the art such as a |aser-nodified el ement. More preferably, cell
190 conpr i ses SEMEEPRAMBReray it $ash @f the idenigebdige 320,27 Qrlesirablydiasi e 15

link. 1t can gl 3Qcmetiq cgflta@pi@,iSbQﬂét'é gﬁ'éét tfxio\llrg(i.%.? rdrggsng&tcsorrggpotn%e ICdie
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




~used in conjunction with a clear |IC package cover. As depicted, di e‘;l%Oﬁrgy '
‘and package 1160 are substantially identical to die 100 and 160, OV 2003
. respectively. In one enbodi nent, the depicted stacked device can function

because the storage cells 190, 1190 are configured 20 differently. In

anot her, anwﬁf’ﬂf@??%ect ed contacts 189, 1189_present in one pcthisprisesabsent

in each other chip in the stack. Fig. 16 hows an inventive configuration

of unconnected contacts 189,289 for individual signal coupling to each

chip of a 2-1ay®8p0 of thelspaker 880.i A& sKdwE oW j t ayers of chips).

It is substantiall congi stent 25 with Fi gécgfgy%égﬁgxo\ggélieﬁgtfogbeove, but

depi cts ext er naP2E58E sepductors 118312 ae similaily fordigurébfaidinst dhpriaf t he

packages 160, 26%“51153{9{3?};99&@ psuit die 170 having internal circuitry
100 is nounted inside bottom I C package 160. Wthin the bottom package

160, internal |ines Higvl%alehshonpfusitbslicurse189986, HtWELN a?é%l%g@s'o
contacts 191519%1 zimd i tgz&%oﬁontgqfts 182 of the package 30 . bond
wires 183, cdnt att §2TEYeSAtNe"H FNt sprfigurplion difnsed lisksilgaal WO

00/ 68996 PCT/ USR250dbmetiZfl 4 tRE SréseAG ol i.nternal .circuitry 100.
It can be seen ?n Fi g.mfG t hat a?r Sgﬁtggg%%%?]égu%gﬁleég?mlcggyﬁ%ﬁ?ﬁdt he

bot t om package Xédicp arepackagedend glectricaily eshpial idﬂhﬁfdlﬂ@rlfﬁgrrtgnggix% 100, but

i s otherw se separn external .contacts 191,192 by a |arge

di el ectric gap. I%‘s%ﬁ%@%{fﬁ%ﬁﬁ%ﬁbﬁWE‘@&P&E%V@?W@#‘ t die 270 is
wausimlarly  mountetpomsitdidias st Betadithivied §e Rl | C. package 260, .
“but is conn(gcte .wiith a different bonldevm' re co%h’?ﬁ?a%ﬁgﬁfe%'ﬁeﬁtarti cul ar,

t he unconné&tt e Brﬂ‘%{%rﬁnmeqfh@eum@r anldl BvFPatleagedtdediceestel y above

unconnect ed contagty 18908, the;d i.cal | r die. Preferably, the two
dice 10 170, 270 are igent%rcxté%aﬁg(ﬁg%sgr%g%e&m%etﬂ’qSE‘ Paeitkscan bs blameed
packages 160, 2BGnyaréouti @nfiguiatigpni Esdh cﬁ@%aéi@tq@&@oﬁé'{?&ﬁ?jré( fofontacts 181
corresponding to identic I?su %@isive contacts 281 on t ot her die, one

package 160 havioRgusiT Pyt 1R 186286005 igid¥ oAt lesdt logripl ed to a first
contact of the donkighraliot.cohAfctoGE 00ufaying. a corr esponding 15
i nternal contact o?ﬁconduct or 242 cguﬁﬁ%@%%ﬁ'@eé‘é’gg%& Oéf?ﬁfte?df’ % the
second di e.13 n ssadkedn Fig- A&, it swytbeakgaried itht Bbing Pac 'ngQerHiQalgin gﬁﬁi rably
has an unconn ctvedxcoi%%?c]i%%, 289 that is offset from(i.e., ‘does not
correspond to) "t hiE* R e Cntedde they, indyyidnal sigmabedvplinglveing 1 n a
more pr gf err ed achish@ile WBIEH onlyUSELES bMErRMIL ARt $aefil 8L Rl W0, I denti cal
ice , are ,
layer stack. One embodiment of the present invention thus omits the extra
link 187,287 on each die. Itis advantageous to have such extra links,
20 however, 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




20 coupl ed toget her through an inverter 541,542 in the internal circubtNgV. 2003
‘of each die. Fig. 17 shows another inventive configuration of unconnected
contacts 189,289 for differentiating the chips of a stacked device,
substanti %W)?{ é%gsi stent with Fig. 15 as expl ained above. In Fig. 17, the -
chip 25 intée ¥ 199 conprises a spacing |aver 880, WhPEWUEM26HS air flow:
and/ or heat sink structures between paCkages 160, 260. The depi ct ed
spacing | ayer 880 conprises vertical conductors 893 coupling upper '
contacts 892 ealements respdnsiverto salitt state (B83ranfhirlgaaéthods HR: i%Ble?%“ acts
291 of the uppegﬁg‘fc‘?aﬁ%e 60 couple directly to upper contacts 892 of the
spaci ng | ayer 88BVASTRESY 30 one is unconnected, t hough, directly
coupling only to a Theheshdlichig &@Rrser UsS99/ 25015 890
of the spacer 880. As shown IF{)\Ner co%?gg%qﬁg%ﬁg?%é%og-é%{s}fes%%g package
conduct ors 110devige agsegibled 1840yas desrribgdabavd. in aiereestiodini¢nt ivagkagei th a

‘primary boakd i I h fusl,bl e .| inks 186, 187,286, 287 whi ch
are bl own s% g%uacfdrgg%‘ﬁz%?es C%f%?%l\g(sﬁééhﬁsﬁfif?’é?e@ﬁf‘ Figmfi-d&Hma on of -
fused i nks. Isntad<ohhexfe&hmed\rﬁelab@ﬁ&Buﬁéﬂ@ﬁ%‘ll‘?ﬁaéﬂﬁéap&ﬁpg.i on, all of the

identically fabricated 1C dice are packaged and el ectrically coupled
i dentical ly prior tREIBTBRiNEK 1a He: 17 apsogrammingaondittat #K1,2M1ddteschon by

reduci ng the vgfingtucosk h st .he.maintained in inventory,
del ayi ng the tia{rre t 10 whi (':E Bfﬁ%ﬁénﬁggggf %nggﬁﬂe'&d’gége BFfgeMower

packaged devi ceweniien povidessitle dohtaats fooprogearintigy toitkitéts sed, the two .

shown Iinki can be bI.owr} iﬁ %gy of f%léj’ configurations. Each die has at

| east one ¢onf FYWPRFFGHO sugh siieicartasts bringknow isi the art).i Sidetestaes6 of Fi g.
17. At |east |@gg¢hduse8 Mfie96f bR PBokS ed ere Lis the
nunber of layers in the 15 stack. ’n %:jégﬁa%ils,stoi%{r&r'rfé{%aﬁ%es? B4rded that sone
package term natogrmrzgme ¢ravely exepackdgeles a Liate, BBWitU§dRehd 1aydhem

:cnd! vidual sig %Jiaé(élégéécglgc %Oel _rbgosa%{lésgﬁa%eﬁwi?hﬁ%m y | ggz 2 = one

usi bl e 1ink 18% chice) SF fUR-F1g-alfe Fos patack obsevesalbodi ment
of the present layeRbhiRmritHAUS i@l chiRe b fhe Jid Fg.4g0n each die.
It is advant agegus to have sZc.h extra ﬁnks,ﬁzégﬁ%g%%?%%g’ltshe i denti cal
gi ced 170, ah?@ ﬁawfq;eblmemagléeﬁ M@rmzmammg&mn efach izmiemlﬂpaﬁgmidtdaout |
eci di ng et her: %99 us in stacks of 2, 3, or 4 |layers unti
t he stacked de'?/{u(]: gl?c)s‘l}%%grt? 0 angg%tgfﬁbl ed. Fig. 18 shows a flowchart of
a nethod of the prdaansthenvebbdinient,ahreeadédtcal Mipdadkisthckdd wifihi Ps to be

stacked are busi)platcin]g%g)%r;/melzgarc]ﬂ? consistently with Fig. 17
8- 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




25 nonvol atile configuration element. This can be a-cell 190 as di seusNgy 2003
above with reference to Fig. 15, a fusible Iink 186 as expl ai ned above

with reference to Fig. 17, or a simlar itemknow in the art.

Preferably, the selected elenent is of a type that iis readily nodified
wi thout medi968%8 operations such as bending, sol deri necresoopiaist i NG.
Many nonvol atile WO 00/ 68996 -22- PCT1US99125015 el ement s responsive to
solid state progranm ng nethods are avail able, as already discussed. The
internal chip chfferantized, shis ka8 Jdv nd.the stacked device is
assenbl ed 1840 as dg@;ri beg abovgge' In ongﬂtg%gggﬁ%eprﬂ?apégc? age 5
conduct ors havicRg™Preliye 4 Hrtt serdyitcardigubaiom ideped it ndtallify @6ndifits- 12) in a
stack of nore #§ stantially identical chips. :
Ref erring back I![ﬁgm&% %rsgﬁ%d,kag‘@%%’g?é&y ﬁéﬁ%ﬁﬁaffé‘&?’rﬂﬁs ofitheffigst diach  of

the packages 1807 r6lling whduits into fredeesidEFacRABOTITER te Bhal S lﬂ]esent

‘i nvention péovigl%s Si dqh‘g&nt acts for programming conductors ? the 10
construction of 'StRHAY] E&Wﬁlgﬂﬁé}rﬁgs kershathusdifeeensinting tHi tigpscont act s
can be ursed 'F‘Alfie?bhe@éirisfbﬂlaﬁbn@%etl@:”@rg;?s'ﬁr@g%ﬁkéd)%goo}" de access to a
progranm ng |ine on only one package a tine, W th a spacing | ayer
having a diel ectri cFigcifshgus ssvehl wwothatedforfthds 1897280M8b 1,2, St ack of

sever al Iayer?orgjgg?%%toa}%égléegsg]a:ig‘?%{t}'é}%?lpg{:ﬁg%g]sei nodi fying step 1830 of

- Fig. 18 15 preferably conpri Wigh &fg. 39 as desesibéd
“svertically al i ginee, mei3-layss stacks UskgRie@Fam SRR e packadil L " \
enbodi nent, three identical chips gge stlacke(gis (\EMQ?E pa@f%ﬁaqka s exactly

consi st ent m/ winidepspective integaated einenit packeges 168)260,360 Ndppét dxgbragiacked chip

not shown). A shaskeshrdgyl i:S odinent is 20 desirably stacked
(assenbl ed) 1840 before }[Pﬁ{é‘%ipﬁoég i 3%@?% alliplysically peparated franeonmdi f i ed

1830. Advant ageutbdnpy ditlectric gapy3% drides ARES5SS! i Lrack whi ch chip
is which until after theﬁtagﬁg are assenbl ed.&}gl'lﬁ%htg(gh%?]gg?‘éc}‘%o is
di fferentiat e PohfiERASTtes AeatneHBb liky thasphowo wn Bigsgs & 3.aUggercur r ent

bet d ' 1Dk 186. The t die 370 is 25 .
i1 Terent i atod from e he oingegs (e 2 SHED g A oeg Wi shkertionion o

package cbndulielertrie gaps 196296, lait Haeasktenail 1ingf 1981208 Qi'i"%)zayc@r%%;tgga%pt i ation

1830 and the S |y, 1840 he st acked device 1s re e Installed
1850 onto a ﬁéé%ﬁéf’nﬁf}b@d&@ggﬁ ICQ¥eHRE- fl owchart of the present

i nvent i on conpat i blagl of3e Wepdlad Gucthi2s HBscfibd bR E5iPLE, TpUNL ed i nto
packages 1920 without bei n b ctures Sc%bggabovewxlﬁ;eurqgerstood to

one of ordinary skﬂl 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




WD 00/68"6 -23- PCTIUS99/ 7. 5015 differentiated, thus taking partial = § NGV.2003
advant age of the principle of commonality. A first conduit configuration
is used for installing conduits into the first package 1930 to couple the

necessar Yyefjkass S of the first die. For installing coggw jnifo the
second package 1940, a second conduit 5pgonfiguration di eér%ﬁ%m#romthe

first is used, thus differentiating the chips. After these installations,
the 1C chips are stacked 1950. Fig. 20 shows several unconnected contacts
189, 289, 389 | rerabodigentsyisseriesdrheseinaie lasgely alitectedite iricreasingpitpatéabl e wi t h

Fig. 19 as desgft]  0..a 3- tack. . Integrated cipcuit dice
170, 270, 370 arggdggg%ggggg\fgdit}r‘]é;f%ﬁ 1rfgs 3% ﬁ/@#ﬁ%ﬁ?ﬁ?%‘ﬂ?@i‘?@ﬂh' packages

160, 260, 360. Uppdedeheveen #l willdeimgoedaidd byahodd wkillediAwhd a¢lhdt 1380 are al |
physi cal |y separ at.ed f\r}gm one .another by dielectric gaps 396 and a .
conpl et e di el e€RTHRESY\RT PrEsENtdfRentpn cagibe appligd fejpemovedthesat i ng 585 i ke

“that shown i n KirgtSmath SaspectyRAB o HeBh 2. | ower chips
180, 280 are Ii ervvi se gepargt ed t;)y 1§ @gﬁﬁ%ﬁﬁ%&ég%éﬁ%é@%%the but have

ext ernal |i nespresht2908ndoRpl aci ng at |east part of any corresponding

dielectric coveri ng. S%I I g;iz tahee toecgsftﬁnd structures dg‘;scri ed above w ||
be understood to ofe Gt or m??r?‘s P4 'he PEESEREMXFRUoN, A (rXRE 6f ehiBiSAb] e t he

practice of thmopeeseplaced diHREYioRNtHeIToBOST 8B A ENRERbIFRAL QD 1t is to
~ be understood that even 20 though nunerous characteristfcs and advant ages
v of various enmbWdriRgRNg/ onouting Ipyer H8ABS80 inwpdaneid shiretdy en Ilsecorsatts forth i n .

" the foregojhg L PIH.0R;: ot ry 3\ & etails. of trycture and
function o?d]vaérbiq%gg Og e%ﬁfp@h?lg@agﬁ dg témlt‘hnlsag%li(fftfﬁfp?st)ﬂ%@sﬁ(??@q%? reis
illustrative ofiractlyGhathgbserbsa 880, efee bohtirg e Ulen dush 288pP86IGRLI Y 10
matters of structure and arrangenent_of parts 25"within the principles of
the present i niedAYiIBRO1tBe stReked llgvies380madeaey thetrecthod is aptionellyad gener al

nmeani ng of thetelq57d hht ir@&o%&?fr@:%ﬂﬁ@ﬂﬁggg,l ainms are expressed. For

exanple, the particular elenents may vary depending on the particul ar
appl i cation for theupthaentthessoamprishs ineuntihg dais 170 oswasERATayael Y t he

prosent i nontTBIA PICERR) B PfREUIN 2PN e~ e BrEp 4t £ NOWaBODS VO
00/ 68996 24 FGEASROEE0H5sA808H oty IRA NG IS RbAARL G B0P' Y

directed to increasing
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.




| area] density of PCB's and the sinplifying the manufacture of L
conponents for stacked devices, it will be appreciated by those ski7l beNOV 2003
in theart that the teachings of the present invention can be applied to
- inprove other 5 performance aspects w thout departing fromthe scope and
spirit of wh@eeg@secsent invention. To summari ze a nmet hod pdraishbsnspisesent
invention, a layer of chip(s) 280,380 i%-placed directly on the floor"~
81, 82,83 of an assenbly fixture. A spacing and/or routing |ayer 584, 880

is placed directly @n the cqntact 291,292 of the chip(s),_ and an

addi tional |ayer ofBgﬁ’f%s(%ﬁagiéb,e?%ﬁ;fiqgesﬁI"éﬁfﬁ‘&ds‘Zﬁ}faé(b’fa igpecited | ayer

584, 880. After shandidgretal® dray®lifhefts© tiaSpraYert ehi8kion! &neQWcll 48Rce t NE
stacked devi ce 580 made bé/ the nmethod is optionally tested 1270 before
removal from t Frelygezitop and RafpraectapgsHauPackagrs 68260eaahthavingigads 170, 270
(which may be _1 ], 1 - | ' es, 160, 26Q .(whj ch may

.al so be siml ar‘&gg %a%gﬁ?@% %gg%ééﬁgir\?dp%d%@ﬁ%&%aaggaﬁg/wf%?lgéﬁ“rédt hod are
di f f er ent i abed nedankfr phyyicails taiplingghaledil$ fsgrovided anfdught abbw) of conduits -
1940 (e.g. bond wr 183 .and no-connects 189) into each or by otherw se
nodi fyi ng t hei PPBP%agﬁ’r"iOH&?“SI%H?’%E‘PQS?*g pestefghsuitdeard CR)pegmenEng a
link 186 or Dby spfggi@mitdieadLS thekdp H30D ' 930, 1940 may
differ by si rrplsgli havi ng one no- condr%)ect 1O§t9()mh§%%§%%¥gﬁ‘?r§/£§${%et from

anot her 289. | slegimisalhieroumirigoiie leads isdstemasesaB@ly, dptidnallytintiadirpgpneany

.. conductive contacts,592 .ma internal .t es 568. A stacked device .
.'58"82 is asseﬁﬁP&ﬁe&f?ﬁxggegFgﬂxgﬁﬁgfgﬁwﬂQF%§%E§§V§ﬂ§§séonductive :
contacts 191. 25 Sone of the device contacts 191 are physically coupled to
contacts 592 on the substrate, but at |east one of the device contacts

191 is electrically isolated fromall of the internal traces 568, such as
by providing a dielectric region 590 coplanar with the substrate contacts
592 and aligned with at |east one device contact 191. WO 00/ 68996 -25

PCT/ US99/ 25015 Devi ces made by each of these nethods or having this

recited structure are also enbodi nents of the present invention. One such
device includes top and bottom rectangul ar packages 160, 260 each havi ng
gull - wing | eads protrudi ng outward and downward from at |east two sides.

A




- § NOV 2003

5 nmeans for physically coupling the | eads is provided as taught above,
optionally conprising two elongated printed circuit board (PCB) segnents
584 between the | eads of the top and bottom packages. A neans for
electrically coupling the leads is |ikew se taught, optionally including

one or nore horizontal circuit traces within the PCB segnents 584. - 6
NOV 2003 6 NOV 2003 -26 Clainms What is clainmed is: 5 1. A nethod of
stacki ng chips. by positioning.at |east two.chip layers - into-an assenbly

fixture conprising a floor, each |layer conprising at |east one .chip, the
met hod. conprising steps of. (a) positioning a first chip |layer directly on
the floor; (b) positioning a first spacerel ayer on the first chip |ayer;
10 (c) positioning at | east one additional chip |ayer over the spacer

| ayer; (d) coupling the |ayers together,, and (e) renoving the coupl ed

| ayers fromthe assenbly fixture, the GBHB?ed | ayers conprising at |east
one stacked devi cwhatlis cRimed is:it acked devi ce made by the nmethod of claim 1.
3. A nethod of stacking simlar, packaged first and second dies B
conprising steps of: 20 (a) mounting at | east one of the first dies into a

first package; _(b) installing several electrical conduits .into the first
package in a ®Pirbt CMEWBWWFQ{WMWE?“W%W%@H%'OM of
the second dies into %é%ﬁ%@nnbﬂ@&hﬁ@@émﬁ%ﬁ(é’éﬂdo?,%é{lhy&&oﬁﬁﬁiﬂhght

ui

el ectrical conduits into the seCond package " in a second con
configuration differelgastongghiphthe method copprisingetept ¢fon so that the nounting

step (c) is conpl et edf3ef YRibhifg alfRstchiph gdﬁgﬁﬁo(\@ed&f.corrpl eted; and
(e) electrically coupling ‘the first packade to the secpnd package 30 to
forma stacked devi ce (PAVERGSItONDBRILTSt spacer layer on the first chip layer; .~ ..
10 () positioning at least one additional chip layer over the spacer
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



3

of the first dies is stacked wth only one of the second dies, the f

and second dies being substantially identical, each die having internal
circuitry and a set of a nomnal contact |ocations relative to the
circuitry, WPAYSH% st set of 5 nominal Igiati ons cont ai niASFUSA2386cond set
of nominal locations; in which each patkage has an interior, each
interior and each die including several contacts; in which each of the
conduits is a gond Tiw methodoptiaiig 3anehadh 6M1¢ ode 6f ARHBEERs t<tmed of the
interior contacts; in which installi ng_ steps, (b) and (d) each conprise a
step of coupling 10v¥B@BYANeRS e seered diesthe frstandisgeans! digebeingt he di e

t act dt : i i t i ch.. | j t
contacts an 0 Onesubgtfanﬁim')}’ 1dBh&E, Yacle ng%?% lé'ﬁlté}anﬁﬁrtjlr% %@L s%tg)g Step

(b) results in a first set of contacts ectrica coup t hat

WO 00/ 68996 PCT/ US99/ 25015 ~ -27 4. The method of ¢laim3 in-which ?o'nlq/ Wzdgg

_define the first conoeminal cuwddt fpertionore]ativedo isdisduitry)ghs fieg séid)f resul ts

in a second_set of contacts. being el.ectrically coupl ed at define the
second condtit 15 &W@ﬂ?ﬁ%%‘ﬁ?o AXEs éﬁ%‘H‘dg%\‘}P %O’Rﬂﬁip‘}??h?%‘%t hod of
claim3. 6. A nmethoghh es@ipatlage RisARHAEbrd\WaER it OB drid Aftndtie | €2St 2 :
first 20 integrated circuit (I die and a second I C die, conprising steps

of :  (a) building dnfluding sererehtqntasy imy hidheeath o§ thediosdinits & & harst  package;

b) buil di d | ' [ k d dig.i ; d k ,
he second di o bei g e A Ereey HRet S RFS TR Ene P dnrifcofierbae bei ng

i nternally identicah wikch hetadlingdtepa®k age (d)2ack EdmpaSd 4 BigplohColamgages; S
/(d) nodifying the electrical characteristics of at |east one of the

chips; and!Qe) el ecieVriebPond ¥aEpEaIchEiitasEY £ pre ofcthe gie eontarss ardttomenechi p t o
forma stacked d_ev(gfgﬁe in%%}]()'r c@n&lg\é; ‘%%Fmsg%iqg%%? ég))z%éuﬁgn /alﬁ_%gl 25015 7.

The method of claim®6 In Ich the nodityin nprises” bl ow ng
at | east one fusi blset bf coktdchsdieimgdedeisalbnccaiplddethat defire: b firsteondnies. 5 8.
A surface-nount integrated circuit aﬂ_evi ce r coupling to a substrate
contiguration; and instaliing step d?resultsm a sécond set o
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




conprising the conbination of: a top package and a ’bottom‘p'ac‘kage»e‘agrt NOVLZ{‘[}U?;
containing an I C die and having an external configuration conprising

several protruding |eads, each |ead 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 YO ¥M&Bottom package configurgg for coupling PETARS2SMESt rat e;

and an interface coupling the bottons of several of the |eads of the top
package to the tops of several of the | eads of the bottom package. 15 9. A

stacked devi c¢.f or Theupdthod of daimn 6 irbathic dhe GOGHIF}iRE S8 (@) cdrifiidest WO
Integrated circuit bﬁfé‘f%‘ ChL%S cogﬁr,bgig’g? surface rmun? packages; and

st acki ng means for SR (AP Qe dhe Watrgsides epapleastondwf the  chi ps
together. 20 10. Agldssc drive conprising the electrical systemof claim?9,

in which the stacking neans is a set of solder contacts, in which at
| east one of the surface nount packages has a set of substantially

‘copl anar package o0} AGES . pri.si n substrate having contacts
and a 25 di%gl Z’ét ri c(‘;\ r eg%%%{:o%nﬁ%t@%%t%ﬁ% %‘éi%"g‘éeaf%m g tOAsHPeaate0 some
of the substrate compsising thatorhbiaationde of the package contacts touching
the dielectric region.

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.






