WD 03/ 038647 PCT/ US02/ 34292 1 Packaged Conbi nati on Menory For El ectronic
Devi ces Background This invention relates generally to nenories or storage
for el ectworsm3sdevi ces. A wide variety of nmenory is avai lrablesot/snoa

vari ety of specialized applications. 3 For exanple, volatile nenories, such
as dynam c random access nenory (DRAM and static random access nenory
(SRAM, may be utilized for fast access to data. However, DRAM nenory is
difficult to integrate and SRAM nenory is relatively high in cost. Another
type of menory is fPakhgerd€ivobinatibindemery, Fdr[EischonieBovigesi s sl ower in wite
node alnd has a limted nunber of wite and erase cycles. Because it is

non- vol ag| menory, flash nenory nay be applicable to both code and
dat a stohh‘l’ rou}lgl ications. In a wide variety o1|‘ope| ectroni c devices, there
izlsf? need ;orTlnieiratritioequlatbmvnm’aEy to mesmasiey ot Hieregepler ¢lentropicaleviges ety of
ifferent fungti.ons.. of V| } d e devi ces,
such as cel | uf*ar %‘éﬁngﬁ)ég%}é%?ﬁyplg%%%a f%?ag‘%aﬁ gl? Oggs}%!ng aﬁtagﬁ{cé%%ss), not ebook
conpuf er ggr axemp hVtatlomprudeesssuch as dmpmoaplom agessmemoss(DRASY) 4wl et s,
pagers, digital 15 inmagin Vi GCES nd,.wi r.el c i.cati evices, to
menti on SPFER %%F%él%mo&&w}%ay{%ﬁgtdé\%eg(r%(gg%%%cr?gspsrm%g%tg'sg@?%'fg’ed syst ens
ibs Iarﬁet)_RA}‘lam(Janﬁgﬂy bylifﬁaetrrﬁmﬂegﬂmehmi SkeeNhnémsy isselativelys higkRAMosand DRAME, and
y mechani cal  devi ces, .such a tical d magnetic disk drives. Disk
drives are refBPRAYRY of REMSEHS ?l@si‘prﬁﬂ?orﬁ'a%we‘feéﬁﬁfel? PePoryd? YRBF Fead and
Wite acgessSmbdd e haEmhRQNubeoss wiswiid @ssedflesTBeeaidditéxpanwilatits but have
relatively fast access tinmes. Thus, electronic devices usi conbi nati on

of dil@k memps. Sagh @@mrﬁaﬁa@eamiC%th&wﬁsﬁndséa&%‘géger?&pﬁ%ﬂ%g'&sg the bul k of

the data and gadeidi Darfeffordiedltoflf hkBceNRers tsQiRed fof AlRRERNoWSEE Or cache data
on sem conductor nenor’i es.
memory that performs a variety of different functions. Examples of such devices include

portable devices, such as cellular telephones, personal digital assistants (PDAs), notebook
computers, wearable computers, in-car computing devices, web tablets, pagers, digital
15 imaging devices, and wireless communication devices, to mention a few examples.
Currently, the storage on processor-based systems is largely handled by
semiconductor memories, such as SRAMs and DRAMs, and by mechanical devices, such
as optical and magnetic disk drives. Disk drives are relatively inexpensive but have
relatively slower read and write access times. Semiconductor memories are more
20 expensive, but have relatively fast access times. Thus, electronic devices using a
combination of disk drive and semiconductor memories for storage may place the bulk of
the data and code in the disk drive and store frequently used or cache data on
semiconductor memories.
However, none of the existing technologies adequately provide the needed
25  attributes for a truly portable device including lower cost, lower power consumption, non-
volatile memory compactness and easy integration. Thus, there is a need for new types of
memory.
One new memory type is the polymer memory. The polymer memory involves
polymer chains with dipole moments. Data may be stored by changing the polarization of
30  apolymer between conductive lines. For example, a polymeric film may be coated with a

large number of conductive lines. A memory location at a cross-point of two lines is
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Phasel-change gﬁt er: als may, al so be utilized to create nenories. In

phase-’change HPRes malerigls aaay 2dn £ ytlized e ereait memyri¢se [e pivos-ehngo

t enper at Widndries, G HAGEHAR RAGREmE] be bR sRNGRAIERANIS TBlL Al Each phase
i snghar acter irzg by a dg%ect abl gl §e_l eec%b?)is c.a? iPeSI sti vcli@&f _ ﬂlegj 4t ®r i ne the
phase of “Par@aﬁﬁéaﬁflﬁe HeteiigEechmbase l%sl@raéﬁrléwlryaﬁetmylebh:ctrpalssedht hr ough t he
hase- chag@®ivit 6 Habmhif ¢ IS ISk .4 Lkos.The phase: change
gem)ri es ar evggn?vgl ar{n|tl l%egié]}%g%?ﬂgtﬁ rgéﬁgﬁyﬁ}.ﬁ{%gﬁdcs@’ Flérf%f F\%Pﬁl
passed through the phase-change material to detect its resistivity,

15 The phase-change memories are non-volatile and high density. They use relatively
low power and are easy to integrate with logic. The phase-change memory may be
suitable for many code and data storage applications. However, some high-speed volatile

memory may still be needed for cache and other frequent write operations.

Thus, there is still a need for a memory solution for low cost, portable applications.

20  Brief Description of the Drawings

Figure 1 is a block diagram of one embodiment of the present invention;
Figure 2 is a schematic depiction of a package in accordance with one embodiment

of the present invention;

Figure 3 is a schematic depiction of a package in accordance with another

25  embodiment of the present invention;

Figure 4 is a schematic depiction of a package in accordance with still another

embodiment of the present invention;

Figure 5 is a schematic depiction of a package in accordance with yet another

embodiment of the present invention;

30 Figure 6 is a cross-sectional view of a package in accordance with one embodiment

of the present invention; and
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memory t yPesrtelie e"bﬁ‘eoe@é@%?t“i%u aBIrerE orbi ning a plurality of different
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e var

ey bIeO prf?ny rln(ajls%(jstc)trgge of data. AXllolr; 11err1§grr[1)orr}¥ 29 ﬁﬁy ?Je 8rov1ded for gac\lllg rarlxéa frequent
write functions. A phase-change memory 18 may be utilized for both data and code
storage needs and a non-volatile memory 20 may also be provided for code storage
purposes.

The memories 16, 18, 20 and 22 may be integrated within the same integrated

15 circuit package as separate dice in one embodiment of the present invention. In one
embodiment of the present invention, the bus 12 may be integrated in the same die with
the processor 14. Thus, each of the dice containing the memories 16, 18, 20 and 22 may
be electrically coupled to a die including the processor 14 and the bus 12 in accordance
with one embodiment of the present invention. For example, the dice containing the

20  memories 16, 18, 20 and 22 may simply be stacked over a die containing the processor 14
and bus 12 and then the dice may be encapsulated within the same package 10.

By encapsulating the various memory types within a single package 10 with the
processor 14, a solution may be provided to virtually any memory need of any portable
device. Thus, portable device manufacturers may simply use the package 10 and may be

25  assured that a complete solution is available for all their memory needs. This may
improve the standardization of portable devices and, as a result, may reduce costs.

Referring to Figure 2, the package 10a may include a stack of four separate dice in
accordance with one embodiment of the present invention. The lowermost die may
include the processor 14. Moving upwardly, the next die above the processor 14 die may

30 contain the non-volatile storage 20 and the next die above the non-volatile storage 20 die
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die WO 03/038647 P
memories 16 and 20, integrated into the same die. Another die may include the phase-

15 change memory 18, still another die may include the cross-point memory 16 and yet
another die may include the volatile memory 22. In various embodiments, one or more of
the memory types may be omitted.

Finally, referring to Figure 6, a sﬁeciﬁc package architecture is illustrated for the
package 10e in accordance with one embodiment of the present invention. In this case, a

20 substrate 30 may provide electrical connections as well as the bus 12. A separate die 42
may be provided, for example, for the processor 14, and one or more of the other
memories 16, 18, 20 or 22. Still another die 40 may contain another one of the memories
16, 18, 20 or 22 and a third die 38 in the stack may contain still another memory type,
such as one of the memories 16, 18, 20 or 22.

25 Electrical connections 34 may be provided from each die 38, 40 or 42 to the
substrate 30 to provide electrical connections between the processor 14 and the memories
16, 18, 20 and 22 (as well as the bus 12). Any type of electrical connection to the external
world may be provided on the package 10e including solder balls 32, in accordance with
one embodiment of the present invention.

30 Referring to Figure 7, still another embodiment of the present invention may use a
folded stacked package 10f. In this case, the package 10f may be formed by providing the
dice 54 connected by flexible foldable tape 50. The tape 50 may be divided into sections,



may include the cross-point nmenory 16. The uppernost die may include a
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wi th one enbodi nent of the present invention. In this case, a 20 substrate
30 may? provi deAettiblanpthergliepstivie @ fargss diesuchps alpragsssohmabbaye ultipie separ at e di e
42 may b r nor e of
the of her aams OF g e REKRIGT 97 HoglF) PARSERER! oo ROt T

anot her oWé)S@fsOtfhféck?édWﬁpééopOf@iepI@quQOd@r 22 and a third die 38 in the
stack may cont e nori es
16, 18, 20 or %pe t%ébig%en@p] r %ﬁc}% hggﬁér%[é}:é sllcgﬁeg ngb e wa% g R??B%IBQ?P each

di e 38, 4&nkndinéhts, thosdskilled in the art will appreciate numerous modlﬁcatlons and

15 variations therefrom. It is intended that the appended claims cover all such modifications

and variations as fall within the true spirit and scope of this present invention.



substrate 30 to provide electrical connections between the processor 14 and
the nmenories 16, 18, 20 and 22 (as well as the bus 12). Any type of

el ectri caWwomosssdTri on to the external world may be provi @#€d/usn2/s4202 package
1 Ce including solder balls 32, in ac®ordance with one enbodi nent of the
present invention. 30 Referring to Figure 7, still another enbodi nent of
the present invention may use a folded stacked package 1 O. In this case,
t he package 1 Whattaglaipeedfior mned by providing the dice 54 connected by

flexi ble fol dable tape 50. The tape 50 may be divided into sections, WO

03/ 038647 PCT/ US02/ 34292 5 one section including the solder balls 32 and
the di e 52c, ahot hekx pzbaged dregrated ciciuitgompdsihi: €  54a and still anot her
section including tah%cdejser,54b. The sections may be wing folded towards the
center. As a resul P& ace nount interconnections 56 can be made between
t he various di ce 54.voBtiledeemdry) dndconnecti ons 58 may al so be provided. Thus,
in sone 5 enbodi nent S5 the dice 54 may include the processor 14, and one or
more of the menori &STOSTBOMYBEMSY. o 55 Fo| ded stacked packagi ng technol ogy
is available, from Tessera Technologies, Inc., San Jose, California,

95134. _In addition,_ the fol ded stacked packages may in turn be stacked to
forma stack of f thaé’dc%ttqéﬁéﬂ Lincludipgrsfirstidie and assepqnd digs githprsin saidt er nat i ve,

a larger gioGessd G ommidrin REARSAI FRY-phaYRedbtytid B Sid Sbafkse. 0f ot her dice
stacked on top of the processor. For exanple, a processor nay have two
sets of stacked dice on top of the processor die. Wiile the present

i nventi on has deen J: 1 t a4 et

enbodi nent s, tjkglos e T@E ?fl;fdé@ﬁ:éﬁﬂ% %SV hgfe?ps\%ﬁjl f?rgtglﬁ%}l léllcl:l ?ggta}q%%yn%? %LdSaOJuS

modi f i cat thefeouplptisaidproensioatd e goletile memogmndthe dressipninendedryt hat t he appended
clainms cover all such nodifications and variations as fall within the true
spirit and scope of this present invention.

4, The circuit of claim 1 also including a phase-change memory.
10 5. The circuit of claim 1 including a package containing stacked dice.
6. The circuit of claim 1 wherein said package is a folded stacked package.
7. The circuit of claim 2 wherein said first die includes a processor and a non-

volatile memory.

8. The circuit of claim 1 including a non-volatile memory.
9. The circuit of claim 1 including a ball grid array package.
15 10. A method comprising:

providing a processor and a cross-point memory on separate dice; and
packaging said cross-point memory and said processor in the same

package.



WO 03/038647 PCT/ US02/ 34292 6 What is clained is: 1. A packaged integrated
circuit conprising: a processor; a volatile nenory; and a cross-point
menory. 5SwR.03/0ss4Tircuit of claim1 including a first di eramdsa2/seennd di e,
wherein said processor is on said firlst die and said cross-point nenory is
on said second die. 3. The circuit of claim2 wherein said first die

i ncl udes a processor and a bus that couples said processor to the volatile
menory and thdlcroﬂ"ﬁemtmﬂ ofrelpinr 10 indlndilgipackagicgid volatile adeaiory dn @l so i ncl udi ng
a phase- cQaI%: B 0 é The circuit of claim1 including a package
cont ai ni ngP8 Sék‘a @l &8> The circuit of claim1 wherein said package is
a fol ded stacked package 7. The circuit of claim2 wherein sal d first die

i ncl udes a pr ess ti.l e The cir t of claiml
ol udi ng-a” na vore AetorehERy 6 eERaY i broreiionchd FkreRt ng a bal)
grid arr apoifragdagein alﬁldbﬁsta&dmtamge.corrpri sing: providing a processor and a

cross-point nenory on separate dice; and packaging said cross-point nmenory
and said processor in the same package. WO 03/038647 PCT/ US02/ 34292 7 11.

The nmes hod of 1gl ai Mhd ehethida lovelbing1 PREIKEGE Ptk AciNOd Mdsé-EhaMBEREM0HIn &
said package.

14.  The method of claim 10 including providing a bus on said die with said

processor and coupling said processor to said cross-point memory through said bus.
15.  The method of claim 10 including stacking said dice on top of one another.

10 16.  The method of claim 10 including packaging a volatile memory in the same

package with said processor and said cross-point memory.

17.  The method of claim 10 including providing a ball grid array on said
package.

18. A packaged integrated circuit comprising:
15 a first die including a processor; and
a second die including a cross-point memory.

19.  The circuit of claim 18 including a third die with a volatile memory.

20.  The circuit of claim 18 including a bus on said first die coupling said

processor to said cross-point memory.
20 21.  The circuit of claim 18 including a phase-change memory.

22.  The circuit of claim 18 including a plurality of stacked dice.



separate die in said package. 12. The nmethod of claim 10 including
packagi ng said processor and said cross- point nenory in a fol ded stacked
package. W0D13/0386e et hod of claim 10 includi ng packagi ngPaTfisayaehange
menory in said package. 14. The met h&d of claim 10 including providing a
bus on said die with said processor and coupling said processor to said
cross-point nenory through said bus. 15. The nethod of claim 10 incl uding
stacking said dice on top of one another. 10 16. The nethod of claim 10

i ncl udi ng packagi ng.,a vol.ati |l e Mor Vi. | N e sa ckage with said
processor and%gaidq@F8¥%P§§F%W“§§%%ﬁémgf¥gﬂ?%§“%§?H%%ﬂ%% cl ai m 10 i ncl udi ng
providing a ball grid array on said package. 15 18. A packaged integrated

circuit conprising.. a.first die,in¢cludi a .processor; and a second die

i ncluding a CF%SS- J&eﬁfr"q’r{a‘?{%}w%ﬁ@’?&?wg a&%}l@{}ﬁf‘”@fp%ﬁ%ﬁem 18 including a
third die with a volatile nmenory. 20. The circuit of claim118 including a
bus on said first die coupling said processor to said cross-point nenory.
20 21. The circuit of claim 18 including a phase-change nenory. 22. The
circuit of claim18 including a plurality of stacked dice. W 03/038647
PCT/ US02/ 34292 8 23. The circuit of claim 18 including a fol ded stacked
package. 24. The circuit of claim18 including a ball grid array package.



