18 APRIL 2006 WO 03/038647 | PCT/ US02/ 34292 Packaged Conbi nati on éme Y (Flgr
El ectroni ¢ Devices Background This invention relates generally 1% Ho?9025
or storage for electronic devices. A wide variety of nenory is available
for a vari ¥OP38886¢heci al i zed applications. 5 For exanpl e, PGUSRI3292 nenor i es,
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relatively fast access tines. Thus, electronic devices using a conbination
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menory.  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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suitable for r;lany 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



Figure 3 is a schematic depiction of a package in accordance w th anot her

25 enbodi nent of the present invention; Figure 4 is a schemati c I8ePRIL 2006 Of
a package in accordance with still another enbodinment of the present

i nventi on;whlogses7> 1S a schematic depiction of a packaggdrysgssasdance with
yet another enbodi nent of the preseng invention; 30 Figure 6 is a
cross-sectional view of a package in accordance wth one enbodi nent of the
present invention; and 18 APRIL 2006 WD 03/ 038647 PCT/ US02/ 34292 3 Figure 7
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t he present. . jnvention. .Detailed Description Referring to Figure 1, a
packaged i HEEFEFUIEMByit device 10 may include a bus 12 5 that couples a
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The memories 16, 18, 20 and 22 may be integrated within the same integrated
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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



and bus 12 and then the dice may be encapsul ated within the samgsparraa904.0.
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om tted. another die may include the volatile memory 22. In various embodiments, one or more o
the memory types may be omitted.
Finally, referring to Figure 6, a sp'ecific 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,



Finally, referring to Figure 6, a specific package architecture is
illustrated for the package be in accordance with one enbodi nerd8 APRILRE06
present invention. In this case, a 20 substrate 30 may provide el ectri cal
connect i OR§o@$034Ed;! as the bus 12. A separate die 42 nay pegnsomuheied, for
exanple, for the processor 14, and ong or nore of the other nenories 16,
18, 20 or 22. Still another die 40 may contain another one of the nenories
16, 18, 20 or 22 and a third die 38 in the stack may contain still another
menory t ypene seaim inchding ritee wrdextﬁaﬁs seeand thiealie 526, andtBer seddion ﬁncﬁﬂmgm& IﬁI ectrical
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section inﬁ;lldstdsanceﬂb&kagee 54b, The sections may be Wi ng folded towards the
center., . As a resu ter onnect nmade bet ween
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enbodi nents, those skilled in the art will appreciate nunerous nEUPREAIENS
and 15 variations therefrom It is intended that the appended clainms cover
all such nodifications and variations as fall within the true spirit and
scope of this present invention. 18 APRIL 2006 6 What is clainmed is: 1. A
packaged conbi nati on nmenory conprising: an integrated non-volatile nenory
first circuit cwrRik Slaiigedaisfirst nmenory type, said first circuit to mass
store data; an integrated volatile nmenmory circuit to cache and make frequent

wites; an integratgdadkafsd@nititditn FRARVR émaé conprising a second
menory type, said second circuit to store b ata and code; an integrated

non-vol atile third mnnclagnatedmnpm!atlhgnan@mlﬁrst cirewib cgmprysiieg a fissaimgmoty r d

circuit to_staor. second, and third nmenory types all being
di fferent Wp%ﬁ?lgrfgsqch%’t"ﬁg masg OII gaeg’sor d| e coupled to said first, second,

third, and non-vol atanligtegramdvolatitd metotysircit o catke andf Mikeeftdqaentiwrites; sel ect ed
one of said circuits; .and a sem conductor_integrated circuit package
containing said fir safl intggratsd qon-volatitesecod FinqBih CUBPTIting %SQ?B%F‘W‘@W cuits as

wel | as s?gpe leggg&%g circd to@%e%@ﬂmf?éa% cbd@l m 1 wherein said first circuit

is a poly menory. e nenory of clarm'l wherein said volatile menory
circuit is a dynam an mtagd@mnaowekmlermnd)pryculwcom'pmmlg@rtbmj'mfnocy tpen 1 wherein

sai d second ui t rcuit e.menory of
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of claim lemhuﬁl@rﬂ@nahndtﬁa§t two integrated circuit nenory die and said
processor die within said integrated circuit package. 7. The mermory of claim
| wherein said packe@g}ﬁo?%%qr@éfe%ouéﬁﬁﬁ%ﬁac‘%ﬁ‘éﬁde%o&fjdhlré’r%‘éé‘%ﬂplai@ coupl ed nost
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menory, a dynamic ran
a semiconductor integrated circuit package containing said first, second,

third, and non-volatile memory circuits as well as said processor.
2. The memory of claim 1 wherein said first circuit is a polymer memory.

3. The memory of claim 1 wherein said volatile memory circuit is a dynamic

random access memory.

4. The memory of claim 1 wherein said second circuit is a phase change

memory circuit.

5. The memory of claim 1 wherein said third circuit is a flash memory

circuit.

6. The memory of claim 1 including at least two integrated circuit memory

die and said processor die within said integrated circuit package.

7. The memory of claim 1 wherein said package includes contacts and said

processor is coupled most directly to said contacts.

8. The memory of claim 1 including a polymer memory, a dynamic random



18 APRIL 2006 7 access nenory, a phase change nenory, and a flasikwﬁdr%h%g.
A met hod conprising: packaging within one integrated circuit package a first
circuit conprising a first nmenory type, said first circuit to nass store
data, an integrated volatile nmenory ci?cuit to cache and nmake frequent
wites, an integrated circuit non-volatile second circuit conprising a

second NenMRicYsstnydifory SPhithsS 8APE membH hd & RashiRéRoyot h data and code, a third
circuit to store code, said frrst, second, and third circuits all being

non-vol atile nmenories and being different fromone another; and formng

wi thin said sang pac sor die coupled to said first, second,
and third non-\r}%l at i'ikg%?rlemr(rit?roﬁ{ggglglgd said volatile nenory such that said

processor to store ipatkagifs withinione intsgehted tiedhitqaekapt afabttircuit cothprésingld. The
met hod of ¢laim9 includi packaging in said package .a polynmer nenory as
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circuit. 12. The nmethod of claim9 including packagi ng a phase change nenory

as said sewapiingsassegnd meraoryxgpe, aié sepond oidcuitito slosd both data@nd dodega prskagi ng a
i ncl.udi ng

fl ash nmenor. aid t,hir ircui 14 ., .The t .of cl ai
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di e i n sai shdidgadifferedtfront loge adth@dandl cl ai m 14 i ncl udi ng coupling said
menory die to package contacts through said processor die. 16. The met hod
of claim9 includi ngopaiRgythinsaid sme prekagsmpracessitbiecatnted tp saidfirseory i n

sai d packaggond, and third non-volatile memories and said volatile memory such that said

processor to store information in a selected one of said circuits.

10.  The method of claim 9 including packaging in said package a polymer

memory as said first memory type.

11.  The method of claim 9 including packaging in said package a dynamic

random access memory as said volatile memory circuit.

12.  The method of claim 9 including packaging a phase change memory as

said second memory type.

13.  The method of claim 9 including packaging a flash memory as said third

circuit.

14.  The method of claim 9 including packaging at least two integrated circuit

memory die with said processor die in said package.

15.  The method of claim 14 including coupling said memory die to package

contacts through said processor die.

16.  The method of claim 9 including packaging a polymer phase change and

flash memory in said package.





