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Thus, there is a continuing need for better ways to package memory devices.

BRIEF DESCRIPTION OF THE DRAWINGS

15 The subject matter regarded as the invention is particularly pointed out and
distinctly claimed in the concluding portion of the specification. The invention, however,
both as to organization and method of operation, together with objects, features, and
advantages thereof, may best be understood by reference to the following detailed
description when read with the accompanying drawings in which:

20 FIG. 1 is a cross-sectional view of a package in accordance with an embodiment of
the present invention;

FIG. 2 is an alternative view of the package shown in FIG. 1; and
FIGs. 3 and 4 are cross-sectional views of packages in accordance with alternative
embodiments of the present invention.

25 It will be appreciated that for simplicity and clarity of illustration, elements
illustrated in the figure have not necessarily been drawn to scale. For example, the

dimensions of some of the elements are exaggerated relative to other elements for clarity.

DETAILED DESCRIPTION

In the following detailed description, numerous specific details are set forth in
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illustrated in the figure have not necessarily been drawn to scale. For
exanpl e, the dinensions of sone of the elenents are exaggerated rel ative
to ot her wioamwst7a7for clarity. DETAI LED DESCRI PTI ON | n t hedraidozss4sq
detail ed description, nunmerous specific details are set forth in 1 WO

03/ 058717 PCT/ US02/39480 order to. prqvide a thaorough understandi ng of the
i nvent i on.ordgsgRepreyide a thojpugh uwarwg&gé‘? B5A5Ytiom Jlawveygs ltlwé@[’?n the art that
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two or norke usedipdpdicatethal tygor mpgs efpmeatsiarei dirg physiqehoredsehicat wakct put yet

still co- i 14 &P, | i icdlor@n
enbodi rrent?‘;)l %%E?ﬁ&g%cgog%ﬁ%em%%%%nt e%r(gershgﬂ% elie;rll;\gﬁetﬁ%]?gnngl%gl:g@glgriotged. A
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el ectrical.ly. coupled to external circuitr sin nultiplicity of sol der
bal I s 34. ‘P?‘rgﬁtgﬁ'?tﬁcqwfg B Ourﬁrfgbru ts¥e(§8tgpf%(é‘%gr# ¢ lgtg%ﬁtew'g*eat&rﬁg&ﬁrﬁ esent
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alternatively used. Package 26 nmay . .contain an integrate ircuit die 29

at t ached t%sqr}?éd-sﬁ_l?é‘cl gHg %r?%é?gf‘\éi’g"k_é e P Sﬁgmq%&ﬁ@ mAYibEsi ve. The
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el ectrical i1solation between substrate 28 and integrated circuit die 29. 20

Al t er A&t i vislupdersthed thatibe soppe efhe prosept inyentian isowtilimitedte B packages.$8 as to

el ectrical Atl}(er%géfgée% may be alternatively used.
Package 26 may contain an integrated circuit die 29 attached to the substrate 28, for
example using a suitable adhesive. The adhesive may comprise a non-conductive material
so as to provide electrical isolation between substrate 28 and integrated circuit die 29.

20  Alternatively, the adhesive may comprise a conductive material so as to electrically couple
integrated circuit 29 to substrate 28 or the underlying solder balls 34.

Although the scope of the present invention is not limited in this respect, integrated
circuit die 29 may include a non-volatile memory array such as an electrically
programmable read-only memory (EPROM), electrically erasable and programmable read

25  only memory (EEPROM), single-bit flash memory, multi-bit flash memory, etc.

In one embodiment, all or a portion of a voltage regulator circuit may be formed
underlying package 26. The voltage regulator may be used to provide voltage potentials to
be used during the operation of integrated circuit die 29. For example, although the scope
of the present invention is not limited in this respect, the voltage regulator may provide

30 voltage potentials to program and/or erase the non-volatile memory within integrated

circuit die 29.



integrated circuit 29 to substrate 28 or the underlying solder balls 34.

Al t hough the scope of the present invention is not limted in this respect,
i ntegrat edo ogiosgyuit die 29 may i nclude a non-vol atil e mempCy/tsoz/as8euch as
an electrically progranmable read-only nmenory (EPROM), electrically

erasabl e and programmable read 25 only nenory (EEP ., single-bit flash
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underlying int @ggsate&ﬁm@bmwsb 6dingay22-moufretl oftt0ddeo PaSadeBingauaRent s 60- 61
may i nclude conponents such as capacitors, _inductors, resistive elenents,

or ot her i¥pekptraicad “é@&ﬁ%rneéﬁ‘ingleé.‘él%é'i‘ adhgsivey & h“@ﬁﬁ?’bbg PBPPIST Rcuitry,

vol tage r &gl Bhlcti¢d ﬁ‘nﬁt@h&l I’sﬁfch Bl br epéhﬁ)réoédgébo&y'bosas th plovide eR@Ficdreant to be
exhaustive as any nunber active or ﬁa55|ve devices nay be nolded in

packad® 26siliticidstweenl passmg@nnp@emﬁ% tagd eebsgate ﬁﬂ&yAb@u thetseape®f at t ached
to the undt [ rﬁ ggls%‘l'}léfoﬁgseno Lm ecp 1n tﬁlg e%%e%g f(%lrsl}] QQencljatR/F eﬁ%@&m%ﬁs usi ng an

adhesive 1 rve naterial such as,
for exanpl hesive Bpﬁawcoﬁiprn@dssom cpmdm\zmiaenad:xm (er d. Galterpastt)solagta edsetrimaliyveen

passi ve conmponents 60 and 61 and substrate 2 t he f th
present i riPEPIEIPBITIVESORBRNENtS APOLE 'i“FFg’EaFﬁd§“F‘§§§€3? %IF‘UH%P S%l?tiaéﬁ‘?f‘g‘i%l \?e

enbodi ment gyer nAYBESAYR ad BesiFRY, bEOHRY beliBss HAMRLERDAURAliNRerBS &th Addube- -
sol der paste) so as to electrically couple passive conponents 60-61 to

i nt egrl® edheopyearali thichness ofpackage26.hi ckness of adhesi ve
Wire bonds 20 may be formed between integrated circuit die 29 and substrate 28 as

shown in FIG. 1. Alternatively, or in addition to, wire bonds 20 may be formed between
passive components 60-61 and substrate 28. Wire bonds 20 may provide electrical
connection to integrated circuit die 29, substrate 28 and/or any of the underlying solder
20  balls 34. Although the scope of the present invention is not limited in this respect,
integrated circuit die 29 may be molded in a non-conductive encapsulant 24 to form a
molded array package (MAP).
Although only a few passive components are shown in FIG. 1, it should be
understood that in alternative embodiments just one or all the passive components
25  associated with the operation of integrated circuit die 29 may be mounted to substrate 28.
In addition, it should be understood that the scope of the present invention is not limited in
application to only non-volatile memory devices, or only to memory devices in general.
As shown in FIG. 2, passive components 60-61 may be mounted so that they are
centrally located 33 within an array of solder balls 34, although the scope of the present
30 invention is not limited in this respect. This may be desirable so as to enable footprint

compatibility with existing non-PSIP packages and save on cost of new test hardware and
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| ayer nmay be varied as desired, but may be |l ess than about 0.1 mllineters
so as to reduce 15 the overall thickness of package 26. Wre bonds 20 nmay
be fornmedwbetmessn7 i ntegrated circuit die 29 and substrat e PE3/s82/3%BOWN i N
FIG 1. Alternatively, or in addition to, wire bonds 20 may be forned

bet ween passive conponents 60-61 and substrate 28. Wre bonds 20 may
provi de elRsietedicirapit beagien ddaweys: t"d‘ltFWl"‘%Yj’re&ib@G‘"Eﬁ“?scl&ﬁsi‘vecﬁ"é]pfge,mss%&t rate 28
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present invention i1s not [imted in this respect, ‘integrated circuit die
29 may be Glohajde plavedamorhers on theanidetyingrusipenif auhstratg 28 & taks ifoaccawdt ded arr ay
package (NAR t hough. an SSl in FIG 1,
T shoul d et o QA Pritnyr HEYPERT AR RERRRAR M. AR A" 31

t he passi weeatOnponents 25 associated with the operation of integrated
circuit die 29 may.be pmounteq to substrate .28.. In addition, it should be
under st ood t hat"# t'%ﬁﬁ@'ﬁ?f g‘fsﬁéblﬁfoe%LQﬁtf&’? ﬂéee?ﬁplaff’hveicgmﬁ?ﬂen{giami/f’%d in

appl i cati agidePbARIY sbMar hOh@glitloEpd¥BINOEIMEHRAVILEEB61 BllesOtHay tHeelgRNET Y devi ces
in general. As shown in FIG 2, passive conponents 60-61 nay be nounted so

that they saider balls At sathaypassegogmponents A0t 4o nok ingriess Wikt mewtiB Pa4sagy s 34,
al t hough %%ieto P n@og&rﬁ?orm €Rithousfl tH WERIJFAR PrésefHvehtidi iSRSt 1 N this

respect. This may esl rat())?pg so as to enable footprint conpatibility with
exi st ilfy riomitddSh Fhipmepeaiy ds othercengmdiments of dwtpresentimigntians suchas tegr e and 3 WO

03/ 058717 PCT/ U 9480  print rcuit b | . _
enbodi mentEoNBILECy S TS SAmD B Ui Wi B Ehe P ek BN tagr B 400 T o

of sol der (halgassivd4omipbnenthciotd] @Rtengaaithee octoapbien tubstide 2H1 Tirayeiple pl aced
anywhere on the underlyin ur.face of I@ybstrate 28 to take into account
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ComROn, TR0 308 8343kl 1 A Bl RSO Sh P okast Lhe
15 60-61 do not interfere with the use and mounting of package 26.
Turning to FIG. 4, yet another embodiment of the present invention is described.
To further reduce the risk that passive components 60-61 would interfere with the
mounting of BGA package 26, it may be desirable to mount passive components 60-61 in
a cavity 400 in substrate 28. Cavity 400 may be formed in a variety of ways. For example,
20 although the scope of the present invention is not limited in this respect, cavity 400 may be
machined, pressed, or etched out of substrate 28. Alternatively, substrate 28 may be
formed by combining several substrates that have different thicknesses.
Accordingly, the embodiments illustrated in the figures demonstrate a power
supply in package (PSIP arrangement where at least portions of the circuitry or
25  components associated with the operation of integrated circuit die 29 may be mounted to
substrate 28.) Package 26 may substantially maintain the form factor of corresponding
non-PSIP packages (e.g. separate packages for the memory device, for the passive
components, and for the voltage regulator) so that package 26 may fit within the space
allocated on boards for corresponding non-PSIP packages that perform substantially the
30 same features. As a result, a compact package 26 may be achieved that has lower

manufacturing costs while substantially maintaining the form factor of corresponding (but
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sol der balls 34 so that the height of passive conponents 60-61 is | ess than
the height of solder balls 34 so that passive conponents 60-61 do not

i nt er f er ewaioBhssTount i ng package 26 to ot her conponents oPChampz394s@l t hough
the scope of the present invention is not 10 linmted in this respect. In

ot her enbodi nents of the present invention, such as those shown in FIG 3,
passi ve cdﬁﬁ@ﬁ@%ﬁ§v@@°8fs kagfe a hei ght greater than solder balls 34
(i.e. passive GORRARARLFeafResOF tRthRAAGHAE bEdAGTusRENATFdckerdey Rtbmt r at e 28) .
The height may be conpensated for by having a cavity 300 or ot her recess

i n the | oonanyonodificatiprs, substitptiang, cbirgetiiand podvatentsoy il agyoaeir lythess passi ve
conponents t t. with the
use and m)un%):Ol th%? f Itqiﬁlse}e\@%’qg%?ﬁr}l@%&%dﬂﬁ%ag%ng& fﬁég%ﬁ@?ﬁ%ﬁ&d. ment
of the 5pr mﬂtalllsﬂMEllﬂbdlﬁmtIOBS ahd shangbeat. fall Wohlhtﬂtettherspmedﬂhemwrmom sk that
passi ve conponents 60-61 would interfere with the nounting of BGA package
26, it may be desirable to nount passive conponents 60-61 in a cavity 400
in substrate 28. Cavity 400 may be forned in a variety of ways. For
exanpl e, 20 although the scope of the present invention is not limted in
this respect, cavity 400 may be nmachined, pressed, or etched out of
substrate 28. Alternatively, substrate 28 may be forned by conbining
several substrates that have different thicknesses. Accordingly, the

enbodi nents illustrated in the figures denonstrate a power supply in
package (PSIP arrangenent where at |east portions of the circuitry or 25
conponents associated with the operation of integrated circuit die 29 may
be nounted to substrate 28.) Package 26 may substantially maintain the
formfactor of corresponding non-PSIP packages (e.g. separate packages for
the nenory device, for the passive conponents, and for the voltage

regul ator) so that package 26 may fit within the space allocated on boards
for correspondi ng non-PSI P packages that perform substantially the 30 sane
features. As a result, a conpact package 26 may be achi eved that has | ower
manuf acturi ng costs while substantially maintaining the formfactor of
corresponding (but 4



WD 03/ 058717 PCT/ US02/ 39480 nore expensive) non-PSI P packages. Wile
certain features of the invention have been illustrated and descri bed

herei n, woamg/osgdi fications, substitutions, changes, and @equivsat/zass wil |
now occur to those skilled in the art. It is, therefore, to be understood
that the appended clains are intended to 5 cover all such nodifications and
changes as_ fall within the true spirit of the invention. 5 WO 03/058717
PCT/ US02/ 3938%: Cains: 1. A non-volatile menory package conprising: a

substrate havi ngagofivbati f 8mSegpnd surface, the first surface
overlying the second sdre?‘g%é)?f%cg%qicnt gg%a ‘ed circuit die including a
menory array nousnbstdtethevinge fifst sisfacsandfageernd surfachahelidssturfatesoveryidg a passi ve

conmponent ) gent?efg taet he second surface of the substrate. 2. The
non- vol at i f'&%5® ﬁ"‘{/fo%)ackage of claim1, wherein the passive conponent is

10 el ed ri cal | yanGephtedlcitcit direandlitiens mboryGirag mblintel © theXfirsildfacemi- vol ati |l e
menory package of claiml, further conprising an array of solder balls
mount ed t dhe HOSEBSM ate. 15 4. The non-vol atile menory package of claim 3,

wher ei n the pasgiayev e OMBORENhotrled th dcAbQfd SRRIcE B thY sWstrdté.n the array of
solder balls. 5. The non-vol atile nenory package of claim4, wherein the

passi ve conponent has a height |less than a height of the solder balls. 20

6. The non-vol gzg &+@nmi¥e rnaﬁ%ggg?&%e &e iim}whe@@ﬁfﬁipassmﬁ‘comgﬁﬁnve

conponent is east a porti voltage regulator circurt coupled to
t he i rMtGegredoattally cauplet! talihe integrated circuit die.

3. The non-volatile memory package of claim 1, further comprising an array of

solder balls mounted to the substrate.

15 4. The non-volatile memory package of claim 3, wherein the passive component is

located centrally within the array of solder balls.

5. The non-volatile memory package of claim 4, wherein the passive component
has a height less than a height of the solder balls.
20
6. The non-volatile memory package of claim 1, wherein the passive component is

at least a portion of a voltage regulator circuit coupled to the integrated circuit die.

7. The non-volatile memory package of claim 1, wherein the substrate comprises a
25  cavity and at least a portion of the passive component lies within the cavity.
8. The non-volatile memory package of claim 7, further comprising an array of
solder balls mounted to the substrate, wherein the passive component has a height less than

a height of the solder balls.

30 9. The non-volatile memory package of claim 1, wherein the passive component is

mounted to the second surface of the substrate with an epoxy material.
6



7. The non-vol atile nmenory package of claim1l, wherein the substrate
conprises a 25 cavity and at |least a portion of the passive conponent lies
wi t hin t hwoaawss7yz 8. The non-vol atile nmenory package of @caiuroZ/394Burt her
conprising an array of solder balls nounted to the substrate, wherein the
passi ve conponent has a height less than a height of the solder balls. 30
9. The non-vol atile nmenory package of claim1, wherein the passive

conponent is  MRUERnlvBIaliREnSREPPAKSI Frafmtn Of widign fheRpdyahferni t h an epoxy
material. 6 WD 03/058717 PCI/US02/ 39480 10. The non-vol atile nenory

package ofbetegn thedassiteenomppnenhanddhosupstragg is tesgtham ahope® h mikigmepasigi ve
conponenttﬁ@g(%pe substrate is less than about 0.1 mllineters in

t hi ckness. ¥1> The non-vol atile menory package of claim1l, wherein the
passi vé& conponent is mounted to the second surface of the substrate with a
conductive materi.al. 12. The non-vol atil.e menpor ackage. of claim1,

Wherei n ¢ he paddt Die neBABBAE TR OTs bk P e et P PSSP or . 13,
The menor yis dpMhe@tothe SdeaddButfaceTeeaubstiaavithid @gdatiedmaterigiui t di e includes a
flash nenory array. 15 14. The nenory device of claim1, further conprising
a plurality of passive devices nounted to the second surface of the

substrate. 15. 1A FRIPAL oRiIRRGKFEpafad JTRRIMY @ vilerdiPtHEBHRIVE c6MPTHehS! NY:

provi ding a substrate having a first surface and a second surtace; 20
mount i1y tihdudesna-cepicheridren mdnadery to the first surface of the substrate; and
nmounting a passive conponent to the second surface of the substrate. 16.
The nmethod of claim 15, further conprising:

13. The memory device of claim 1, wherein the integrated circuit die includes a

flash memory array.

15 14. The memory device of claim 1, further comprising a plurality of passive

devices mounted to the second surface of the substrate.

15. A method of packaging a non-volatile memory comprising:
providing a substrate having a first surface and a second surface;
20 mounting the non-volatile memory to the first surface of the substrate; and

mounting a passive component to the second surface of the substrate.

16. The method of claim 15, further comprising:
mounting an array of solder balls around the passive component to the second

25  surface of the substrate.

17. The method of claim 15, wherein mounting the passive component includes

mounting the passive component within a cavity in the substrate.

30 18. A method comprising:

mounting an integrated circuit comprising a non-volatile memory array to a first

7



mounting an array of solder balls around the passive conponent to the
second 25 surface of the substrate. 17. The nethod of claim15, wherein
nount i ng Woe3pssys? ve conponent includes nounting the pas®CTrasoza@snent
within a cavity in the substrate. 30 18. A nethod conprising: nounting an
integrated circuit corrpr|5| ng a non-volatile nenory array to a first 7 WO
03/ 058717 spdagegdaspsyasandsyrf ace of a substrate; and nounting at |east a
portion of a V%otuﬁ a{t‘?&w g,mronfo@a%l%@e%gqnaww@ée@orfafsu;ft&ofmebstrate t he
vol t age regul at or ng electrically coupled to the non-volatile nenory
array. 5 Itbstiteethawohagd reghlatdr being ?J@Ctrlﬁahlb'tCh@*edcf@ﬂ’}?rTiOmVﬁ@tlimmqng an array
of solder balls to the second surface of the substrate. 20. The nethod of
claim 18, Wi&rei n nounti ng at least a portion of the voltage 10 regul ator
i ncl ud®&s nounting a passive conponent to the second surface of the

bstr at 21. The net m 20, wh t
componant to-t e BeaBntrasy  pue b Hdher dent Rt fREE el 08 Bl onent i n
a cavity i tﬂdh@c&lﬁ@ﬁﬁfd’c@bﬁthe sibstrate.

20. The method of claim 18, wherein mounting at least a portion of the voltage

10  regulator includes mounting a passive component to the second surface of the substrate.

21. The method of claim 20, wherein mounting a passive component to the second

surface includes mounting the passive component in a cavity in the substrate.



