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Suppl i es For Integrated rcuits Background This iflvention rel ates
general | y t¥WO0&B¥iSques for providing a source of power to BAI/USGFH0Yr at ed
circuit. Al integrated circuits require a power supply. Commonly, the
power supply is its 5 own integrated gircuit, which electrically couples
to the powered device. For exanple, the  powered device and the power
supply may both be attached to a printed circuit board and connected to
one anot her through el ectr i cal Proyiding %%%géerU|t board. As a result of
the need for a separate Eaweypiipsgs £ : geiitsl y power, the overal

si ze andBCost.of t he resultlng conponents may be increased. 10 Thus, it
woul d be=&es+{abl e to provide a power supply that reduces the size and/ or
cost of the empisehRglis feldtePscDBTY to Belniiudese dpfomﬁhfgh Surde s Jovantags
figure 1 is a schematic depiction of one enbodi nent of the present

i nvent i oftegIgedgigmite 2 i s an enl arged, cross-sectional view of another

embodi ment of \iePLRatyd AMSILL BB Chylaiad SELGIRL SpfiERi R | o0 of

still another e sent

“enl ari;]edom@hﬂég:‘ratﬁ@ﬁifrdnﬁﬂ&}hloh &wuﬁﬂaﬂy&buﬁﬂgtd’tﬁé p@waedi ldaaaé ‘Pér dxbeppy; dwent

i nventi on; (?ure 5 is an enlar cross-sectional viewof stl [l anot her
embodi meRfwesed davice q@déh@mwrﬁv mﬁy both brttacked 1@ aprgved GrAH hogn of the

o 05 S cepr et dud LAY fyeh WEILOIRS bn i AREBLRHD A0 result of e

cross-sectional view o | men i nvent i on.
Det ai | echeb® $mra qepirar 1&%§ﬁ|terdldmguﬂtm fipplir govier, the syati sizband dost6f itey nount a

battery 12 _coupled to an
J y resul t?ng cg)mponents may be increased.

10 Thus, it would be desirable to provide a power supply that reduces the size and/or

cost of the end elecirical product.

Brief Description of the Drawings
Figure 1 is a schematic depiction of one embodiment of the present invention;
15 - Figure 2 is an enlarged, cross-sectional view of another embodiment of the present
invention; |
Figure 3 is a schematic depiction of still another embodiment of the present
invention;
Figure 4 is an enlarged, cross-sectional view of yet another embodiment of the

20  present invention;

Figure 5 is an enlarged, cross-sectional view of st111 another embodiment of the

present invention;

- Figure 6 is a boitom plan view of the embodiment shown in Figure 5; and

Figure 7 is an enlarged, cross-sectional view of another embodiment of the present .

25 invention.

Detailed Description
Referring to Figure 1, a system board 10 may mount a battery 12 coupled to an

integrated circuit device 14 that may be a flash memory, for example. The device 14 may

30  include a power supply in package (PSIP) 16 in one embodiment of the present invention.




integrated circuit device .that may be a flash menor for exar@‘Ze.\jUﬁwgﬂgﬁ
device 14 ma 30 .i ncl ude a power supply in package { P) 16 in one

enmbodi ment \5%_‘13{9@’767 esent invention. 0 (r) ' 27 JUN 2006 WOPQBUSSHPRLE

PCT/ US03/ 09017 -2 In effect, the powg?_supply Is integrated right into the
sanme integrated circuit package that orns the device 14. This -may result

i n consi deec#bttethe pewennupplyris sitegated dight inorihefarhditegrasd birdrigpavhagethatO.

However, cother  i.nt.e ted circuits on the sane bogrd, such as integrated
Circuit SomS epf%\}cﬁg{]gnﬁﬂ%%yéesﬂg\}%f’m @‘?C‘}Ph%nq%ﬁsé@f&g%ﬁmé‘iqf t 20
coul d ber&upploitRerdd. @ separate integrated circuit power supply. However,

the use of separate power supplies partially defeats the purpose of
i ntegrating tFowssak othsuiptdgyatedciocuts ondesdame bbdrd, Mechyastivipesatal cirbeiti26es on a

syste 0_aof, _processor-hased. systens not,, be activated at the
came 1) natndnst o bRl it gl iRl Py e sip R e o0 da a
bus may hgs@ated Cir@bt potddr Q6hAY. m®e§@%etﬁh€'@f sepraff Yovier SR Ifes pﬁrtifaH?Sh menmory

device is generally not activated at the sank time a static random access
_nemory (SRaa tepurpase of intetratingtbe pomerpply inthéhaidwiiael44 is not being

utilized, its 6 -b el ectri.cal coupl.ed link 18 to an

i ntegrated ci lr\@%t%p%ﬁ? E@%ﬁoegggﬁgpg?mmguﬂ- ?lon?fpfg"%?gyaﬁ% WY 3%e on a

print ed lod activited bt dama tite. FabetiniratdiffientybdeHemcty tars @eBihat ed 15

circuit board. Thus, when the device 14 is in operatioh, it Teceives power

f r onht heaBips maysnevian baagtivated @y thesame time. it onerexappleat flosh memerypdewise f r om
the PSIR anpl i . ive int t £ euit, h
tngg [t a5 FTAN iR R he S ARE H e RGeS ISR r 010
redy b

e deccesabdltheoahamvirtthe devied 14 Reebaag ikiAdpitorimel @gdy beonal pover

supplies for.qagach conponent . Therefore, the cost of 20 the system board 10
may al s& G0 sewrled tha gk d§ 1o m intessyrd ciseniicd(: Farexaupleathedinkd 8ray r educed
since it I : i | I H.gur a
packaged T aaine BAEp ke Gy ol i dietitlihodiHels b Rok 0 0 DRt
and23b, cooet pomsit Thug dvheh thealdraedytiein operationsit esteb@i pewtr bmithePSIr esent

inventiﬁg. Vglgee gi 24aJ(;rIHy be couplJed to a PSIP 16_via a link 26. The die
24b 25 My ‘b %gﬂé&el SEREINARSTIRR, the PPWERivE thohiel ¥oway bpeumdpd 16. As
| ong astd ARIEECRLE e died & 'é%ﬁcﬂ'ﬁttﬁgglgégﬂtggcﬁui{m same time, as

described previously, a single’in pac
As aresult, the size of the system board 10 may be decreased because it is not

necessary to provide additional power supplies for each component. Therefore, the cost of
20  the system board 10 may also be reduced. The cost of integrated circuit 20 may also be
reduced since it may not need its own PSIP circuitry. '
. ) o Referring to Figure 2, a packaged integrated circuit 22 may include a pair of

spaced dice 24a and 24b, one positioned above:the other, in-one-embodiment.of the

_ ‘present invention. The die 24a may be coupled to a PSIP 16 via a link 26. The die 24b
25 may be coupled to the die 24a to receive power from the PSIP 16. As long as the dice 24a
and 24b are not operated at the same time, as described previously, a single in package
~power supply 16 lhay be wtilized to supply both dice 24a and 24b, for example, using an
electrical coupling 28 to supply power to the die 24b through the die 24a.
In'one embodiment, the packaged integrated circuit 22 may include a plurality of
30" solder balls 30 to make external contacts. However, other package architectures may be
utilized as well.
Referring to Figure 3, an electronic system 32 may include a plurality of integrated
circnits including the integrated circuit (IC) 38. If the regulator 36 and integrated circuit




power supply 16 nmaybe ui@i zed to supply both dice and 24b, Z@r JUN 2008
exanpl e, using an - electrical coupling 28 to supply power to the die 24b

t hrough t heW8i%/08M2% | n one enbodi ment, the packaged i ntegrREBHSB0PETI t 22
may include a plurality of 30 solder_halls 30 to make external contacts.
However, other package architectures naybe utilized as well. Referring to
Fi gure 338sambination osdsa loyst supplydoitege thare vthdeccnpinantalof the sybteinr2e rimt ed

ircuits jncludi i nt d.circuit, (1C 38. If th | ator 36 and
it ogr at AT Bt S Es O EsER b s potes e epar BouRR 0. 38 o
conbi nati on U$Rweded, @ WRIgl <SP ¥u fn@ﬁﬁehﬂﬁibd%ﬁ%rvo@ﬁg@%ﬁ?&g cffuit he system

32, it is difficult totest all "the conponents in the syStem 32 using a
si ngl e pélgErenthmiay be sonweted to thabpawgr supye Theuthsliytegratedivércutt B8 azéd and a

I ' ' ' | d h ly.
Then' ¥ he AR Bt Erton o 3aalns 80 Lythes care 6 BbMs HHERGR SR r oce ve

a | over yeldr@ieea SHEB 40 QulkEe! MepausitaMtRInsitkipRoRelidcatpRicl tddhe t est
voltage. In particular, the input supply voltage supplied to the system 32

may be dFisfpedZ mpytedropred dydhaivadipps Aigrpingsipuil elemeatit4 gul therisupplied Bupp! i ed

the regut SRl 26, TR hAF v QU Leal bB3p BTy R eeisted g ' °°°
dr oppi ngvdtage to theéhtegrandd céuitdy. si nply be one or nore transistors or

di odes in sone enmbodi nents. Each of the transistors or diodes may drop the
suppld  vol t alfee WRltagy dippping cirgpit glepent Hemay sipwdy; be ane/e) mexgdrangistora 41t i pl es

t hereof . 4; | e ' ' ' C may

gl ude 0850 po 80 ghBadfl? Kot Bin BaRRHAARE ofidel sk RIS
erfcapsulailagaby i7ntodg) @t g othdr diredholli wltd@e, of henltigles thereoff0 may include its
own di screte caonmponent 44 for purposes of supplying a s}g&_}(ol y voI,tage from
within the p g4 Figngs 4.cpdnispatedcauipackags 41 swpeniuda 2 substiglg oBe an

I nt egr at; ' : r ' ' . ecur ed
by o sui f Qb o oot A BRAPuAl 22 H, GlRLAl Carl ARG brdth GRAO RO CCL

di e 140. dit40 thiay cucknde itsoompodiscrete4dmpayend d4 26 pairpases bfsupplyingaipippty t o bond

pads 42%0&2@6 frlgnq wi '1t1 t % }:I;ac ff rtﬁ:[ %gr g)éarni:p é,tthedcl:li(sacrgt% c:[opnrpgggnq 4%1123%( be an

integrated inductor or capacitor.

The discrete component 44 may be secured by a suitable adhesive 46, in one
embodiment, to the integrated circuit die 40. The discrete compbnent 44 may be
20 electrically coupled to bond pads 42a and 42b on the integrated circuit die 40 through wire
bonds 48a and 48b. The use of wire bonds facilitates the attachment of the discrete
component 44 electrically to the integrated circuit die 40, Thus, an integrated circuit

package 41 may include its own power supply, with discrete components, all packaged .

together.
25 A wire bond from the discrete component 44 may also be attached to the subsirate

in another embodiment. The discrete component 44 may also be adhesively attached to

~the substrate 50 and may be wire bonded to the stbstrate 50 in another embodiment,

Turning next to Figures 5 and 6, an integrated circuit package 60 may include a die
62 within an encapsulant 70 in one embodiment of the present invention. A discrete
30 component 64 may be secured to the underside of the die 62. Again, the discrete

component 64 may be an integrated capacitor or inductor, or other component to enable an

in package power supply. A substrate 66 is formed on the lower surface of the.




bonds 48a and 48b. The use. wire bonds facilitates t attachrzr? 0’% g
di screte 3})02‘%?%% 44 electrically to the integrated circuit di®'4
an integraté 7t package 41-may include its~wn power EGHHSYS090%G ¢ h
di screte conmponents all .packaged togetgther. 25 A wire bond fromthe

di screte cor’g%wgnni jg may al so_be att(ﬁﬁged to the substrate in another
enbodi merfCaPpRianiy{Cs v evesdhp Sbsttte 22 hasin epcasepalnmraan (kibgt allomgdied t o
t he SUbSttﬁé‘faﬁsa%Qo?'&fédl?afetg%oﬁ\iﬂ}ﬂ&ﬁenp@@ded to the substrate 50 in another

enbodi ment.” Turni ng next gures 5 and 6, an integrated circuit package
60 may i ncl udé\sa e, tl&a)amuguéﬂ)mymaﬁewh@nbﬁrdbacmseml&re[mﬁdl ment of the

resent i.nventio A di te 30 _conponent 64 may be secur
indor si dASREERGE Hepueepthe frafe 66 md thectiscaete cowaéw%éﬁtpaﬁyﬁtvob&ea%ﬁ
i nt eggat %@ﬂﬁ%@ﬁ'béﬂfal B&rtfoﬂ%%tfﬁ{esu%tra@é &?rT sﬁ?&%&@%hﬁﬁ@ﬁh@e ?E\:ne PR

package power supply. substrate 66 Is forne rsur
S 27 J UNEO@ECW@SO@IWT@B)IWM@&MG@O@@T@E dhroughnsd e blaBsn 68, 10 ondHowever ,

t he substr 66 cent ortl on . 71.that allag for the
pacsage” SRt O RBsele R fan el prAle WhE bl OrEnsatial® 60 oy have

a | ower pg@pddeit Mﬁ%ﬁym&éﬁdﬁe 8Rap duﬁt@dwﬁzﬁﬁ%ﬂ&ag;sg@ﬁt\ﬁgen the substrate 66

and the -di screte conponent 64, particularly be se of the open central
portion 71 of ThiseasshosmriatRigses, fhhélsswtjsmoaeﬁleﬁwomwawdj@ rebede mi cal

conn ti 0 _the exte i or_envir for exanp r sol der balls
" Pl e Bl e SR i R ARE i tiepet <504 hiod TR e bon

connectlmstrﬁ%ﬁ and ARy be QIRRIGM! whktoltaterBRyy ﬁzﬁlﬁraﬁﬁﬁlh&’éﬂ e fheApsy| at ed

WI h encapsul ant 73. Thus, as shown in Fi gure 6, e di Screte conponent 64,

cor porhroughthe ysriesal gep ensated by fhe q@a&t@@@np@\ﬂmsv@we 66 andihesolder balls
throughé e open central portion 71 in the substrate 66 and may be
suspended, " without interfering with any underlying structures, through the

vertical gap Rufesingto Biukd1g, maﬁrmtérﬁitb@mbaanﬁdae thélpadkagd @anxﬁayaiﬁdhﬁbﬁnsm der
balls 68. Referring to Fi gure , in an alternate enbodi nent, the ackage

60a lfray SPFePSHaRt We- Ths disehpeyhave 2 panof comtactipadse2 imeye rabedimept|
contact Bads phds v ef%%c%fi%?&lté@? H{etalﬂ_@goatmgs 72 on the sides of the discrete
component 64. Thus, the component 64 may simply be plugged into the receptacle
defined by the contact pads 74.
While the present invention has been described with respect to a limited number of
20  embodiments, those skilled in the art will appreciate numerous modifications and
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.




contact pads 74 electrically contact netallic coatings 72 on the sides of
the discrete conponent 64. Thus, the 8onponent 64 may sinply be plugged
into the receptacle defined by the contact pads 74. Wi Iﬁdg&ezopéesent
invention has been described with respect to a [imted nunber o
enbodi\iBNnt Saimefse skilled in the art will appreciate nunmerous

nodi fications and variations therefrom It is intended that the appended
cl ai ms. £RY¥BEd @nlprisingh nodifications and variations as fall within the true .
spirit andscope of this present invention. 5 27 June 2006 Wiat is cl ained
i s: 1supflyimgpbwet tcaniplegsicdgircustupipg y poger BoMmy packagad witinthe ghtedk el it t usi ng
a powererge hglinfegrated citgaitiwhért dhcorpenenhisegriabesdatonrandi t to operate the

i nt egrat ed circuit when a conmponent is not in operation; and selectively
suppl %E?f?a wwﬂ%pq"fﬁé t%tbﬁgﬁwn%m HERGGe Poreer SERbY to SERSPE Jhetcemepnenkientiee
conpo Louitig ot in gpeelPht ed circuit is not in operation. 2. The nethod

f cl d i
O o1 2L bt ST EhA SRR o RS AL S FRASES,

_power to an i nt egr at ed ci rcwt conpri ses supplying power to a flash
Menor ¥.Thé metd@ ondkdif adwidreif bdpWing poWkias Si ﬁte@%@&'cﬁbﬂ%oﬂﬁr‘f&E stp%lytnB ‘%o@&@é’nent
conprilzsRsesappl yi ng power to a nenory. 5. The nethod: claim wherei n
suppl yi ng power to the conponent conpr|ses suppl yi ng pomer to a conponent
on a hdae methad whdlaih 1t Weeréin seylyag edwerite theicomgomenttdom priseseuppyingpbyerdo e
mount 88O, The nethod of claim1, wherein the integrated circuit is a

first ggt g@r aéed circui t?”z]i?%p\/\/lnerelq[’]{dosupp ?%@&Og\é\ﬁ%a;oppt hewg‘g{ggg)gent
et N S Rt e g “supply. 7. The

supp! pHwaBoRYM bR rBcont PSRN ddIntbd}etel Bt d
the prIethe SitdbiRledrated cirdUit@nde Gﬂer% pihy.al m 7 vvhere| n SUIOIO |ng power
conponent conprises supplying power to a conponent electrically coupled to

t he ihiTegmathedlofaiairs dj whetan su@pging eovze \ethe tdihcnght cofprisen b@plymb poweaitd gui t . 9.
The metirotenbipackdged witl7 theviiegrated cicuppid/theigovEosspt 0 t he conponent conpri ses

suppl gll ng power to a
The method of claim 7, wherein supplying power to the component comprises supplying power to a

component electrically coupled to the integrated circuit to receive power through the integrated circuit.

h
met Oéj Tﬂé m(é{h% B?cr?alm We?é Aihg W&Jréf%&'ﬁcﬁ) g-%';‘lrs% ‘ate ?ed%ﬂ %ﬂg Ov géggéf éﬁr@ an d

9. The method of claim 7, wherein supplying power to the component comprises supplying power fo a
component electrically coupled to the integrated circuit through a via to receive power through the
integrated circuit.

10. The method of claim 1, wherein supplying power to the component comprises supplying power to &
component electrically coupled to the integrated circuit to receive power through the integrated circuit.

" 11. The method of claim 1, wherein supplying power to the component comprises supplying power to a
component that uses a supply voftage lower than that used hy the integrated circuit.

12. The method of claim 1, wherein supplying power to the component comprises dropping voltage supplied
to the component.

13. A method comprising:

__supplying power to an integrated circuit using a power supply packaged with the integrated circuit in an
encapsulant; and

selectively supplying power to a component using the power supply when the integrated circuit is not in
operation.




conponent electrically coupled to the integrated circuit through a via to
recei ve power through the integrated 8ircuit. 10. The nethod of claiml1,
wherein supplying power to the conponent conprises suppl y-ng,poygr to a
conmponent el ectrically coupled to the integrated circuit to receive power
thr ough 1B & etral 68GAHaY, \EHeFeﬁr\JéL@ I in%ﬁoweﬂ&?a%%gfgfj Qfcuff Ic@rhﬁﬂsé‘s uﬁlﬂ@ﬁ&é&er to
suppl YinfdehoROWer to the conpon ht onprises supplylng power 1 onponent
that uses a supply voltage |ower than that used by the integrated circuit.
----- 45.-The method 3f clalh & 3 eterardsupplying power fo anihegraied cibduP Porvirees PPRIRg pever Be
conpoaédagh reewmgpy.i ses dr oppi ng voltage supplied to the conmponent. 13. A

nmet hod conpri sing: supplying power to an integrated circuit using a power
suppl ¥8-gae Retjed olglaim 18yeerain sugplyngBover fcatamuionenh pompsisesegyoplvingpowen ioch

sel ect'®P&Yy suppl yi ng power to a conponent using the power suEpIy 'V\ﬂeg tpe
I nt eg cireuit .ig,nqt in eration. 6 27 June 2006 14. The nethod o
ol o mia e pRtp b Sl ool Bl s el B e e B

suppl yrig power T0o "a nmenory. P50 TRe" et HotP o > P m 13, her ei n suppl yi ng
. POVET 14 ahémeinBl Siiih 88, viHeFdiithd infeBFd HEt a_§aﬁe{m§£§tee.emn.aﬁ&whe?em.mwan o
MENDI Yowet b a cooR@il B@ﬁf)ri@és Sub@liRg Botver WEIRbAY iStHREY biRdit PAWESedlsBpaatel) nent
conpr ihs @St istepratedicheuitRaieie pbergupgienory. 17. The net hod of claim 13, wherein
suppl yi ng power to a conponent conprises supplying power to a conponent on
a boat Theameahpa of ddfire 18, mtherginasuprlying paner to sagvchpbinmt poowvmeisessuppying Eover lseunt ed.
18. THREPRBRMh BRFkagedetithitn integratap eiraalt and the phwerégpit ed circuit is a first

I nt eggﬂafqed o r‘fgfic ing?g vm'e_resiiun léup%g%%qog\%\é\gn to a corgg&n{gt CanaFi ses
suppl % g A from
UG R s e e e e L
13, Wil RetbPa b 9o, RAMRT, .0 PRSI UonBONRE 3P BRI huRPRE" O a
COMD ORI S o e A G LA e el ‘lw%sﬁ%w y. 20.
The nekefa@detcu! aim 19, wherein supplying power to a conponent conprises
supplying power to a conponent electrically coupled to the integrated

Ci r cud2 Theometbaof\ckain O3vevhereinrsopiiing goever totaagmabetit aintpeiststsupplying power to a
component electrically coupled to the integrated circuit to receive power through the integrated circuit.

| 23. The method of claim 13, wherein supplying power to a component comprises supplying power to a
component that uses a supply voltage lower than that used by the integrated circuit.

24. The method of claim 13, wherein supplying power to a compenent comprises dropping voltage supplied
to the component.

25. A method comprising:
supplying power to an integrated circuit using a power supply in a package with the integrated circuit; and

selectively supplying power to a component external to the package using the power supply when the
integrated circuit is not in operation.

26. The method of claim 25, wherein supplying power to an integrated circuit comprises supplying power to
a memory.

27. The method of claim 25, wherein supplying power to a component comprises supplying power to a
memory.

28. The method of claim 25, wherein supplying power to a component comprises supplying power toa
component on a board on which the integrated circuit and the power supply are mounted.

29. The method of claim 25, wherein the package is a first package and wherein supplying power to a

component comprises supplying power to an integrated circuit in a second package separate from the first f




21. The nethod of claim 19, wherein supplying power to a conponent

conpri ses supplying power to a conponént electrically coupled to the
integrated circuit through a via to receive power through,the -qhgt egrated
circuit. 22. The nmethod of claim 13, wherein supplying power to a conponent
conprises supplying power to a conponent electrically coupled to the

| Nt egB@TRE netrod bf diaith @5 VReRINVEPRPHE povkd iP4 I dohht LM FRELLBRlyiRd hdwet foa 23. The
et hoeonddonent #aiusks 2 sUSBY WitageI oW tiAnight DL tHeQntdgr&RIBRURNt ~ conpri ses
supplying power to a conponent that uses a supply voltage |ower than that

used by the integrated circuit. 24. The nethod of claim 13, wherein
suppl yi ng power to a conponent conprises dropping voltage supplied to the
conponent. 25. A nethod conprising: supplying power to an integrated
circuit using a power supply in a package with the integrated circuit; and
sel ectively supplying power to a conmponent external to the package using
the power supply when the integrated circuit is not in operation.
--------------- 26. The nethod of claim 25, wherein supplying power to an

.integrated circuit conprises supplying power to a memory. 27. The method

of claim 25, wherein supplying power to a conponent conprises supplying
power to a nenory. 28. The nethod of claim 25, wherein supplying power to
a conmponent conprises supplying power to a conponent on a board on which
the integrated circuit and the power supply are nounted. 29. The net hod of
claim 25, wherein the package is a first package and wherein supplying
power to a conponent conprises supplying power to an integrated circuit in
a second package separate fromthe first package. 7 27 June 2006 30. The
met hod of claim25, wherein supplying power to a conponent conprises
supplying power to a conponent that uses a supply voltage |ower than that
used by the integrated circuit.




