WO 03/ 085725 PCT/ US03/09017 -1 Providing In Package Power Supplies For
Integrated Crcuits Background This invention relates generally to

t echni quewofoensyedvi di ng a source of power to an i ntegrateed/usos/ewit. Al l
integrated circuits require a power supply. Commonly, the power supply is
its 5 own integrated circuit, which electrically couples to the powered
devi ce. For exanple, the powered device and the power supply nmay both be
attached to a printed circuit board and connected to one another through
el ectrical traces on the circuirovidowrld Pagleaga result of the need for a
separate integrated circPowertSuppligsdor Imepmted Cibmitover al | size and cost of
the resulting conponents nay be increased. 10 Thus, it would be desirable

to prowd Ubwer supply that reduces the size and/or cost of the end
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i s an emkgragddijrcuitoss-secti onal view of anot her enbodi nent of the present
invention; Figure 3 is. a.schenmatic depictiop of still another .enbodi ment of
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connected to one another through electrical traces on the circuit board. As a result of the
need for a separate integrated circuit to supply power, the overall size and cost of the
resulting components may be increased.

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

cost of the end electrical 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 still another embodiment of the
present invention;
Figure 6 is a bottom 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.



Figure 7 is an enlarged, cross-sectional view of another enbodi nent of the
present 25 invention. Detailed Description Referring to Figure 1, a system
board 10 way3fmeirat a battery 12 coupled to an i ntegratedPcirrusosd/ooodevi ce 14
that may be a flash nenory, for exanple. The device 14 may 30 include a
power supply in package (PSIP) 16 in“one enbodi nent of the present

I nvent 1A BffedHe PoRBP Ak yHE ThtkihaRd @fbd iito t1é shimeehtbated diloeit paskage sappl y is
integrated right into the sane integrated circuit package that fornms the
devi ce famms thpdgviga4r EhigmrayiteswinsPaudeable ceyondon size reddiptien ellifict i on of
the r | d 10. However, other integrated circuits on the same
board,?gélﬂl(h:tgﬂgz’a%a?ﬁ €grated circuit 20, 5 nmay then need a power supply. The
i nt egr at ed doveaviet, o2iker dtegratel eirsnipydn thd sinie Bosdpachbeintegrated catw@t2@i r cui t
power supply. However, tg{ﬁ use of separate artially

ower, _suppli.e
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shar i nglefeats thaperpbee aihteghitiag teypover supiip irde thexdstved 14t the sanme tine. As

one exanple, a flash nory device .is nerally not activated at the sane
time a stat Manrya%ﬁslrﬁ%@éggf’ ﬁ%’)ﬁ?‘i}n P%ﬁﬂ%’) q%r?m %@é’g’é%%sy?tﬁ{?é PR ever the
devi ce pldciigatitPht tREbA8e b FélGkanipls dﬁﬂrg’ntlj:tﬁ)é%%f nRehor@ kREinel th@kdnye coupl ed
by a link 18 to an integrated circuit 20. For exanple, the link 18 may be

a 8t aldatajbve negy revpr beacsivated ptibie sampe img. iAs ene expbols Adlash WeeEE d4vicchoard 10
Is a printed. 15 circuit ard. Thus 1en the device 14 is,hR~operation, it
receiv %g%@YWESFH%%eg zg%}eﬁamf m’%%‘\é@% F@da@\ﬁcgeéss ffrx?osryﬁw& 1_ perati on,
t he powBEestddoMHuRewiiSlcRerkfie GBYNcEt BWRPbéiag utitigedioPHEY 16 may b¥e i ntegrated
circuit, such as the integrated circuit 20. As a result, e size of the

syst emelsstically govrlgd bea digk 8 4e aninkesraiad eireuit 2@ Fegtexample, thte link 18 may
be a metal line on a printed circuit board in an embodiment where the board 10 is a printed
15  circuit board. Thus, when the device 14 is in operation, it receives power from the PSIP
16. When the device 14 is not in operation, the power from the PSIP 16 may be supplied
to another, active integrated circuit, such as the integrated circuit 20.

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.

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 may be utilized 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

circuits including the integrated circuit (IC) 38. If the regulator 36 and integrated circuit



necessary to provide additional power supplies for each conponent.
Therefore, the cost of 20 the systemboard 10 nay al so be reduced. The
cost of iwDegmnsi7esl circuit 20 may al so be reduced since itCrasose0ineed its
own PSIP circuitry. Referring to Figure 2, a packaged integrated circuit 22
may include a pair of spaced dice Z4a and 24b, one positioned above the

ot her, 38rcoaftenativhaged®lvived bupgpievolfuge slemtothdr\cenipoaents dhe dygerd 4, iy be
coupled.to a PSIP 16 via a link 26. The die 24b 25 may be coupled to the

di e 244liffigultée tastall Pswermprras inrbe pSiom 35 using 2isiiede RV REPRIVce 24a  and 24b
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package power supp maybe I"”zed to supply ce a and 24b,
for exabghent 3d snaypesonnedtatiorthat powensipiply g the irgegrpted cirovie3s twl t he di e

24b through the die 24a. In one enbodi nent, the packaged integrated circuit
22 ray If iitaa%g sombipatien gy aqcelvg@qg%f?fd‘gﬁtagapv@ téeusﬁbt%grax%e@?%ﬂ Al
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Referring to F 3, anele I C system may | nc e a plurality of
i nt egr aystdm 32 megyib¢ dropped bidthegottiage dropmigg airewt elementi 34 fnid@herB8ippliéd tohe

regul at or .36 and, integrated circuit 3/,085725 PCT/ USD3/ 09017, -3 38
Conbi ndtTURES SRR FocbdFI NP e 1B T R BRI RUTIBRERE LTS« he syst em
32, it vioRkagdhofthé mibdrate@ cir@ft 38! | the conponents in the system 32 using a
singl e power supply. However, a single power supply may be utilized and a
vollgage dr opliiernpliege duoppinglcaniheleguntddmpyp sioigiy be pegion moreHeamsistoreer suppl y.

Then the jntegrated. ci.rcujt rrequl ator. 36 conbi pation may receive
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may be dropped by the voltage dropping circuit element 34 and then supplied
to a vol taé@f@@@thFt@H%.aﬂm@g@fﬁmm‘;ﬁm@@@ge A graydpdpdagsybstretgs® provi des

the regyhal &flboditleh?9%n teﬂcabgﬁaﬂt %&qﬂiﬁn%gps(ﬁila{tg o htgﬁ?ated circuit die 40. The

15  die 40 may include its own discrete component 44 for purposes of supplying a supply
voltage from within the package 41. For example, the discrete component 44 may 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 component 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 substrate
in another embodiment. The discrete component 44 may also be adhesively attached to
the substrate 50 and may be wire bonded to the substrate 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



10 The voltage dropping circuit elenent 34 may sinply be one or nore
transistors or diodes in sone enbodi nents. Each of the transistors or

di odes nmewyodsogsehie supply voltage by .7 volts, or any otPkarusosiemshol d
voltage, or nmultiples thereof. Referring to Figure 4, an integrated circuit
package 41 may include a substrate 50 in one enbodi nent. An encapsul ant 52

may encagpyhiahe7BrHowERg) tht etbsthte ©6ilias di epetdcenitabporfidn @l ¢had alloves/for ncl ude
its own discrete conponent 44 for purposes of supplying a supply voltage
f r om witkgwassageot Saccdisgetesompprsnt 84anpl e, the discrete conponent 44 maybe an

| ntegr at ed iAdyCLOR Y pEARGLAS Ay nFS, BURELRIT GAARNNRNE iédy may be secur ed

by a suitabl'e adhesive , 1 n one odi , tothe integrated circuit
di e 40.int¢Heredécsloateten the splstatet 664khdriey disereRoalppotutitdapdriicdadypbeduseo bond

ads 423 .and 42b on the integrated circuit die 40 rough wr bonds 48a
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integrated circuit package 41 may include its own power supply, wth
di scr etembodimane Ths sutsirateg@akapdsh provige twiey bondz oangutions 6diedhé r om t he

di screte co 44 so be att.ached.to the.s trate in another
enbodi ,ﬁﬁwppggﬁgﬁgf@@?aé&g&(?%%ﬁgﬂ?api%a%a)}v it %alﬁséllaé’gﬁzsi vely attached to
the subst r at®ushsaRewhRY FRRGrdd, tige HeeRGolPohde 63LSsHBfaed0 prdviddat her
enbodi ment. Turning next to Figures 5 and 6, an Integrated circuit package

60 lftay in padkagepewel wipply2may pritida threvghnihs epemeetol pertiondl éwBedi nent  of the
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i nt egr ahwdgle fpacitiql g crefddiby e, cotbireitiog fof derbstend 66 ancthakbdlderullsi n
package power supply. A substrate 66 is fornmed on the |lower surface of the
WO 03/ 85725 PCT/ US03/ 09017 -4 encapsul ant 70. However, the substrate 66

has an open genit,8ko BRutd £1n 4 aftd}hite FdbBUfindnlthe package 60a may include an

15  encapsulant 70a. The die 62 may have a pair of contact pads 72 in one embodiment. The
contact pads 74 electrically contact metallic coatings 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.



t he passage of the discrete conponent 64. As a result, the package 60 may
have a | ower profile because there is no interference between the
substr at ewb663asx123 he di screte conponent 64, particul arly Perass®09057 of the
open central portion 71 of the substéate 66. The substrate 66 may provide
el ectrical connections to the exterior environnent, for exanple, through
sol der ygh ksc188ediist one enbodi nent. The substrate 66 may al so provide wire
bond connections 69 to the conponent 64 that may thereafter be
encapsul ated wi th encapsul ant 73. Thus, as shown in Figure 6, the discrete
conmponent 64, i ncoLpRr.at .0 _provide an 10 in package power supply, may
protrude through g&é’gé’ﬁ& Ig%{lg'al portion 71 in the substrate 66 and may
be suspended, vviq;main'glatpecliagedhgegmtt:clhciamitwﬂlﬂenﬁlypmagﬁpqmaumdy; t hr ough
the vertical gap created by the conbination of the substrate 66 and the
sol der apdl |s 68. Referring to Figure 7, in an alternate enbodi ment, the
package 60a may i : a6lb1@ eBedr emave a pair
of contact pads ?@g#tﬁ%%@g%%gﬁgg%’?&%ﬁgg)wglg%?g%@pads 74 lgilbglctri cally
congactwhektled integratedtirouiisis Adt astivé.he si des of the di screte conponent 64.
Thus, the conponent 64 may sinply be plugged into the receptacle defined
by the contact pads 74. Wiile the present invention has been described with
respect to g | i miuRgAHADS! clfth 1 RenRHAsbEHgS pdckesed isteplateddctiicnitt he art
wi || appreciate nunmerous nodifications and variations therefrom It is
i nt endebntdrgitwitthen iagpelegepovknsupplicover all such nodifications and
variations as fall wthin the true spirit and scope of this present
i nvention. WD 03/085725 PCT/US03/09017 -5 What is clainmed is: 1. A nethod
conpri si ngli 3pr oViTiehfetBoderdagetinchidegy moeiding 4 satkhgadi ihfegered dircpiickage

ower su ;
g ﬂag}?milemory with an in package power supply.

10 4. The method of claim 3 including selectively coupling the in package power

supply to another integrated circuit memory.

5. The method of claim 4 including selectively coupling the in package power
supply to another component on the same system board with said packaged integrated

circuit.

15 6. The method of claim 1 including packaging said package integrated circuit

and said another component in the same integrated circuit packaging.

7. The method of claim 6 including electrically coupling a pair of integrated

circuit dice within the same package.
8. The method of claim 7 including coupling said dice through a via.

20 9. The method of claim 1 including supplying power to a component that has

a lower voltage supply requirement.



and sel ectively coupling the in package power supply to another conponent
5 when the integrated circuit is not active. 2. The nethod of claim1l

i ncl udi ngwproawstehg a packaged integrated circuit nenory P@Irtusozo0oin
package power supply. 3. The net hodﬁgf_ claim 2 including providing a
packaged integrated circuit flash mory with an in package power supply.
10 4. The mephod Tok nedtleddofZliime indiudipgskbmpng thel voltegeigiplied ta $.ed i n package
power supply to another integrated circuit nenory. 5. The method of claim
4 incl G8MBGNENE| ectivel y coupling the in package power supply to another
conponent on the sane system board with said packaged integrated circuit.
15 6. The nethod of claim 1 including packagi ng said package integrated
circuit andlsai d\ systenheompusigpnent in the sane integrated circuit

packagi ng. 7. The netho f..claim.6.including electricall ing a pair
of integrated ciarF@ﬁIIt(atgegiﬁg% l’i}ﬁe%rﬁ{yﬂ Cfrﬁlélggla?ﬂﬁh%a%ﬂlg&élq aé.m Cé{ggr%?%é% of claim
7 iRgcl lggli) gd;lgupling said dice through a via. 20 9. The nethod of claim1l

i ncl udi ng}ﬂs’uppl ying power to a conponent that has a |ower voltage supply
requirenent. WO G3%088Ads copirdIseaiddnpackage power sUPRY.- met hod of claim 9

i ncludi ng dropping the voltage applied to said conponent. 11. A system
conprising: a packaged first integrated circuit including a die and an in
package powgp, 5 THéRRpst¥m ERthim 11 wherein both of said dice are in the same package.

13.  The system of claim 11 wherein each of said dice is in a separate package.
14.  The system of claim 13 wherein said dice are coupled by a via.
10 15.  The system of claim 11 wherein only one of said dice is supplied with

power at any time.
16.  The system of claim 11 wherein one of said dice is a memory device.

17.  The system of claim 16 wherein at least one of said dice is a flash memory

and the other die is a different form of memory.

15 18.  The system of claim 11 wherein said first integrated circuit uses a lower
voltage than the second die, said first integrated circuit including a voltage dropping

circuit to supply a test voltage to said circuit die.

19.  Anintegrated circuit comprising:
a die; and
20 a component for an in package power supply secured to said die, said

component being wire-bonded to said die.

20.  The circuit of claim 19 wherein said component is adhesively bonded to

said die.



a second die coupled to said in package power supply. 12. The system of
claim 1l wherein both of said dice are in the sane package. 13. The system
of clai mwo oalogd7es n each of said dice is in a separate pa®kagso3odd:r The
system of claim 13 wherein said dlcegare coupled by a via. 10 15. The
system of claim 11 wherein only one™0df said dice is supplied with power at
any time. 16. The system of claim 11 wherein one of said dice is a menory

device. 17. The Eystem of claim 16 wherein at | east on% of said dice is a

flash menor ¢1. andhereérceit Réplagn &9 W@“@“&ﬁaﬁ‘i EPBRNSPEISANGOL RSEPYP 15 18. The

system of lal rst integrated circuit uses a | ower

vol tageo?%%lﬁlgtc}?a]cjag%{:\% a]aﬁﬁ{sdg?téffl rst integrated circuit including a

voltage dropping circuit to supply a test voltage to said circuit die. 19.

An integrated circuit conprising: a die; and 20 a conponent for an in
hadeqGompnt

package pow@l2 sup%!%ﬁt S{“@' said die, said conponent being wire-bonded
to said die, , G hBbin} For¥AGh Pl 3BipBwes cths;
adhesi vel y bonde(Pt ag‘fﬁ%&ﬁie Ie. CV\{i!IDI%OBI 08%725 %hCT/%%B)SI 09%{??13&6% 21. The

ci rdui tandf claim219 wherein said corrponent is one of the group consisting
of a capacitor and, ({]duct @9 hod conprising: packaging a die
and a conponent 8 3P4 ﬁ%[ﬁ%onﬁB Bly together;: 5 and wire
bondi ng said conponent to sald di e.

23.  The method of claim 22 including adhesively bonding said component to
the die.
24.  The method of claim 22 including stacking the component on said die.
10 25. A method comprising:

coupling an in circuit power supply component and a die in a package; and
mounting said die on a substrate having a central aperture and causing said

component to extend through said central aperture.

26.  The method of claim 25 including providing solder balls on said substrate.
15 27.  The method of claim 26 including encapsulating said die.

28.  Anintegrated circuit comprising:
a die;
a component for an in package power supply secured to said die; and
a substrate having a central aperture, said component extending through

20  said central aperture.

29.  The integrated circuit of claim 28 wherein said substrate is coupled to

solder balls.



23. The nmethod of claim 22 including adhesively bondi ng said conponent to
the die. 24. The nethod of claim 22 including stacking the conponent on
sai d di e.wODB/02525 A net hod conprising: coupling an in cir eartuspaoet’ suppl y
conponent and a die in a package; ang mounting said die on a substrate
having a central aperture and causing said conponent to extend through
sai d centraBpaperthdhgtegrafed chioeit amlmmdz&fncnicﬁmm Qﬁqtimmhlsaiidm@e prdowiddi ng

sol der balls on said substrate, 15 27. t hod of aim 26 including
encaps PEpPRRRt hayiag ainectalliged supfaceodpsis e s@i Qqrtact 8’6?&5& A8 ng: adie a
conponent for an in package power supply secured to said die; and a
substrate having a central aperture, said conponent extending through 20
said central aperture. 29. The integrated circuit of claim 28 wherein said
substrate is coupled to solder balls. W 03/085725 PCT/US03/09017 -8 30.
The integrated circuit of claim28 including a contact on said die and said
conponent having a netallized surface to mate with said contact on said

di e.



