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Package Background This invention relates generally to integrated circuits
and partiwolanbyos o desi gns for packagi ng an integrated ecrasor/3gsie. 5 An
integrated circuit chip may be fabricated on a substrate, which nmay be a
silicon wafer, by mcroelectronic processing. Typically, a nultiplicity of
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encapsulatlon o} for protection. A Power Supply In Package (PSIP)
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punps | ocat hOUkibstihds W thin the sanme package with 20

t he die. eg?§§%1£ﬂ§0F£§kﬁ?éaJ d#%lsfzgs reduce fabrication costs. The

ext er nal | ndudmdméuad Idac geedpohpeleatitalis egupkdste leétﬁ@akﬁafé‘rsi“\)’el{@‘i"‘?"@ﬂlﬂle difeenent s
such s [ Hded vWhtAbig t§ he package with
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hesi t ant do@AndésiBns RloRcis frdin b@ﬁmﬁaaldﬂmnagommmdmemdnss@ammdmmgn of t he
board |l ayout to accomobdate the | arger package size. In some cases, extra
board reatreedipht e may be difficult

15 The process of packaging the die may include attachment of the die to the package,

oC

the bonding of wires from leads on the package to pads on the die, and encapsulation of the
die for protection.

A Power Supply In Package (PSIP) design replaces capacitive charge pumps in a die
with inductive charge pumps located outside the die, but still within the same package with

20 the die. The resulting reduced die sizes reduce fabrication costs.

The external inductive charge pump includes discrete passive circuit elements such as
inductors and capacitors that are included within the package with the die. As a result of the
lack of integration of the charge pump into the die, the resulting package is generally larger.
Thus, cost savings may be achieved, but the price may be larger package sizes.

25 The larger package size may be a problem in some applications. Designers may be
hesitant to use PSIP parts because doing so may require re-design of the board layout to
accommodate the larger package size. In some cases, extra board real estate may be difficult

to come by.
Thus, there is a need for PSIP packages that substantially preserve non-PSIP form

30 factors.



to come by. Thus, there is a need for PSIP packages that substantially
preserve non-PSIP form 30 factors. WO 03/061005 PCT/ US02/39514 -2- Bri ef
Descri pt iwo oefostobe Drawi ngs Figure 1 is an enl arged crossPseaisonsslhs vi ew of
a package for an integrated circuit in accordance with one enbodi nent of
the present invention;, Figure 2 is an_gpnlarged cross-sectional view of a
package for an integrated circuit in 5 accordance wth another enbodi nent

of the pr e i X&R FROD Figure 3 is a bottom plan view of the

enbodi rreng%fro?mr‘[h—ln"ér{g%%r‘er@g& Detai |l ed Description Referring to Figure 1,

a ball grid arHigure ( B@h)enfaegel agpes-se0tional view of d aaakegarot an iptegrateiGirewbindi nent  of
the present i.nvent. RS, 12 that may be electrically

on may j.nclu a X
coupl ed t¥° Q?réclgﬁv{hO@ffgﬁ?cll?q?‘tﬁgﬁﬁé)regmnﬁft| plfcity of solder balls 25. The
package 10 mayFiguredligdnreniafged diRgsatiadhi ciewmfin padkiage fodarmintegaakeddirtait inhe

substrate 12, for .exanple ysing a i tabl e. adhesiye 18. |In one enbodi nent,
a set bf I6NIpEMi "@E’s‘?“ﬂ’éd‘E’%ﬁb‘@fﬁéﬂ?@“%‘ﬁ"?ﬂ&mf@ forma charge punp

| ocat ed ext er magiry 36§ a bdimdilsh idw oflihe embsginBRRhGviliaFigune2.16b may be
attached 15 to the upper surface of the die 14, for exanple using the

adhesive 18. The charge punp conponents 16 may include inductors and

capaci t or geniliepRLRRRHVe 18 may be an epoxy adhesive. Further, since the

charge punp conponents 16 are |ocated in the package 10, al beit outside
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adhesive 18. In one embodiment, a set of low profile passive components 16a and 16b form a
charge pump located externally of the die 14. The components 16a and 16b may be attached

15 to the upper surface of the die 14, for example using the adhesive 18.

The charge pump components 16 may include inductors and capacitors. The adhesive
18 may be an epoxy adhesive. Further, since the charge pump components 16 are located in
the package 10, albeit outside the die 14, the package may be Power Supply In Package
(PSIP).

20 Wirebonds 20 provide electrical connections between the substrate 12 and the die 14
as well as between the substrate 12 and the passive components 16. A protective
encapsulation 24 encapsulates the die 14 and components 16, forming a molded array
package (MAP).

By using PSIP, a smaller die 14 size may be achieved. However, conventionally the

25  package 10 size would exceed the form factor of a non-PSIP package including generally the
same electrical devices because of the lack of integration of the components 16.

The package 10 may substantially maintain the form factor of a corresponding non-
PSIP package so that the package 10 may fit within the space allocated on boards for
corresponding non-PSIP packages that perform the same function. As a result a compact

30  package 10 may be achieved that has lower costs while substantially maintaining the form

factor of corresponding (but more expensive) non-PSIP packages.



25 package 10 size would exceed the formfactor of a non-PSIP package
including generally the sane electrical devices because of the lack of

i nt egr at iwo oebetbe conponents 16. The package 10 nmay substamitusad/s9fi4rai nt ai n
the formfactor of a corresponding non- PSIP package so that the package 10
may fit within the space allocated on foards for correspondi ng non-PSIP
packages that performthe sane function. As a result a conpact 30 package
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form factor ensi ve)” non-P ackages. WD
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as user - dhSRRRSEH1 LRMEYhaES surfabemesHiag thegadsbrelcdinperientsnaro e slaastemRunt i ng
the passive conponents 16 to the substrate 12 eside the die 14. Referring

to Fi gur ebeside the digldk her PSI P enbodi ment, a ball grid array (BGA) package
26 may includgyg rlh%tfoq:géu% AL Eﬂo’ilf‘eFPSIPCEn?ooaQne'ﬁp‘d'%ﬁgnd)ﬂra@ éBGlA?)bﬁ@(Ta@e 28. The

upper surface o the substrate 28 may be encapsul at ed usin
encapsul a6 moay lBGUdmamn@gl@kdnmtet dlem%mpw%b@ea supgrates28e [l beunpeeariage fonnect ed
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the | PACe”d rate sive conponents 32a and
i ncl udi nQé ik Blduﬁtailyszomedtedaqaamrnablcscuimyus‘mg amalltiphigityyef splderpballedht ed

ext er nal |O(¥‘ to ndh%“gg%? fetognthe S&Bﬁtra}f% FaSivedy T 35§neR§ 2@5&&@&1&1@1 re 3,

the conp er'the su hin a tentral

field 33 mmftorm JA@acfltbﬁendyffom’Dd clargelpalpdo@id eSubabiyjtoant disptseed bpmethage 26
is attached to external circuitry by surface nmounting the solder balls 34.
In one enBddicfnt the height of the passive conponents 32a and 32b does not

exceefs the h@i&éﬁm@fo Hif\fe §Qhéj&fmﬂ@ﬂédt§323lﬂay Wsatached ainder tHeliabgpasigv e
conponents 32 nmay i ncl uded
within a central ﬁeld 33 that may be free of solder balls 34. Subsequently the package 26 is
attached to external circuitry by surface mounting the solder balls 34.
In one embodiment the height of the passive components 32a and 32b does not exceed
the height of the solder balls 34. As a result the passive components 32 may be included on
20  the lower surface of the BGA substrate 28 without increasing the height of the package 26
from what it would have been if the passive components 32 were integrated inside the die 29.
Thus the package 26 has the advantage of a smaller die 29 size because of its PSIP design
while it still has substantially the same form factor.
While the present invention has been described with respect to a limited number of
25  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.



20 the | ower surface of the BGA substrate 28 w thout increasing the height
of the package 26 fromwhat it would have been if the passive conponents 32
wer e i nt eyoasedionhsi de the die 29. Thus the package 26 hasTiusez/advant age
of a smaller die 29 size because of its PSIP design while it still has
substantially the sane formfactor. Wyle the present invention has been
described with respect to a [imted nunber of 25 enbodi nents, those
skilled i htthelalrntéd\!gi | I appreciate nunmerous nodifications and variations

t her ef ront "3'* $4"Pht’ended that the appended clai ms cover all such

nodi fications and variations as fall within the true spirit and scope of
this qresent inven iork pr 03/10%%919;5@5@&%159%&39514 -4- \What is clai ned
is: 111. A padkagePBr<eBhILPLEFF ORI UE T e E8®prising: 2 a substrate: 3
an i npegrated circakdbstthit€ nounted on said substrate; and 4 a charge punp

including a passive conponent .nounte n sajd.die and 5 electrically

coupl éd to said di %“,‘“Wﬂéfeaicﬁc% eHE?P%ﬁ(gPrb??“{fobgéﬁ?eda dgrrponent fromsaid die
is legs 6 than or,egdal pub iddudihd Spasdivecomigdert ankimge ovtaicdiaiand 1 i ncl udi ng
a ball grid array with nultiple solder balls | attach&d to.qs/gi d lsubstrate.
1 3. The ofrstricaliecaypled tasa dic.wwret the SHERPIQAANTSUA SRPINENIEATLA YR ¥ '8Pt ached
to saigd 1 €quat tdhe mii€ pPackage of claim 3 wherein said adhesive
attack?mﬁ%an?dé léero- di spensed 2 epoxy. 1 5. The package of claim 3 wherein
said conponent and said die are electrically 2 connected to said substrate
using wire bopds. K206 Rl ladhlodd WRS Gt mSRbR seRBPRNent i s an
inductlor. 1 ?I Thiﬁhg%agggggpg%lﬁgﬁaicm lIn%\ia\l/neirnéi n said corrpgnent is a

capaci2t orattache8 to Shitbsupsiclteage of claim 1 wherein sai d package is a nol ded
array package.

1 3. The package of claim 2 wherein said component is adhesively attached to said
2 die.

1 4. The package of claim 3 wherein said adhesive attachment is user-dispensed

2 epoxy.

1 5. The package of claim 3 wherein said component and said die are electrically

2 connected to said substrate using wire bonds.

1 6. The package of claim 1 wherein said component is an inductor.

1 7. The package of claim 1 wherein said component is a capacitor.

1 8. The package of claim 1 wherein said package is a molded array package.

1 9. The package of claim 1 wherein said package uses Power Supply In Package

2 technology.

1 10. A package for an electronic device comprising:

2 a substrate;



1 9. The package of claim 1l wherein said package uses Power Supply In
Package 2 technology. 1 10. A package for an el ectronic device conprising:
2 a substwetos/ o6y 03/ 061005 PCT/ US02/ 39514 -5 3 an i nt egratrasomsysedi t di e
nounted on said substrate; 4 a ball grid array with nmultiple solder balls
attached to said substrate, said 5 sgﬁstrate including a region free of

said balls; and 6 a charge punp i nclu i ng a passive conponent nounted on

said region and 7 electricallv i e, wherein the extension
of sai"d conponent ?}%& ?gﬁ ”géﬁégﬁﬁ%ggd Pﬁéé%gggh%han or equal to the
extengi on of said pghil &id rRYWIRINLIEHO S8R bEIs skadhkd toldaR! PBGRYSief cl ai m 10
wherein said conponent is surface nounted to said 2 substrate. 1 12. The
packade ofibstiatgiingladingwheegion free of @idiiesinde attachnent is sol der paste. 1
13. The package of , ¢}.al MIEdiBd DpRaldcSAHRON $tunled ofBaid REIAtAL . 1 14.
The pgckage of c|a?§f%%ﬁ%%@ﬂﬁ?n‘§%i% con%onenp s g capaci?%r. 1 15. The
packade ddecticailyzdpleditesaid die.vdictkiptie kutgesiansof saigheprpancntrirony saiheybaigte 1 16.
The package of cl ai 0 i J : qﬁg@ . ower Supply In Package

2 tec%noﬂgg§§&T1Tf@aﬂ%%gﬁggéﬁ%%ﬁ%?%gpﬁgz S?%é%?ﬁg'a substrate; 3 nounting
an integrated circuit die on said substrate; and 4 formng a package with a

h led to said.die in said package: . i
pacs Ve conponbnt - oh¢ Sakipetr S wRdkh REE AR e Sp PRl BRI 0 o 1o

sai d di e,gupfratdrat the extension of said conponent fromsaid die is |ess
than or 8 equal to 16 mls.

1 12.  The package of claim 11 wherein said adhesive attachment is solder paste.

1 13.  The package of claim 10 wherein said component is an inductor.

1 14.  The package of claim 10 wherein said component is a capacitor.

1 15.  The package of claim 10 wherein said package is a molded array package.

1 16.  The package of claim 10 wherein said package uses Power Supply In Package

2 technology.

1 17. A method comprising:
forming a substrate;
mounting an integrated circuit die on said substrate; and

forming a package with a charge pump coupled to said die in said package;

mounting a passive component on said die and electrically coupling said

2

3

4

5 and
6

7  component to said die, so that the extension of said component from said die is less than or
8 equalto 16 mils.

1 18.  The method of claim 17 including attaching a ball grid array with multiple

2 solder balls to said substrate.



1 18. The nmethod of claim 17 including attaching a ball grid array with
multiple 2 solder balls to said substrate. WO 03/061005 PCT/ US02/ 39514 -6
1 19. ThewosBlhemodf claim 18 including adhesively attachi rgTasoz3soaponent
to said 2 die. 1 20. The nethod of claim 19 including using user-dispensed
epoxy to adhesively 2 attach said cargonent. 1 21. The nethod of claim 20
i ncl udi ng using wrebonds to electrically connect said 2 conponent to said
substrate and said die to said substrate. 1 22. The nmethod of claim17
including formng a nolded array package. 1 23. The nmethod of claim 17

i ncl udi ng usi 19 PoVermSbgidficlaim 1RPacksijg adbesivel attgshing seidpmpanenstarai
conpriising: 2 formng a substrate; 3 nmounting an integrated circuit die on
sai d gub@?“rate; 4 form ng a package including a charge punp coupled to said
die; 5 attaching a ball grid array with multiple solder balls to said
Ssubstrate, sai 6_substrate including a region.free of said.balls; and 7
mountilng a pag¥i veTl&eo'Hf}E‘?fE‘?ftdaé‘Hqééﬁca‘ SB‘ﬁ%éﬂaj'S(?F'ésgq F?Oé‘%{?? eVl i ng sai d
8 conponghhchQidBpokking, SO that the extension of said conponent fromsaid
substrate is less 9 than or equal to the extension of said balls from said
substrate. 1 25. The nmethod of claim 24 including surface nounting said
conponent to said TR SRSt 6818m 20 ikfudird\RingetiBehdatto abatisnlig2ohneed sadi ng

usi ng sol der paste to attach said conmponent. 1 27. The nmethod of claim 24
i ncl udi ngomperenhiy saidrsubsield and sad dipsusasbwbstirteyg,  The nethod of cl ai m 24

i ncludi ng usi ng Power Supply In Package technol ogy.

1 22.  The method of claim 17 including forming a molded array package.

1 23.  The method of claim 17 including using Power Supply In Package technology.

—

24. A method comprising:
forming a substrate;
mounting an integrated circuit die on said substrate;
forming a package including a charge pump coupled to said die;
attaching a ball grid array with multiple solder balls to said substrate, said
substrate including a region free of said balls; and
mounting a passive component on said region and electrically coupling said

component to said die, so that the extension of said component from said substrate is less
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than or equal to the extension of said balls from said substrate.

1 25.  The method of claim 24 including surface mounting said component to said

2 substrate.
1 26.  The method of claim 25 including using solder paste to attach said component.
1 27.  The method of claim 24 including forming a molded array package.

1 28.  The method of claim 24 including using Power Supply In Package technology.



