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WO 2005/ 064673 PCT/ US2004/ 043027 | NTEGRATI NG PASSI VE
COVPONENTS ON SPACER | N STACKED DI ES BACKGROUND FI ELD
W@R0FPBEIIINVENTI ON 5 [ 001] Enbodi nents of the |iPWENS1004043027
relate to the field of sem conductor, and npre
specifically, to device packagi ng. DESCRI PTI ON OF

REFPAERAARY G IRASI I VASCORMPONENTS ON SPRUtER IN®T ACK BEDAPEES

for higher processor performance, the frequency of

| ogi ¢ and nenory devi cgxdmgreapes for higher speed.
The bal ance between 10 speed performance and power

consunption becones a chal |l enging design problem In

the power delivery |oop, both for core and
FELMQEﬁHB@ﬂENﬂQNYC» power, parasitic inductance and

resi stance associated with the die package and/ or

[OOQ\r/ i E}Pﬁgt?lﬁfeﬁﬁ lbﬂhetlﬁ%r@loﬁ HI5R 8 11l 8 bPsenYiebA@@Ror, and more
aila

e to the device, leading to performance’
spedﬁcalba@edev[lmp}l]ck@mgtl ng techni ques to reduce voltage
drop in power delivery |oop have a nunber 15 of
di sadvant ages. De-coupling capacitors are added to the
DESCRIKEQE OF RESNGER ARTar ges and deliver to the device
when required. However, de-coupling capacitors on a

[00$]h|1gs e%\%lﬁ WA It(e% &E%Yaln rfgﬁﬁgﬁellﬂ}gcégﬁ&éﬁgﬁn{lgﬁc@ the

act o i's un I ons
frequiendy @éfogie Iahdl oy dmses liftreaslee If(ghtlghmfr slbnegh Thalbalance between

spes b orTRRce et eaBUaRgon Beuro A S IGTetE Rk Spufm. I the
powBMeBeeri ®o ZQotH ¥8boré ﬁlfﬂli‘hb@tf/&ltﬁitf{l/@ fewbr) phfasitié @hduBice and

regul ator ower delivery and/ or phase | ocked 1o0o0p

resigtpnge) asscwaat@rl mtg the die ppckage apd/preprinted piscuit agudeupe epin;p in
voltgg 2 availa %o tﬂ% deffte el@%(ﬁng ?J‘E&rfoﬁ%ﬁ%&e’gﬁéﬁgg Resi stors

anpen’ t nance I'S generated
fromthe package inductance and on-chi p capacitance.
[003] dszIStglgtth@B‘EtuS pedect wlage drp ippokvaydelivericloendave a number

of %&@%gfs 0 ﬁ%ﬁ@%gﬁtdf%e rﬁ&gﬁp ﬁé& F%ﬂ(%?é ﬁ%sgoﬂe c?lgr%%s and
delivemeihd mlmyhéiﬁ& ult‘Eﬂ UHislesvet cﬂa@bobphm@é@amml oh @ chipescale
el R Seser L gn 200 cetomaliife S bae L1
appli@atfolﬁﬁ" sud RWegiar phones. The height of high value capacitors may be higher
than the total height of a multi-die stacked CSP and therefore such capacitors may be not
used. Inductors are used in the voltage regulator for power delivery and/or phase-locked
loop (PLL), band gap filter, or other radio frequency (RF) components to increase power
performance. Resistors are used to dampen the resonance which is generated from the
package inductance and on-chip capacitance. Placing these components at the package

increase package form factor and interconnect parasitic losses.

BRIEF DESCRIPTION OF THE DRAWINGS
[004] The invention may best be understood by referring to the following description and
accompanying drawings that are used to illustrate embodiments of the invention. In the

drawings:
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| WD 2005/ 064673 PCT/US211114 /114 3112 7 [005] Figure
lis adiagramillustrating a die assenbly in which

Woerwseedotdli nent of the invention can be practPCEUS2004/043027
[006] Figure 2 is a diagramillustrating a spacer
assenmbly according to one enbodi ment of the

[005]" Vﬁ@ﬁl‘eqnis a511a[g?8ﬁ]111d'_shﬁtiﬁg3a diel agsctnBly FOWAIBhI dnk eRiboainhéd of the
a | ayout hi n-fil mcapacitor according to one

anlebo@anrbﬁpr?GflCQd}e invention. [008] Figure 4 is a
diagramillustrating a layout of a thin-filminductor

[00@iC Slf}ggrie”g)gils tSth ﬂﬁﬁ%ﬁﬁ%’? F‘[%J acOf adsOBblyRERHInRe 0h®ERbodiment

strating a process to

- of theinegutadne t hi n- f| | m passive 10 conmponent to die

assenbly accordi ng to one enbodi ment of the invention.

0 . < : y
o0 e 24 e P00 R Rt Bl Rl o one
ededﬁneﬂt\oe‘lﬂidlﬁﬂentiaESCRI PTION 15 [0011] An enbodi nent of

the present invention is a technique to int egrate

0B A GBS PRt SRR onin o on

emﬁlﬁiﬁ‘i&ﬁ@fmﬁ{/erﬁm_ | ower dies in stacked dies.
Conductors are attached to the capacitor, inductor or

resi stor_ to connect _ the capacitor, . inductor

(009 Higts:S i6 & fiowvohar SusHRNE DIORESS i HFETaR {BnHIHHLPESHVE s
nﬁﬂn&&%%le dzlsge 1{12 aE&Jrhﬁa @en@aﬁsadlﬁewﬂhaﬁ%ﬁ%

eci f1c detal arest forth. However, it is

underst ood t hat enbodinents of the [nventl on may be
[00 1 Kigimeduis wididgnam ilustreéng p layor| of a thiar-Blnp gesisfor ageqrding to one

em}% %&ﬂ%?%e éﬁtloﬁnown circuits, structures, and

ni-ques ave Not been shown in order not to
obscure the understanding of this description. [0013]
One enbodi nent of the invention may be described as a
process which is usually 25 depicted as a flowchart,

a flowdiagram a stru ' m or a bl ock
di agram Al though a fl gé\%%@?&ﬂ@/\?descri be the
[00DHeAR tmbodinkat 6f the presaitimtenfion eswchiigquyytodhtepiaee passive

CongRERF HEhRiey oS R e bBHIor B e gTof dntograted on a space

bet PR b PAR] 10R¥r 8is [restaked 8 d CoNdiRh6ls 8fSatiaBhdErothé\@dpasitor,
when its operations are
inductor or resistor to connect the capacitor, inductor or resistor to at least one of the upper

and lower dies.

[0012] In the following description, numerous specific details are set forth. However, it is
understood that embodiments of the invention may be practiced without these specific
details. In other instances, well-known circuits, structures, and techniques have not been

shown in order not to obscure the understanding of this description.

[0013] One embodiment of the invention may be described as a process which is usually
depicted as a flowchart, a flow diagram, a structure diagram, or a block diagram.
Although a flowchart may describe the operations as a sequential process, many of the
operations can be performed in parallel or concurrently. In addition, the order of the

operations may be re-arranged. A process is terminated when its operations are

2
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2 WO 2005/ 064673 PCT/tJS2004/ 043027 conpleted. A

process may correspond to a nethod, a procedure, a
worzeonoeedd nmanuf acturing or fabrication, etc.P@UUI404/043027

Figure 1 is a diagramillustrating a die assenbly 100

i n which one enbodi mrent of the invention can be
contflated.i AGftoceEh tadficBrrasvaal ¥ mbfHod] Aptddd@sen PMBtEABGE

substrate 110, a 5 plurality of attachment el enents
mamufgcturangqtbf@bm%t@na@mem ve | ayer 120, substrate bond

pads 125, dies 130, to 1303, spacer assenblies 1401
[OOthdFlél?l%_llhls Qi cﬁa hendn i %ﬁﬁleadigerﬁ’lﬂgq 00 H&Rhlo2@-embodiment of

kage su ate any suitable
the snitgstiomean bfamectmedna%rdlgasssmb}y 09 ln@ludctswopack@@r@mtmte 110, a

Bi s I e| t
oS8 Bl SBT3 ORI ol e oA g o
1255 dfes 18 1 1804 sb@@:r assembhe‘srlm ahd i4D,paid Hohd padsol 43ramdibdad
| nterconnectl ons to the dies. The plurality of dies

W“issbs ‘to 130N form a stack and include dies stacked on
top of one another. For illustrative purposes, three

[0085]aEkeshoth &SsubdPake 11GR%ny saftbled Sb3trate Sndd @fnatdzat Budh
IS an integr at ed circuit (1Q or a chi &hﬁThe nunber of

siligping geramir, epexys ead Rismaleimédeatiiazing By dhpgwhsépte Ig@anay also be a
pr1 %de&rcugggﬂﬁ )o e Gﬁ%ﬂﬁ?& g@d%alg %'nglﬁ{bgr 3@%&{&23@%("1‘ oﬁ;tnrowde

| es may
intee¢ommections ldﬂaeaha Tihe tpdurelaty rod dieis dQOeﬂodMNtfsrm hataclhandinklude

sse 1 acka no..el enent C
died Q5 R R e amone Loy TP R B i e 3t 130, 130;,
andeIs0 ghesBOWn. Ehch ditiaghhisgiated eincit ($C)1619a cIBpJ Th&ﬁlﬂber of dies
. Array (B®A) balls,. [00 61IE:{Ch of th 1es tﬁ
in thﬁlﬁﬁ“ﬁ‘fmaf %a%sqa@éke N EPBW% 5@682@(1 height.
For'&ﬁﬁé&oﬂfé%@ itRP §f dlgﬁ%a? yah eg 2 @Qbr PONEHR %ﬁﬁch(fﬁbn% @}%ﬂeﬁ’tsel 15 are

are not suit y p aced

1nteacme@|¢tmgrql¢mnts)that @tgaeh tl(eﬁcbc asshimhhy) 1 ety oml@erﬂaéqakmmqument such
st
o {0 SR A SETES SR B R GREP s

BaltGedmm&)HﬂE. on the substrate 110. [00171 The
spacer assenblies 140, to 14OK are used to separate

100 E5 s B M of Bl PP RIBRRER B

1ntdi’édilfﬁ@étlon§f TheRghbeys b‘éid@ ba@SonCBacn atenhamaryf lWli&lfth@ Bond pads
enlng resonance_and/ or vol tage regu ation,

are npﬂ wateblyilased A redisthution fgyes (net sovey Jeayhs fegqultp reélﬁalbute
the HtOLoftleCtiS BN Rrn.AThe bond wires 150 connect the bond pads 140 from the dies

to the bond pads 125 on the substrate 110.

[0017] The spacer assemblies 140; to 140k are used to separate the stacked dies and
include passive components such as capacitor, inductor and resistor to provide a number
of functions such as de-coupling, filtering, dampening resonance and/or voltage
regulation. For illustrative purposes, two spacer assemblies 140; and 140, are shown. A
spacer assembly is placed between two stacked dies and forms a group. In each group,
there are a lower die and an upper die according to the position of the die with respect to
the spacer assembly. A die may be referred to as an upper die for one group and a lower
die for the next group. For example, the spacer assembly 140, is placed between dies 130,

and 130,. The die is referred to as the lower die and the die is referred to as the upper die.
3



10

15

20

25

spacer assenbly is placed between two stacked dies and
forms a group. In each group, there are a |ower die
waesaeketpper die according to the position of PATESN4043027
with respect to 30 the spacer assenbly. A die may be
referred to as an upper die for one group and a | ower

Thesépacdraksdntlty 1404 is @le@ﬂ@betﬁ@ém ealigsl 180, adib] Wpadarthis group, the die
ced dle 130, nd 1302,

assenbly 140

130:%%3%0@1@ ap EF&PW%‘? Fanégﬂet%?f%me erred toreg thewwongr die; s
referred to as the upper d|e 3 WD 2005/ 064673

[ooi’ﬁT Figae Ll bdidgkdrh 1ﬁﬂsh%t1K% c%pé’é%@lﬁb%ﬁﬂ@fﬂéb&dﬂrfg(lg oné

|'aced between the dies and 130 In this grou
emquémamte)f thesimyention: ckherspagsr @%ﬁe@bbt HO repsentaipny eneofitheK

S 1
L
assdrdbly 4460 inahiudeg anappereadhesivoldyereX10, mﬁpatcble22(h adimnifdm ca"p'hﬁtor,

. .Spacer as s.an e.of. th 5

ind 380 B SREED? noumnSF 40 S R IRt a8 2oy
shown in Figure 1. The spacer assenbly 140 incl udes

[0029] TiRp@ipenddifsivedayeny &0 ishliayerdilledades adhidfive tatdtahttat 1sm

capacit r i nduct or_resistor 230, a conductor
elecelly.and therpigil conghichivs i %%9@ fo 3tiggh theyeppger 2%&0 dpepper die

(e. 2 ¥30§%hb@iri ¢ Fglibe 1)5 The baer 22f0' 15 hﬁ Gleﬁdehht}@gﬁ%%éd/ ® elevate
material that is eléctricall hermal | y

samean @irailansized die thet arg st@ckes ane @Yﬁ améheg pathat tied@nd padhen the

die 'BQIBW alréj EgtocgoQ/el(ea u% ’It oskd%% %é%rﬁllﬂc%%r {h% b%hg ifes ]1?0 sﬂ-&gn in

s used to eleva
F1gme ls [ Thel spacesi226 mayl te rhidetof ansowst aatkdals dinodudibg vidicon, polymer

anot her so t bon ads on the die below are
ﬁlnﬁo?r%og%i”e@sg‘ﬁ {-htﬁﬁﬁ’ " cl earance for the bond

wires 150 shown in Fi gure 1. The spacer 220 may be
[Oﬂmdﬁmﬁhnﬂﬁmﬁ oafgiciiad, @iduatos ot 1iksted 2 BQ isStbili €@t orP® lsp%ﬁf&f to provide

fil ner pastes th filter particles.
Vaﬂpebgéfo uphige; ﬁf’fﬂl% rwwaga%ffmn& Rad amgedpglﬂé@%fuaptwns
The?caBadifor,l Al GG QRoPmEPASE be EbrRARY il 8ny é’(ﬁﬁﬁlﬁé%n together on

de-coupling, filtering, Tesonance danpeni’ng, and

the gashe spgect oy thindiloreapasifor isowseful fonelecappling and othwdiltsfmg
fun?fb%s r ﬁﬁé §%)n %1t§§ﬁﬁﬁte%l‘a§@d \Qﬁh tl?eté'bh(%??zg oﬂ?rse}ﬁ Iéegg)gco cQ @mn the

ane spacer
capats’@i‘ oh tﬁdpacki@e(mmmhal ng t]mrttie adstiablyf becinese itigimpedacdel hmseen the

thmhtltﬂe ¢ agﬁ&r}ag{i ie 93[ q%%%%pwestn%él[ ggggg aHlalr1n§1§p(‘%?rﬁlgtegrated with the

spaébiQE@QﬁJs@ﬁﬂ esmalliotRequby(RE) asHiRERbNS (BSC Atsdeds Qﬁmmumcatlon)
I npedance bet ween the thin filmcapacitor and the di

andipgwex delsieey gprdisations. A thin-Hlm resistoriteeratnd with thgrsancsy 2201
use%g;'reg%@e the P&6RIncE z’ﬁ%rﬂ the ‘ﬁﬁaiag il ttahadhfl & ?ﬂ%ﬁ?&c‘){tance. The

i catrons 'ess conmuni ca
typical range of the resistor is 0.2 Q t020) , depending on the application.

[0021] The conductor 240 provides conductivity between the capacitor/ inductor/ resistor
230 and the lower die. The conductor 240 may be any conductivity path such as traces,
wires, etc. In one embodiment, the conductor 240 includes a plurality of bumps attached

to the thin-film capacitor/ inductor / resistor 230 and the lower die.
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and power delivery applications. Athin-filmresistor
integrated with the spacer 220 is wuseful to reduce
waQ pwsoesdthance fromthe package i nductance andP@riUsi0e4/043027
capaci tance. The 25 typical range of the resistor is
0.2 0 to 2 0, depending on the application. [0021] The
[0022]r1mt£1bmr adiesive dapied 250 Ismidmtﬁlleidtvwlbﬁﬂmaee nfabetial. It is used to

capaci tor! nd 0 esi st or he_ | di e. .
attagh hecwatRI 2D AN s tﬁ@yﬁﬁéca&ﬁw%wg 2%4 & the qweé'lﬁléq]é&’ die
1304 ER@Sin Figlifee, etc. | n one enbodinent, the conductor

240 includes a plurality of bunps attached to the
thin-filmcapacitor/ inductaor ! resistor 230 and

t he
10025 e thirehina Cume o EuGies zosirion 2 {0mey be Aabieated gn any Suitable
rnet[19@ Mch?eﬂz% hhﬁi’%f(ﬁ‘ﬁiﬁﬁ% and rkzﬁ%?ﬁ 25901l é(aﬁltdI@XEJ a&)'a!:l §%nay be

hesi v terla 1S U
fablsqmdem azmalmh glatemimcmrm Mmllmgtnmq faotor (Qnandthigh b3Rdown

h e.g., die 1302 shown in Figure 1).
volt%g%éeg, #ﬁe %éjy% ﬁ m capam tor/ inductor/ resistor 230
may be fabricated in any suitable 5 nethod to achieve

[0024] gFhepietefrativa d ¢heathih-filed Catplgcﬂtcbrl induﬁﬁf / &SBWJZBO té the spacer 220
rrcated In pl at

R T R AN D
for f¢-ealgliapapatibt ngﬂle(rﬁclﬁhge @Jterhﬁ%&tthé&ley@ehﬁl TR Zbihs reduce

The integration il mcapacitor/ | ‘nduct of

the paekpgg frmAagior. oA{th@lg@ﬁlé&@Fal ngght @ﬁﬂlé iyl digusianked GISP Wlth
spa&?I YRLAGESse sﬁgﬁty dlg,[tjﬁghé &;n% £t 84 ik Ehcfréa!smﬁ:?quﬁ'lg 26t

el infnates t tfor ecouﬁlln capacil
Slgmiﬁ@IIDMQg*ethe thitlaresndf the thil &l ievery sma’dJ . thél' tidsr bfd fesv

munf 8 MG BRGF B s o e oot s PR roccnce
than the bwﬂoﬁdm mbtﬂayka@a eThizd,tdve t6 arRdtiebitiod4Be ovétaR ﬁ)ackagmg cost

[ ncrgase in hei ght n| ficant because t

i IopYer c EEs Tt Inasahtp-Rim aﬁqsug of gFqyidgraphust vpltageaegifasion in
resp@ﬁseatoffé‘é'ﬁ’traﬁéi&% YheR 0GR R 9%we§88%gy lotoggan Cgﬁ%@?toﬁgower

hin-filmcapacitor has mich | ower 7
dehven"é ichigh bpeayse thera iy élttimmtca@emecnparadltwdwes oFltfthethe mtegrated

i A or KPS P O 46030 o b ri
frequatey{RFY ot Plage-Lroeked Iadsopm‘LLDl ﬁlteﬁﬁgimmﬂﬁaﬁ@hsf &ksonance is an
transi ents.when u del i ve

impegedit syt b g and agn puyf L5V peier debiahse Thhnteervied tin-film

residtorirbdecel RésBhARBMBTEE bp AnMmpbiihg tﬂe%%%nce': ifth, the
| ntegrated t hi n- f| | minductor provides srral | form

factor andgaa ee of integration in radio 20
[0025) Edgriss:éys ¢ faepras: 11 thading adaxe of a dyn ey gepegitor 39 agpording to
one BRABbAiERh HMBe iRRAAOR PR thih-Afh capacitor 230 includes a dielectric 310, a

bottom electrode 320, a top electrode 330, air bridges 340 and conductor pad 350. Note

that this layout is merely an example. As is known by one skilled in the art, any other
layout or design method applicable for thin-film or ultra thin-film and on-chip capacitor

may be employed.

[0026] The dielectric 310 is any dielectric material that has low loss tangent at high
frequency (e.g., above 1 GHz). Examples of suitable dielectric materials include silicon-
nitride and polyimide. The thickness of the dielectric 310 is typically much less than the

5
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i mportant issue in the core and input/output (1/0
power delivery. The integrated thin-film resistor
WO 26/0es7F esonance noi se by danpeni ng t he resoRERG82004/043027
[0025] Figure 3 is a diagramillustrating a | ayout of
a thin-filmcapacitor 230 according to one enbodi nment

thlcia‘]es’s *&? tﬁerﬁé%tlia’c@&lspamqnttﬁe dande dphtF ARRBIVIR! In’GHR entbodiH&s, the

dielectric 310, a 25 bottom el ectrode 320, a top
thlcéin@@tofdtfedl%@rlc il ighatuepas> 0ngsiem aad A8H @REHroghd 350.

Note that this layout is nerely an exanple. As is

[00@%n%t E&éﬁ%gpre%f}o & 3@6%&@30 ?ybe%p%Bnddc?di’Q}f'boﬁbarable

Icable for th Imor ultra
sizet Wit tHfei diekectrid 300 The pir baém:%(bmay heysaddo gapiasy the. top electrode

0026 J t
s 335 R PSS Bl e, BB FPLRG R0k
conBERA pbirfBifier attabbuasiit! veith the csmﬂlic&bIZGO ditpivecinrHigure 2)
rraterl aI s i nclude sili con- nitride and poI y| m de. The

r00b3) e 5 nesnagsey B e Bpeies ok 3 il B il Se s

the Bﬁb@i‘éﬂ:ﬁ%ﬁa&fr it 1he sAS 915210@1t SderfibY 20 GtheicBpdditBneATRhS Bapaeitor 230
assenbly. |In_one enbodi nent, t hi ckness of the

mayjbeptdeast 180 8o Aisgn @é@mel@nassmnawghe PRASFITIER Isdomm x 5 mm, and the
dlelg@géf?gg '?%51119(9121? lnd-ggﬁt}pﬁlﬁcg?ibw 1t0991 aétﬁﬁﬁ rtﬂgf'e%ulﬁﬁgt ﬁgrféltance

e any conduct or corrpara Size Wt
is apiprekimedtelyd68100. The air bridge 340 rraybe used to
connect the top electrode 5 330 to a pad that falls

10038133kt S s koA iR ¥ B aweolte GREAIE hEuehR g2 Rkl ding to
one2ftbodshemmf the iv@itioe. The tl[lﬁl@ib&]lndﬂmﬁﬁlorinéludema conductor 410.
TR o e Sk Aty e Rt B

oth@rﬂé‘f(ﬁft oﬁ§e°s¢gmh¥thoéf aﬁplfca%%lt AREAIR br LR (RAPRE 40T ord&flp
be at l'east 100 nF. As an exanple, assum ng the

mdlscmrd@aybﬁzmploye@ mmx 5 mm and the 10 diel ectric 310
is silicon nitride with a thickness of 100 angstrom

e i r
On S PR S 5O, TS 10 o
spiral gdointetdyl | Nssundg b eilicdid ﬁldactnoanéa 0300 umnBaO(Ep‘ino:dnthrdﬂtut 3-16
mﬂg@téggﬁ%gé%a{i&hce%é}%% e TRgRol S 19 SPhuithy SE any
ma%%éﬁe k rieffS Thé qifd cﬁ% Q?‘ a§lollih B I‘aﬁl%et S ab 20 \ﬁﬁi/relélant

. _aﬁout or de5| hod applicablfe for thin-fil
frequencips indhe tange of H+H0 with ovafer le‘i'ﬁﬂ ouesessingmy be
enpl oyed.

[0031] The conductor 410 may be constructed by having multiple layers, or by having

multiple spiral patterns connected in series. In addition, the spiral pattern may be

rectangular as shown in Figure 4, or circular.

[0032] Figure 6 is a diagram of a layout of a thin film resistor 230, according to an
embodiment of the invention. The thin film resistor 230 may comprise a polysilicon or a
diffusion resistor, as are known in the art. Note that the geometry or shape of the resistor
is merely an example. As is known by one skilled in the art, any other shape or design

method applicable for thin-film or ultra thin-film resistors may be employed.
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[0030] The conductor 410 has a multi-turn geonetry.

The typical geonetry is rectangle spiral geonetry.
WOA®E$4673 a silicon inductor area of 300 gm x BODUSA004/043027

with about 3-16 turns, the resulting inductance may

be in the range of 3 nHto 10 nH w t hout using any 20
[00??] g(n‘eCS 1B g @art 1ﬂﬁb@ra€i %h pEdtedsBT0Q6 intbdratBMinDEInk Passive

ange of 10 to resonant frequencies in

commenfatngl@e @rserablmcmﬂmm t@ Rngembedimenieef the FtveBEehg.

[0031] The conductor 410 may be constructed by having

[

(004} P STARAS i prfiecp SO0 ARSI AR [RLIEE substrate (Block
5 lqoat[‘hat thamprpcss 500 etieceg thedowersdie lfﬂ)thn package gubssrate (Bé¢Ck 520).

ety o s 700 R b e S8 Wy REFTAAY, heh THOhhocess

5009ﬁbﬂﬁdtm§paﬁér dsEeenbl h@ﬁhg tiin-fillheapdvitor/fihdustsre' sesistor and

conprise a ysi | ffusion
attapbas e BpacepasseRbly o 96 BigRk TR bt age fembly may be
§ ﬁ@hﬁ@%bﬁh&[ SfchRHkpsan
fabH@,ﬂ&P a)’se%ra%ﬁ@ﬁeg%n%y one skil Oé%l in thehgt)rst any
ot her shape or design nethod applicable for th| n-fil

[0035] Nextr thetprogess SQthanplies upnst adhesiyere ﬂwmw@ésen@lw@lock 550).
0Q5/ / 03 r
Tt 8 B iRy e 10 (A0 ol Selity (Bl SB0Fand i
thet heirmirfatddn ets shat ¢he mrocgss Hehmay cepstaetozsld endyt ytagkaslodiel ifig
to one enbodi mrent of the invention. [0034] Upon START,
NeCEYRAYvr ocess 500 appl i es adhesive to the package
substrate (Block 510). Then, the process 500 attaches
[00BbleWHileglie Bhiventionh Had be@ﬁdﬁé&@lﬁbd&ﬂ hahtsatf ee\(eBélmiboﬂﬁﬁénts Bhose of

Next, .the proce s 500, appl.ies, adhesive t0 th
ordgaey il e HeasOyiI rergRize s thy BEERion 1 g6t Katied tofg Emppodiments

desSRREE butS R HEPractay Wit niddificatioh The ﬁﬁé}ﬁﬂl&rpﬁrithinptﬁé‘ §[§1ﬁf ard scope
resi $tor and attaches the spacer assenbly t

of the aependedclaBiso ckhesiesgriptipnds thya éeberesanded gs ﬁhlytr@iéfe instead of
hmn%.r'cated in a separate process and i ncl ude 4
corduct ors such as bunps. [0035] Next, the process 500
appl i es upper adhesive to the spacer assenbly (Bl ock
550). 10 Then, the process 500 attaches the upper die
to the spacer assenbly (Block 560) and is then
termnated. Note that the process 500 nay repeat to
add nore stacked dies if necessary. 100361 Wile the
i nvention has been described in terns of severa
enbodi nents, those of ordinary skill in the art wll
recogni ze that the invention is not limted to the
enbodi nent s




15 descri bed, but can be practiced with nodification
and alteration within the spirit and scope of the
Wppsaeed cl ai ns. The description is thus to DRCT/US2004/043027
regarded as illustrative instead of Ilimting. 7 WD
2005/ 064673 PCT/tJS2004/ 043027 CLAI M5 What is cl ai ned
is: I . A nmethod conprisi @LAIMS egrating a capacitor
on a spacer between upper and | ower dies in stacked
dies; 5 and attaching conductors to electrically
conpapt istdigimedpaci tor to at | east one of the upper
and |ower dies. 2. The nmethod of claim1 further
conprising: filling adhesive between the spacer and

t heluppen detBodbsinpesivgen the spacer and 10 the | ower
die, 3. The nethod of claim|l wherein integrating .
comMGEERIE 3 SRPaGHRIONAFPRIFE DEYFSB UPBET aaéilwgerafﬁes in'stacked dies;
5 andhin-filin capacitor having a dielectric material. 4.
The nethod of claim| wherein integrating conprises:
i nt aitachingregndimgors apelettriorllyneoninges the ¢capacikarde st least one of the
i.atly less than thickness of the 15 spacer. 5.
up@ggﬁﬁﬁ%gke& claim4 wherein integrating conprises:
integrating the capacitor having the thickness between
50 angst t . .The. method of claimli
vvhez?’ei n ?ﬁ%ﬁ%{gﬁ %gala?g%pﬁﬁggs@ %p Eg&%ht egrating the
c apfiltingadhdsand tegweencthp smicteaciahe ippdr dicartbet®éenthe spacer and
Ihe prft hod of claim|l wherein attaching the conductors
10 thelowigidiges: attaching bunps to electrical ly connect
the capacitor to at |east one of the upper and | ower
di 3 8. Tﬂ-ep %e{fl%gir(])?glagl l%haclng]n antfegrg%igge (r:orﬁf))ri eE‘.:I s1ng-

integrating the capacitor being a thin-film capacitor having a dielectric material.

4. The method of claim 1 wherein integrating comprises:
integrating the capacitor having a thickness substantially less than thickness of the

15  spacer.

5. The method of claim 4 wherein integrating comprises:

integrating the capacitor having the thickness between 50 angstrom to 200

angstrom.
6. The method of claim 1 wherein integrating comprises:
20 integrating the capacitor having a capacitance of at least 100 nF.
7. The method of claim 1 wherein attaching the conductors comprises:

attaching bumps to electrically connect the capacitor to at least one of the upper

and lower dies.

8. The method of claim 1 further comprising:
25 filling adhesive between the lower die to a package substrate.
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25 filling adhesive between the lower die to a package
substrate. 8 WD 2005/ 064673 PCT/ US211114 /114 3112 7
W®2008(06462er assenbly conprising: a capacitor PCT/US2004/043027

integrated on a spacer between upper and |lower dies in
stacked di es; and conductors attached to the capacitor

to connect the capacitor to at |east one of the 5

upper ang | oner d{“ﬁ . 10..The spacer assenbly of claim

9 fUrt het* SEBYHATE E’fc%ﬁm&%e | ayers filled between

t hea sRa6Rér inRkdradionpirtertictwesncippet MeEBwehies fagistked dies;
and the lower die. 11. The spacer assenbly of claim?9

andpher ei n t he capacitor is a thin-film 10 capacitor

havi Qin@rofl BB thend@bELIGR! 1o cbnecl Bt BPAGRE 1 AIEAPbe of the

of c erein the capacitor has a thickness
uppeusd bowter diesy | ess t han t hi ckness of the spacer. 13.

The spacer assenbly of claim 12 wherein the capacitor

has the thickness between 50 angstromto 200

angbd.r onThd $ater. asTmably phcleim Qduehdy|cpmpfisivgai m 9

ook ety B ARG peRise e ORGSR Bl ek pspocer

andc@@ thiedralies conpri ses: bunps attached to the capacitor
to electrically connect the capacitor to at |east one
of the upper and | ower dies. 20 16. The spacer
assenbl yThd spaké asseénbiiof elatin O ehereingtie chpaciios ivd thaefiged
to a. package substrate by an adhesi ve between the
cappejips haying afielestHe M3tetiehge” substrate. 17. A die
assenbly conprising: a package substrate; a plurality

of stacked dies on the ckage suhstrate and. having at
| eakd- anT%g@perdaisgm gogaam&%%m g}eeqap%@rgas athlcg{ness

substantially less than thickness of the spacer.

13.  The spacer assembly of claim 12 wherein the capacitor has the thickness

between 50 angstrom to 200 angstrom.

14.  The spacer assembly of claim 9 wherein the capacitor has a capacitance of
at least 100 nF.

15.  The spacer assembly of claim 9 wherein the conductors comprises:
bumps attached to the capacitor to electrically connect the capacitor to at least one

of the upper and lower dies.

16.  The spacer assembly of claim 9 wherein the lower die is attached to a

package substrate by an adhesive between the lower die and the package substrate.

17. A die assembly comprising:
a package substrate;
a plurality of stacked dies on the package substrate and having at least an upper die

and a lower die; and
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WD 2005/ 064673 PCT/ US211114 /114 3112 7 5 at least a
spacer assenbly between the upper and | ower dies, the

W@ pWse646asenbly conprising: a capacitor int eRECHUSM0450:13027
a spacer between the upper and | ower dies, and
conductors attached to the capacitor to electrically

conatdedst & Biacerdzaahblgbetweenatie RS kndveved Uids e Ypaer assembly
and | ower dies. 18. The die assenbly of claim17

COMHREINE n t he spacer assenbly further conprises:
adhesi ve, Eeﬁ‘)‘égﬁ& ihfebtaBQ e W88 BeliPecaRBE BpperBAd Ier dies, and

upper die and between the spacer and the |lower die.

10 19. Tenaduetersateeheditg thf capheiton to elegtréqally gomest the capacitor to
capaci t of, 4l f .- £ .t having a

di el ect r%tééar%rta eer&e{ﬁe. B@ﬁhﬁﬁmré}%’:‘,sen‘ol y of claim17
wherei n the capacitor has a thickness substantially

less, th t ki .he . '
nssbl y s e RS L 7 ARSI 8 Sosctb s frgher
conmprisekness 15 between 50 angstromto 200 angstrom 22.

The di e se f claijm 17 wherein the ca itor has
2 cliy ST ER Huied DetveeR 8 sbief AgH (PO Ui A petween 1A spacer
andaBSRWRK WMicof claim 17 wherein the conductors conpri ses:

bunps attached to the capacitor to electrically
connect the capacitor to at |east one 20 of the upper

andd, oweTheli€ Gsserbly dfttaith E7 Whdsrethy c&fackbidik MHiA-film capacitor
wherein the lower die is attached to the package

havingrpsdielgeticpyateripladhesi ve between the |ower die and the
package substrate. 10

20.  The die assembly of claim 17 wherein the capacitor has a thickness

substantially less than thickness of the spacer.

21.  The die assembly of claim 20 wherein the capacitor has the thickness

between 50 angstrom to 200 angstrom.

22.  The die assembly of claim 17 wherein the capacitor has a capacitance of at
least 100 nF.

23.  The die assembly of claim 17 wherein the conductors comprises:
bumps attached to the capacitor to electrically connect the capacitor to at least one

of the upper and lower dies.

24.  The die assembly of claim 17 wherein the lower die is attached to the

package substrate by an adhesive between the lower die and the package substrate.

10





