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I N STACKED DI ES BACKGROUND FI ELD OF THE | NVENTI ON 5 [001] Enbodi nents of
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used in the voltage regul ator for power delivery and/ or phase-|locked |oop
(PLL), ba”ﬁEQ@lﬁPﬁbﬁbﬁ%ﬂLR’é‘Eﬁ’hﬁ?r radi o frequency (RF) conponents to increase
power pertormence. Résistors are used to danpen the resonance which is
generated fromthe package inductance and on-chi p capacitance. Pl acing

t hese conp®iZht As semicdndugtacicchpelogyradvanassfophighergaodessonpérdermance the
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embodi ment Sov?gr d%ﬁ&eryll i‘o‘é%,“édtﬁ) Bor cc|>rr<]3 a%g ‘i:"nput/output (I/0) power, parasitic inductance and

resistance associated with the die package and/or printed circuit board cause a drop in

voltage available to the device, leading to performance decrease.

[003] Existing techniques to reduce voltage drop in power delivery loop have a number
15 of disadvantages. De-coupling capacitors are added to the package to store charges and
deliver to the device when required. However, de-coupling capacitors on a chip-scale
package (CSP) increases the paékage form factor which is undesirable for many
applications such as cellular 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
20  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.
25
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:



drawi ngs: 1 WD 2005/ 064673 PCT/ US2004/ 043027 [005] Figure 1 is a diagram
Illustrating a die assenbly in which one enbodi nent of the invention can be
practiced. [006] Figure 2 is a diagramillustrating a spacer assenbly
according to one enbodi ment of the invention. 5 [007] Figure 3 is a diagram
i | lustrati YO 2005/8846TH of a thin-filmcapacitor accordi n§CTESHNE0438Hhodi ment
of the invention. [008] Figure 4 is a diagramillustrating a | ayout of a
thin-filminductor according to one enbodinent of the invention. [009]
Figure 5 i[903] fHigureds & diagtansillnsttating a digrssamahly int which begermbadimbitrof the m
passive 1 %8’? onept tq.dhe assenbly according to one enbodi nent of the

i nvent i on. BYOBPOFAEPYRPES% s a diagramillustrating a |ayout of a thin-film
resi stor according to one enbodinent of the invention. DESCRI PTION 15
[0011] An @OGpdiigwar ioh diapmnpillesteting i ispaeat assemblyg according tti epeentbodinenegr at e

passi ve cofgﬁonents in a die assenbly. A capacitor, inductor or resistor is
i nt egr at ed®1dR° WVEHOr  bet ween upper and | ower dies in stacked dies.
Conductors are attached to the capacitor, inductor or resistor to connect
t he capmci [007], FigaeGtios diagraneidlusttating b dayatit dfazthin-filmecapécitoh ecoopding to aned | ower
dies. 20 [001 I n }B]L%.fol l-iOWi ng description, nunerous specific details are
set forth.® gt of the Ipention jer st ood t hat enbodi ments of the invention may

be practiced without these specific details. In other instances, well-known

circuits, Q08U Ripires,is adidgtaacillniteitiag aaoat sfatthinefim indiwuctsrdimpgdebnaot to
obscure the understagndi,ng of this description. [0013] One enbodi ment of the
i nvention %@Pdﬂ)‘@e‘ﬁ@g&ei%‘gﬂu% a process which is usually 25 depicted as a
flowmchart, a flow diagram a structure diagram or a block diagram

Al t hou ]9 h ﬁ[obbpvmgae 15 igR ottt illigrating a pRRERO Rilderas thin-Fiké pagiveal process,

many of the
Y 10  component to die assembly according to one embodiment of the invention.

[0010] Figure 6 is a diagram illustrating a layout of a thin-film resistor according to one

embodiment of the invention.

DESCRIPTION
15 [0011] An embodiment of the present invention is a technique to integrate passive
components in a die assembly. A capacitor, inductor or resistor is integrated on a spacer
between upper and lower dies in stacked dies. Conductors are attached to the capacitor,
inductor or resistor to connect the capacitor, inductor or resistor to at least one of the upper

and lower dies.

20 [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
25  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
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operations can be perfornmed in parallel or concurrently. In addition, the
order of the operations nmay be re-arranged. A process is term nated when
its operations are 2 WD 2005/ 064673 PCT/ uS2004/ 043027 conpleted. A process
may correspond to a nethod, a procedure, a nmethod of manufacturing or
fabricati oWOXW0¥064613014] Figure 1 is a diagramill ustraPCHySHOHIBO2Essenbl y
100 in which one enbodi nent of the invention can be practiced. The die
assenbly 100 includes a package substrate 110, a 5 plurality of attachnent
el enent s lddmplaied ub ptocessemayddeesspond tay method R procddute; ameetlmdd pads 125, dies
1301 to 1303, .spacer a senﬁl | e 1401 and 1402, die bond pads 145 and bond
W res 150.“?8'6%1““?}10@ %’Jh’ bstrate 110 is any suitable substrate nade
of material such as silicon, ceram c, epoxy, and Bisnaleimde Triazine
(BT). The pobftHigire 1548 dmgganaﬂl]sﬂxdhagadie]dﬁsqmlﬂynl@ﬁinovhichlbne dmiding®PGB) . The

substrate 110 has a n nber of nd,.pads vi de erco lons to
The di as. SRAVERILEER ) DBkt o A Ascm 0D FroPiehs BFckeRd SIEEMRERha ™ o os
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an are shown an_,i circuit or a
chip. The Hhsnthies 130 teyil 30s, SHaFFrtaFﬁS'mgﬁ 1(4%%@ %@2’ S/ Hagﬁ‘f% Mdhosd odd or
even, depe@gém on the desired height. 15 For exanple, the nunber of dies

rraybe 4,5,6, or '10 The attachnent el enments 115 are interconnecting
el ements that attach the die assenbly 100 to ot her packaagi, ng el ement such

as a PCB, @ﬂlﬁ]ﬁ&e Daelags §ebsiratsJd P iy any SB’WIC Julstiatemadeefansterial sughas at t achnent
el ement s gB@érAarm@?g fra{naml rﬁ%ﬁé}ruciéafﬂa%me g@)ﬂ“vfhe%%s&a?é 11&&;%1@%@98 a

nunber of r ovi contacts 20 I nterconnecti ons.
nunber 1bf mjmd qmdé boardéBGB .dThke suhsﬁratealrlﬁ hay\n aumbereofivondipastsd2s ttapl@vxdgt

sui tably | o]

redi stri bu#?e?c% eﬁoﬁfer@%ﬁhgﬁmﬁn t er nQ?%%QQW&fo%% s%%g.gﬁ g%ﬁ"rqéct t he
bond pads did{stdckedron tup ofioae anatiert Eer 1ﬂmuat1}zmpm'pds2§ thmee sﬂaekesltdmtltsﬁt, d30,]0.

([jlog;?lm'(lj'he aH36.are S nbéacﬁsdle]ig'%n{[tggra & éuc%lte(ll So?g cinp R e oth fes®t 2C ked

in the stack may be any suitable number, odd or even, depending on the desired height.

15  For example, the number of dies may be 4, 5, 6, or 10. The attachment elements 115 are
interconnecting elements that attach the die assembly 100 to other packaging element such
as a PCB, another package substrate, etc. In one embodiment, the attachment elements are
Ball Grid Array (BGA) balls.

[0016] Each of the dies has a number of bond pads 145 to provide contacts for

20 interconnections. The number of bond pads on each die may vary. When the bond pads
are not suitably placed, a redistribution layer (not shown) may be formed to redistribute
the interconnection pattern. The 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

25  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

30 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.
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25 include passive conponents such as capacitor, inductor and resistor to
provide a nunber of functions such as de-coupling, filtering, danpening
resonance and/or voltage regulation. For illustrative purposes, two spacer
assenblies 140, and 1402 are shown. A spacer assenbly is placed between two
stacked di 30 WAOHREBs a group. In each group, there aP@“ﬁsF%ﬁ%?mﬁie and an
upper die according to the position of the die mﬁth respect to 30 the spacer
assenbly. A die may be referred to as an uppe ie for one group_and.a | ower

di e for thEhefpager ajsemply F40p isplagep betweenibe éw&éé@: a5d 4 30| Ip this@royps thedigc e d

bet ween d'Pﬁ)ﬁssrgéne@f&jas]tﬁ@%weﬂiﬁaﬁﬂﬁle'cﬁe {3, §refetteli ® A5tht ifperaper die and the
dieis referred to as the upper die. WO 2005/ 064673 P /1 US2004/ 043027

The spacer assenbly 1402 is placed betmeen t he dles 1302 and 1303. In this
group, thel0§18 Flg.u;ez1$§d1{asta@w1@arqhaga§pcheassmtéy 140 accarding toongi e 1303 i s

referred té}n %ﬁ 8?@1@%ve§h§n 'i‘ﬁpskﬁier Eés?%lﬁlgl 140 'r@pr@seﬂﬂs%ﬂ{l BH3 b the'RL T aEI'I ng a

spacer asse according t of the’ i nventron.
spacer fassmatﬂry,sstmbhcsamﬂekelﬁ(h imthe digassapibly sh.ovm inFigpadeThaspasebl i es 140, to

140K in the di T er 40 i ncl udes
an upper aﬁﬁ@kﬁ}éi&?ﬁ&ﬁ:ﬁﬁ%\?p@t é‘%ﬁg{égﬂgg& 1[0 2 S{bﬁceﬁa?lﬁ’l rﬁh%‘ %g%npatpé? i nduct or,
or reS|stqm&&&ﬁ-mﬂeaﬂnﬂmﬂlamoﬂﬁﬁmraﬁnandhhmuxadﬁhﬁmﬂgmrnﬂyer 250. [0019] The
upper adhesive |ayer 210 is a layer filled with adhesive material that is

el ectrical t her ond ed. to at t a the spacer 220
to the upp@lﬂirﬂ‘e “fBerE%hﬁs\{v Byeéliié elg%%me?ﬁ'u@ Prefd e Bacer 220 is
an eLerTentelédﬂngéally&ndl&feﬁniH}' condiaive. ﬁasnﬁed)to attach therspsder eﬂzj thi the tqilsmt digr e

st acke above anot her so t t he t | ow are not
cover egO upt® tdlepﬁ&?}b‘@@ @@%}Fsﬁgtﬂw @ac?rﬁggﬂg W?@ﬁ%%“%ﬁ%ﬁe‘ﬁ? Figure 1.

The spacer gsagQr §BM1ab Sizomgie tioh alatdcRédondabeVel atbthet &Fthitthé Borkd pald§ 8thePOl ymer
films, or polynmer pastes with filter partlcles 15 [0020]_ The thin-film

capaci t or , dip helawagn najcoyesed up. oft proyisles sleqrange; forthe horshwiress pwp@n provi de
various demgﬁﬂéri' 'ﬂgs Jcb}ﬁﬁlh be Mk &quméﬁglud%gcéllé: B dregul ation

functions e capac tor, uctor and resistor icated in
any comnbi nﬁhnsownobgwwestebwlthﬂtermsspacer A th| n-filmcapacitor is
useful for de-coupling and other filtering

15  [0020} The thin-film capacitor, inductor or resistor 230 is fabricated on a spacer to provide

various de-coupling, filtering, resonance dampening, and voltage regulation functions.
The capacitor, inductor and resistor may also be fabricated in any combination together on
the same spacer. A thin-film capacitor is useful for de-coupling and other filtering
functions. The capacitor integrated with the spacer 220 offers higher performance than the
20  capacitor on the package external to the die assembly because the impedance between the
thin film capacitor and the die is extremely small. A thin-film inductor integrated with the
spacer 220 is useful for radio frequency (RF) applications (e.g., wireless communication)
and power delivery applications. A thin-film resistor integrated with the spacer 220 is
useful to reduce the resonance from the package inductance and on-die capacitance. The

25  typical range of the resistor is 0.2Q to 2Q, 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.



functions. The capacitor integrated with the spacer 220 offers higher
performance than the 20 capacitor on the package external to the die
assenbly because the inpedance between the thin film capaci tor and the die
is extremely small. A thin-filminductor integrated with the acer 220 is
usef ul forwpiﬁ%ﬂﬂéquency (RF) applications (e.g., w r%q:gg%z“% Ai cati on)
and power delivery applications. A thin-filmresistor integrated with the
spacer 220 is useful to reduce _the resonance fromthe package |nduct ance

and on- di 40022} Thedemeradhesive layer 299 isadayer fiHlgd with adirsivieaagteniady Itisusgdfo 0 to 2
n, dependi g, mgh% f%ydnﬁ%é ﬁﬂbﬁﬁx?%l&lto}-ﬂﬁd&?d}%@tté’fhe%@erﬂﬁé’ﬁ agd
t he | ower

conduct|V|ty e capacitor/ inductor/ resistor 230
die. The dBﬁdﬂmmmnnfﬂ@Hﬂﬁy be any conductivity path such as traces, wires,
etc. In one enbodi ment, the conductor 240 includes a plurality of bunps

o e B e bR Y LS50y v SR D adafl o LVt
|2; a Iaﬁyterméthd;]d t@cﬁ;:llmletrr]:hhlgh pe@mmncﬂlaa;grrem;htyt For ewamaple; the capacitarimayhhe sp?ﬁ gr

0
1302 showr et p @i fchory ARG iy, (5 anf e kil %, i ot or
230 may bevoltagrr(letgataeltaa;trﬁoa\mlts)sw table 5 nethod to achi eve high performance
and reliability. For exarrpl e, the capacitor may be fabricated in a parallel

| ate str wi.t.h hij acta down t age
oS S o0l el o Wit e Rt b ird 08icton 24058 fcRboer 20 2
Cgpaci t or / offem?hlﬁxhﬂlit etr/rc])f am:lagesr Eﬁgf} :Hﬁdnﬁe%hetleﬂmﬁ&ﬂm&taﬁacn@f tlaninates fhéﬁiﬁ@d of g
advan rs e inte e in-film capacitor. eli aes e nee
10t or e fob Efp?quagns;a@aelmr tﬁwamsep%%ﬂéo the dhcassembly o Thisde genbl y.
Thi s hel psthé Qg%foﬁﬁfdl@&k@ﬂthoﬁgftﬁbfoﬁlh&rghtcﬁdtﬁélﬂxﬁﬂﬁdlwﬁcﬁé?lt@@@ﬁhght of the
mul ti-di e stacked CSP wi t spacer i ncrease slightl § due to the

g

conduct or SPar maj iuy:reras@sleﬁ%l@ dug torfhe gcmdwtgrm thigsingigrsei in Apighbissaluse t he
thickness gdifi g ﬁe'éhlﬁeftﬁé t'ﬂ]c'kﬁesgﬁf‘%eMkim id Very fifialf i e o?éer%f£ Eé% Ohundr ed

angst roms.. Second I ntegrated thin- I'm capacl’t or has muc
i npedance MBdred angstiomsc Speanid: the integratedthinafilna capacitiribasimudhy bowep impeslance

i ntegraliqp,, sb @ap%)f%radn m@fi‘&ﬁ&[ Fﬁnrﬁ,odilte to the integration, the overall packaging cost

is lower. Fourth, the integrated thin-film inductor provides robust voltage regulation in
response to fast transients when used in a power delivery loop. The quality of power
delivery is high because there is little interconnect parasitic losses. Fifth, the integrated
thin-film inductor provides small form factor and high degree of integration in radio

20 frequency (RF) or Phase-Locked Loop (PLL) filtering applications. Resonance is an
important issue in the core and input/output (I/O) power delivery. The integrated thin-film

resistor reduces resonance noise by dampening the resonance.

[0025] Figure 3 is a diagram illustrating a layout of a thin-film capacitor 230 according to
one embodiment of the invention. The thin-film capacitor 230 includes a dielectric 310, a

25  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
30 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
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is lower. Fourth, the integrated thin-filminductor provides robust voltage
regulation in response to fast transients when used in a power delivery

| oop. The quality of power delivery is high because there is little

i nterconnect parasitic losses. Fifth, the integrated thin-filminductor
provi des sPHP POOFBHAT act or and hi gh degree of integrati GRTU§2004/84362720
frequency (RF) or Phase-Locked Loop (PLL) filtering applications. Resonance
is an inportant issue in the core and input/output (1/0) power delivery.
The i nt egr thiokoess bf thefasdoviatedespacet rthe saunecspacer assemblyc dn one embidimdutntheni ng t he
resonance. 025 Le,3 a i t a_layout of a thin-film
capaci tor @ggn %Bﬁ‘ﬁ%lrﬂde%(’é@r@b%% %#&&? aﬁcﬁ&bq]%}ggmrﬁ The thin-film
capacitor 230 includes a dielectric 310, a 25 bottom el ectrode 320, a top
el ect rode [@827] 'Eherbolﬁohthyudﬁoﬁd@ctmdds 320ranid 38@ map &el afd Condictbeoft doatpatables I ayout

Is nmerely an e by, 0 skilled,in the a he

| ayout or ﬂé%ﬁ%ﬂ%%%@ n¥lg? ?ﬁ]rpﬁy if"? ¥sed & c?ﬂnF?tgﬁet tiqpﬁpe\ﬁ:r?ciﬁ and

on- chi ps Camptbta%dtkrﬁafallbmﬁifpdhemdiuci{oaﬁaﬁjsonedomiuetbtrpa¢35ﬂh@ al s any
dielectric materi al at Qéls | ow, s Zsé h 30 f equency (e.g.,
above 1 G—&()“ne%%ti’ﬁ pent K °8P qué 2:10 F’gur t ude silicon-
nitride and polyi m de. The t hi ckness of the diel ectrl c 310 is typically nuch

less than (dogs) TrolBn20RBRRIGT IR TENSHIRRLOABAR s yblohikORSmilasiiche

associ at ed _spacer in the sanme spacer assenb g% In one en&gdl ment, the
t hi ckness & aﬁSﬁeamlépaéemtEemsmcebe%sm@af € S¥R$6 CORRTIATEIOt r om

[0027] Thembppd &Wbeﬁ,{'ﬂodﬂp B BELLAHES as%%:@_’liﬁ'e s”p%@er@?z)é 1??:11%5‘3( SGRAdMALRE  Of

conparable size wt he dielectri¢ 31 he air bridge 340 may be used to
connect0 t hdieleetpic 1 @ewtsﬂme nitgdgwigh e shigknssscdft18 angstioms theireswlting capacitenesuct or

pad 350. T Qﬂﬁ 350 is a connection point for attachnent with the
conduct or g%g&? \?\%yirln(ple—ﬁgure 2). [0028] The thin-filmcapacitor 230, when

fabricated alone, is typically of simlar size as the associated spacer in
the sane s{982¥YrFigersdribh diaghineillvstptiop adayout offa thinefiloripdedtori?3028@rdingyo be at

the 10 ai episerbogtabr PR ey fHetnilf FRRRT 21 Bl ufiii Pifigk  Fom

t he resul t Nowg tiead i lalyeutdemerely an example, As is known by one skilled in the art, any

15  other layout or design method applicable for thin-film or ultra thin-film and on-chip

inductor may be employed.

[0030] The conductor 410 has a multi-turn geometry. The typical geometry is rectangle

spiral geometry. Assuming a silicon inductor area of 300 um x 300 pm with about 3-16

turns, the resulting inductance may be in the range of 3 nH to 10 nH without using any
20  magnetic material. The quality factor (Q) may be in the range of 10 to 20 with resonant

frequencies in the range of 5-10 GHz with wafer level processing.

[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.

25  [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.



is approximtely 160 nF. [0029] Figure 4 is a diagramillustrating a | ayout
of a thin-filminductor 230 according to one enbodi nent of the invention.
The thin-filminductor 230 includes a conductor 410. Note that this |ayout
is merely an exanple. As is known by one skilled in the art, any 15 ot her

| ayout or EQPYHMThod applicable for thin-filmor ultPETUSRWIPIIA and
on-chip inductor may be enpl oyed. [0030] The conductor 410 has a multi-turn
geonetry. The typical geonetry is rectangle spiral geonmetry. Assuming a

si |i con i nfl§83joFigarecsas afflo8@Rarpillustr3if apraviessis 0o integtatd Chinifilmpassitehe

resul ting inductance. m in the range of..3 nH 10 nH wi t hout using any
20 magnet i 8°Iﬂ¥ﬂn8$iqgﬁ?e afﬁfé“qﬁ&a?@f gtgcqupmggjunﬁﬁgpftﬁge 'inﬁellr}]r?g' range of 10 to 20
with resonant frequencies in the range of 5-10 Gz with wafer | evel

lor ocessi ng[00BHICEdn S’h&R@‘lpmdpfdcesrs Somallapﬁ@yadtmsiwetmmemﬂﬁg% bybstrate (Blockul ti pl e
ayers, or Vi mul tiple spir att.erns connect i,n_ser.i In
nait s on Shb- 4B e mbest SO0 asesBe 1088 I e podRES bR BBFE R 4 o
circul ag. Rexi e pAdcess WOaPpKesiadhesivdita ticaow@ldie(B160k0580).0Theh, tHeiplodesd M
resistor 230, according to an_ _enbodi nent of the invention, The thin film
resi stor 2300 fyjoalesAPaces assepblyhaving dyp-tthn capaciipy inducion/ resisiosent | as are
known in t { RV H; f i is nmerely
an exanpl e%,g_gé Sitgf3 %gﬁrmakﬁb%%qgﬁi.l I eg%ﬁ%ﬁgﬁfﬁheﬁéﬁggﬁﬁl@%ge or design
met hod appfabredtedeinfaieparhiepracessand inolidercandustans such s bempst or s nay be

enpl oyed. 6 WD 2005/ 064673 PCT/ US2004/ 043027 [0033] Figure 5 is a flowhart

assenbl y a[ASALREA-EE Drocdss J0B sl € Up Adlthnd e T ReE B BRI e,
t he pr6@es3hgnthegperesed)0cattachss the uppen dietoghe kpager assendly (Bleck B0 erd is510) .
Then.  the BeRtsafand” N4 AGGE phIE sO Rl el R EPESKER aRYROT 1 2t @ (B ook

520). 5 Nex e pi 0Cess ires’a sive e (Bl ock
530) . Thennecessarypr ocess 500 fabricates a spacer assenbly having thin-film
capacitor/ inductor / resistor and attaches the spacer assenbly to the

lower die fﬁ%&%ﬁgg}e in\-};:rrll?ioﬁ BE See ﬁés%l%’édym s l3?several embodiments, those of

ordinary skill in the art will recognize that the invention is not limited to the embodiments

15  described, but can be practiced with modification and alteration within the spirit and scope
of the appended claims. The description is thus to be regarded as illustrative instead of

limiting.



fabricated in a separate process and include conductors such as bunps.

[ 0035] Next, the process 500 applies 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 term nated. Note that the process 500 may
repeat to add nore stacked dies if necessary. [0036] While the invention
has been described in terns of several enbodinents, those of ordinary skil
inthe art will recognize that the inventionis not limted to the

enbodi ments 15 descri bed, but can be practiced with nodification and
alteration within the spirit and iop®f the appended clains. The
description is thus to be regarded as illustrative instead of Ilimting. 7
CLAI M5  Woaat iseladthed ged is: |. A nethod conprising: integrating a capacitor
on a spacer between upper and lower dies in stacked dies; and attaching
bunps to electrically connect the capacitor to at |east one of the upper
and | ower ,dies, 2., The d of claiml further conprising: filling

adhesi ve %Etmeéﬁm?ﬁgn%3§§§gﬁénd t he upper die and between the spacer and
the | ower indgeating.a chp&eitoEbM @ gpaetr Wdtwedi ubpetdidadwWer diésd sRLkdIGliepaRd | ses:
integrating the capacitor being a thin-filmcapacitor having a dielectric
material . 4. aHehinsduews s eleptaicalyicammestdhecapacicqsrtaat fngstcanemitbe ypper
integratigg%%ugr&ggacitor havi ng a thickness substantially |ess than

t hi ckness of the "spacer. 5. The nethod of claim4 wherein integrating
conprises: integrating the capacitor having the thickness between 50

angstrom 50 20?he r%gt%gé I&)? (r:?aim 1 further comprising:
filling adhesive between the spacer and the upper die and between the spacer and

the lower die.

3. The method of claim 1 wherein integrating comprises:
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

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:
integrating the capacitor having a capacitance of at least 100 nF.
7. The method of claim 1 further comprising:

filling adhesive between the lower die to a package substrate.



6. The nethod of claim| wherein integrating conprises: integrating the
capacitor having a capacitance of at least 100 nF. 7. The nethod of claim!]l
further conprising: filling adhesive between the | ower die to a package
substrate. 8 8. A spacer assenbly conprising: a capacitor integrated on a
spacer between upper and |ower dies in stacked dies; and bunps attached to
the capacitor to electrically connect the capacitor to at | east one of the
upper and lower dies. 9. The spacer assenbly of claim8 further conpri sing:
adhesive layers filled between the spacer and the upper die and between the
spacer and. t heAlspaer agdemblyldmplisidgspacer assenbly of claim8 wherein the
capacitor is a thin-filmcapacitor having a diel rlc mat eri al die 11 The
spacer assenbl ¥ RPN &iSPRCEhRETWSTRIAPED andh e digh e Riseked di
substantlahjy | ess than thickness of the spacer. 12. The spacer assenbly of
claim1l erein the capacitor has the thickness between 50 angstromto 200
angstrom 13. bﬂfhﬂ attaelnerto dlssa@piditpr of eledtadahly 8onvivet the gapdegorctapabastone has a
capamtancgh &g@# 100 nF. 14. The spacer assenbly of claim8 wherein
the | ower © fgngﬂéP 2410 a package substrate by an adhesive between the
| ower die and the package substrate. 15. A die assenbly conprising: a
package substrate; a pIurallty of stacked dies on the package substrate and
havi ng at 91 easThespaggsesembly ef elaieh & furthareomiirisingand at | east a spacer

assenbly bet Wegcﬂleglvg lz‘{]}%Pse rﬁll@(ﬁ'%e wed rthglsgascter tanc? the ﬁgﬁer f23 %Hm%veen the

spacer and the lower die.

10.  The spacer assembly of claim 8 wherein the capacitor is a thin-film capacitor

having a dielectric material.
11.  The spacer assembly of claim 8 wherein the capacitor has a thickness
substantially less than thickness of the spacer.

12.  The spacer assembly of claim 11 wherein the capacitor has the thickness between

50 angstrom to 200 angstrom.

13.  The spacer assembly of claim 8 wherein the capacitor has a capacitance of at least

100 nF.

14.  The spacer assembly of claim 8 wherein the lower die is attached to a package

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

15. 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

at least a spacer assembly between the upper and lower dies, the spacer assembly

comprising:



conprising: 9 a capacitor integrated on a spacer between the upper and | ower
dies, and conductors attached to the capacitor to electrically connect the
capacitor to at |east one of the upper and | ower dies bunps attached to the
capacitor to electrically connect the capacitor to at |east one of the
upper and lower dies. 16. The die assenbly of claim 15 wherein the spacer
assenbly further conprises: adhesive |layers filled between the spacer and

t he upper die and between the spacer and the lower die. 17. The die
assenbly of claim 15 wherein the capacitor is a thin-filmcapacitor having

a dielectric npépatifrintegidted bRQ sPacRr B&twBEDIhY upper Gh@idWet dicdhgidei n t he

capacitor has a thickness substantially |ess than thickness of the spacer.
19. The die as@@mtyrS@fta@ueémﬁhwaméwerpwlqcmakba%mpetdhe pAPaCitaido ?H?%Skness

bet ween 50.. gston 1A 1200 AD0BHAEMuachD: 1oTHE LB BSBE ROt Ghikin 19

wherein t e capac OI’ asS da cCapacl anc

assenbly ot capaziton tdat lshgioae of the@pperwad Iavee dies. att ached to t he package
substrate by an adhesi ve between the |l ower die and the package substrate. 10

16.  The die assembly of claim 15 wherein the spacer assembly further comprises:
adhesive layers filled between the spacer and the upper die and between the

spacer and the lower die.

17.  The die assembly of claim 15 wherein the capacitor is a thin-film capacitor having

a dielectric material.

18.  The die assembly of claim 15 wherein the capacitor has a thickness substantially

less than thickness of the spacer.

19.  The die assembly of claim 18 wherein the capacitor has the thickness between 50

angstrom to 200 angstrom.

20.  The die assembly of claim 15 wherein the capacitor has a capacitance of at least
100 nF.

21.  The die assembly of claim 15 wherein the lower die is attached to the package

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

10



