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EMBEDDI NG THI N FI LM RESI STORS | N SUBSTRATES | N POVER

DELI VERY NETWORKS Background This invention rel ates
w@enanadoyy t o power delivery networks for intePCHUSH06/026077

circuits. A power delivery network supplies power from

a power supply to an integrated circuit. Integrated

circuits are typically assenbled i nto packages that

are m)unted to a rlr}tedc:lrcut brd The r|nted

CircuH Preiliyg 2
subassenbl y thq;t WaR B WE&Q‘Q“N&ETW rmt herboard or
printed circui 7S general iy advant ageous to

have a seni conduct or package and integrated circuit
that is nore efficient Bablggrowgl hi gh decoupl i ng

aC|ta d | ow induct anc
2P B el e e Paser GeaS i onE runBRtRig gt
CARRGeE BEISvdrP nEQRIVIE SuppBESARG S 6l pb@et g\gﬂpgﬂﬁmt AR grated
_ power transferred fromthe power supply to | oads
circuitwilntegratadhadrciuits avgrtzpiealycaspebled intgpackages holearanougtsd|to a
prlnte(? 81§cu1tglfo%{<¥e Thé erlérlét\ré a?%ﬁﬂfgﬁno\@g% K’lt’:ly E}‘?ﬁo%%o?%t\%g ill{tp gin RRRM&6nic
subasseibiyothaBing e be Aliasd ageo udlherbdard dopEntsd cituit beard.onest

possi ble cost. i Brief Description of the Draw n
ﬁt®g@enaliY§daa%%mﬁq léave@rssgge%léEQtPWagq g 19k %Eﬁﬁ%i

01rcu1tetHBth‘¥5?@%ffﬁEelﬁ hﬁvfﬁg %‘Mecb £b1taﬁ&egéﬁéﬂ]o%nﬂl§ctﬁlce To

circult power delivery
this endepmeﬂdedxﬁfeﬁl gtwerkd may baaiemgnkahw&h wesishorsard ezr;iaodorﬁmm teduce

of the present invention Bis a nor
impedafqeciiftd dReaRS RSPV Frén%%%g%%m& ° P?‘ﬁ%ﬁsé‘l’lilﬁﬂq a3 wifth the
mtegrggg%&gpce w th one enbodi ment of the present

Invention; Figure 3 is a partial, enlarged,

cThbss a8 ogeral @al ofiteepemkalliemestydry istooadioetke powie loss of

the 1nt%gr?e’1ted mrcuxq ang 1mprove its performance. Advantageously, it does so at the

lowest possible cost.

Brief Description of the Drawings

Figure 1 is a schematic, cross-sectional view of one embodiment of the present
invention;

Figure 2A is a simplified circuit diagram for the power delivery network of Figure
1 in accordance with one embodiment of the present invention;

Figure 2B is a more detailed circuit diagram for the package of Figure 1 in
accordance with one embodiment of the present invention;

Figure 3 is a partial, enlarged, cross-sectional view taken generally along the line
3-3 in Figure 4;

Figure 4 is a top plan view of the embodiment shown in Figure 3 in accordance
with one embodiment of the present invention;

Figure 5 is a cross-sectional view taken generally along the line 5-5 in Figure 4 in
accordance with one embodiment of the present invention;

Figure 6 is an enlarged, cross-sectional view of another embodiment of the present

invention;
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Figure 4 is a top plan view of the enbodi nent shown in
Figure 3 in accordance with one enbodi nent of the
wonres@izo4s nventi on; Figure 5 is a cross-secti orai/us2m@®e026077
taken generally along the line 5-5 in Figure 4 in
accordance with one enbodi nent of the present

| Pigere T B palrtig]Lfe@uéed, SroddiscRtibit] Gty takew ganedaldt alomathe line 7-
vi ew of anot her enbodi nent of the present invention;
71nF¥$§U%e 7 is a partial, reduced, cross-sectional view

Gl 9@%%%&4@&% ({51[3/9 ewP6F sfill afiottRr EﬂnﬂHt?ﬁleﬁt ﬂ' the

ure en perspective view o
preserjmltmteh&m enbodi ment of the present invention; F| gure 9

. t |
L R GRSt B
taken k&heFAIGU1SnBthb ﬁn@@@fr@@&% 8'%h taBc 28hce WA IERMb FHiméMiQ f the

present 1 nvention; Fi gures 10A- 1CE are parti al,
pﬁﬁmﬁeu&n@mlandoss sectlonal views taken generally along

chigutsIOAY 105 ey Bt rRCRETaRY Pl feh ety bong
the lin@gST fn ARG inrhcasancbamgiediffetdnt 5@H@dlﬁﬁh@(ﬁf e sl idvetion.
present invention, resistors may be enbedded within

integrated circuit metalljzation layers to inplenent a
pover delivery netwdPRadelPessHptiol manuf act ured at

| VGl ofRRte tﬂ 1R sa9ld 'efﬂbgalmehg%fglg@l’@?%g n{v%ﬁ i, %ﬁstg@)ﬁl r%sbe

permt greater control over ance va ués. In
embedziet &dt'hnl’emt@ramd casuis mtallrmyombyem‘mte dueldmeit :hpcmwer dehvery

netwog%gl L a:rlggrﬂg:lf 5 ree{ﬂn%[/ ogvg:r Iﬁgsg |o{1 'tgonaﬁ enEtP.Féi%éd Fesistors may
perlrnifc‘jgrtz@tkll ARl Bher B GhSee VARIEST 1 fend é?nl'fdcﬁh‘ﬁél@ts la reBisRPWRYY be
l'ivery network 10 may incl ude a ﬁ inted circuit

embedsted mdthiD Metatlizgition ayiess andunothgr emp nisuhs|eynbedded repigtor

may W RGeS PSRRI B B% T nt et circui t board 100

t RefiringHosEateeld aPoiet HéliveAPnauikt Bmey idchelepr privitédicircuit
circuit board 100. The int egrat ed circuit 140 may

board 1@ lon ardhich i araird apoveseppIvildfi hhe ReWpraaPalyel 10asupphes
powerstﬁfgu‘éﬁ nﬂitgr%toﬁﬁecﬁ'oﬁs Jvi)’tgm th@pl"ill‘ft&? El‘;@(ﬁf:@oard 100 to an integrated

circuit 140 mounted on the printed circuit board 100. The integrated circuit 140 may
include a package 120 and, within the package, a semiconductor die 130. In accordance
with some embodiments of the present invention, the embedded resistor (not shown in
Figure 1) may be provided on the die 130.

Thus, referring to Figure 2A, a model depiction of the power delivery network 10
shows the power supply 110, supplying a potential called V¢ on a power metallization
line 12. Also, a ground metallization line 18 is indicated as supplying a potential called
Vss.

As the die 130 capacitance (Cgic) fully discharges to provide power to the die 130,
the next capacitor to respond is the package capacitor (Cpkg_cap) 24 that has internal
resistance (Rpkg_cap) and inductance (Lpkg_cap) (Figure 2B). This package capacitor is
connected to the package 120 via the pad 14b to Vec metallization line 12. The other end
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wi th some enbodi nents of the present invention, the

enbedded resistor (not shown in Figure 1) may be
wonroviodzdson the die 130. Thus, referring to FPQUuS204026077

a nodel depiction of the power delivery network 10

shows the power supply 110, supplying a potentia

of the &aphéifs iVEmneRte@tdPBBBhclRE abb iaafal ada. Thegpolvder dicharge path of
ground netallization |ine 18 is indicated as supplying
the capacigest2drgoes threugh @abegdded resistar?e. di e 130 capaci t ance

fggm%% elc'nl’éloh <:‘i11ltsS ﬁ{% n?@e%id%@re@fs%\f rgmrthé Heetdh:s iflir€ase the

cépac o respond I's the package
on-die @a@ﬁl@hh@ baﬁaﬁiﬁi«@e bagus@ thetshladon least iiself ér mate thess itetsabstmte

cost, gk A LALp B GOF S8 Eo T B etrel PHERBG U ThEh (Pipncy
1mpediér%g 8?@% e treh By MeCe B RAES Ee%iﬁdr%tﬂek E}%njtge odaf: Qdph&ifor in

ndof e capaC|tor is connected to the package 120
sonwemﬂmdpaﬂn&4a The pomer di scharge path of the capacitor

goes ou resi stor S . .
s e e e SR et Rt PP b 3R R plent sosi
res1sta1t1<9: (‘E‘SRP @ﬁﬁ%ltt)l@%ﬂﬁe lgH EmBLIed Rsishd atlaRacustamcaadersidigce
he icon cost itself is nore than the substrate

values mcsded ingicapagiten eAvalablrehish §RRsoptciioapI: B marleispapbn gade
to specdﬁ?e gegﬁta[l)lce %uésn\g ih geg tme%blufn ?(9 %&?@ét #‘Eﬂ@i? 2&?5?&{15@3{5 B&inly

ed r'esi’s

due to @Rarbig ©d D@ﬁéott@ﬂ‘ tei‘rﬁm&bf%lsaﬁtmﬂhl@me&ﬁcmgi eistdel edterials.
resi stor é be advant ageous conp%red to_hi

eWiith\aa carhedded TeiStor.cRPETIG HRESIIESKYUERHAY P b opGined e
demgnh%edlﬁ%ﬁg@gggﬁﬁ GihRhSbn bt Lith ﬁﬁ&ﬁ%ﬁg%ﬁgéﬂ Sl‘haar(lﬁﬁlon the

n a capacitor. Avail
embeddag eesistor msaycailotshfor tmiulctabn imethie hemberdd chpaciioes ﬂfemby reducing

resi stance values with relatively limted choices, as
materl?]r?élldrm‘?rlé’gff THEQSPs mainly due to changing the

CRRAGIERratiSh BF B @brtfo%sdf%@ﬁﬁé%i H&d ALuHRBE 130 thabisGfertinent to
resistive materials. Wth an enbedded resi st or,

the powpedsdlivery natwprkt Idhis depiatedds Frmwe bin asspuianeaiwih one embodiment

ot he St A, PR erROARRFRF BT a8 b Berobl or
interlaBYdidleéteids @321 adiizd. | Bétwiebn tHRelidledthey 30ind 3R acihedee] 1 or

her eby reduci n% mat eri al and manufacturing costs. The
poweramwlﬂlgﬁmlu@ri%f ehwerst e dielestriasd andE0gisdbelevel 3 ey ground

metalhzaﬁon ?196 i@ aﬁmhﬁ’y,%‘% th%%lecttr‘?c 28 may be metal pads 14b and 14a. A
substantial portion of the upper surface of the structure may be covered by solder resist 15,
in one embodiment, so that the capacitor 24 may be accurately positioned to land on the
pads 14b and 14a.

Coupling the pad 14b to the power metallization line 12 is a via 16. In fact, a
plurality of parallel vias 16 may be utilized to reduce effective resistance by providing
parallel paths. Thus, in one embodiment of the present invention, a plurality of the vias 16
may extend into the page, in Figure 3, all connected to the pad 14b on one end and the
power metallization line 12 on the lower end.

Similarly, as depicted on the right side in Figure 3, a doubled via 20 may be

provided between the pad 14a and the ground metallization line 18. While a doubled via
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t he power delivery network 10 is depicted in Figure 3

i n accordance with one enbodi nent of the present
wonvEneas. Over a sem conductor substrate (NOPCTHS2NNG/026077

may be one or nore interlayer dielectrics 30, 32, and

28. Between the dielectrics 30 and 32, is the level 1

20 is 11ﬁfstr9@d’eﬁlof@ch§ﬁ {W@ﬁérhl@él phihd %a%/aae 6V RghiAQo reduce impedance
dielectrics 2 0, is thé level 2 or ground

by\HHWQDﬁmbmzaﬁkbmﬁwwméﬂmawﬂm nal ly, over the dielectric 28

be net al ads d 14
chterEorns e 98So 2 P 31k RGN ARY Bl 0 50 5feo
ultimafely, $@tHdgiowee Sipply 150 arddtheBgpRtbOZH, AEME]] a8 the lesibtot P2. (The

cagaC|tor 24 may be accurately positioned to |and on
reswtor lsgmﬁ haw ingfigUEAd.  Coupl i ng the pad 14b to the

t
ur al 1&‘(% %loédrp at ‘Igﬁ h }lé J]%gi[ﬁ%ﬁ ge%s?? %2;1(3 (51
underrfeet!ﬂhm);ﬁ)r_a}f)ﬁ ef:ﬂaj_e‘d&aldfoﬁtm BiymﬁSeaﬂdyreﬁsﬁol\ﬁl diegepstoall Esl electrically
t hs. us, In e.e e
couplelgrsendh Vis BrUNHETYbU! 20 B s D81 hy R4t 950
aﬂlaly}%vgt%g%g thé S(ﬁﬂa%ﬁst:iﬁ i )&)% rﬁgn bPthk ?ﬁd nag 1s]é1$2:t1‘i’<5hlly

the power netallization line 12 on th
coupled dovire wpper leguorﬁtheanvmeddé-sh@pd@awltoh% hfehlh thé cxmseképmwon

ot GBS M P Bl S 8

may ald®yd b@ﬁlany A8erédby fasissls alnele iITRErEtet BAHoHMEENE, ah@bé@%
pat hs may be provid \ggln to reduce |npedan
coupley it Vs ﬂ@ﬁ pach &Mml%l tonsuang the padh tpistcRepl edfhcu‘é(cc» %l as

and 3, the ground netallization
w3000

ultimately, to the power supply
1N@<tﬁfﬁﬂeﬁ1hg tCRigacd 3, dlie 2, 2 dniat badaMat dTe at eastpartiallg2overed

by e s b T etk e B0 D, e Setlag T B0 b0gy
their 1 \gerang&‘?,']s Hﬁqgsriilgﬁﬁljﬁ BRI fheq s1§t91622jé1‘€s| SCdd Lﬁl}(}%@%@r

r'esi st e resistor 22 is electrical
dielecteio @8k e Thb phd@€ noupies thiomghebebled zatd0an tlpralwbvzeﬁ‘ rmtailllzdtte)n line

BRCONTURE ST Y TR E RN N L TRNE T

resist f#a is electrlcally coupled to the upper Ieg of the
I nverted U shaped capacitor 24, while the exAEosed
pbis, amewbedded rpmﬂoumﬁndsa dik sislercppasitpy (RYTI ey e prrvided

in an 1Btggliait%d f ghlg%\c;lé q‘gocf e'js‘ %Ql%'%gs;gq??o ardes% 82?%(23% S0 be
controBAKIe € ER Atpredide déb%@d 2&istance value in some embodlments. In some
embodiments, a surface based resistor 22 may be advantageous because it may be more
easily fabricated.

Referring to Figures 6 and 7, in accordance with another embodiment of the
present invention, the resistor 22 may be embedded deeper within the structure shown in
Figure 6 and, in particular, in association with the power metallization line 12.

In particular, the line 12 may have an opening formed therein during fabrication.
That opening may then be filled with the material that forms the resistor 22, which is
patterned and etched to fall within, and slightly beyond, the opening so as to slightly
overlap the line 12. For example, the line 12 and the line 18 are typically formed of

copper. The resistor 22 may be formed of more resistive material, such as nickel. After
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couples to Vss, the pad 14a is coupled to Vss, and the
pad 14b is coupled to Vcc, all as further illustrated
wono@Eiogeases 3 and 5. Next, referring to Fi gur eP&T/USh®6/026077
pad 26 and the pad 14a are at |east partially covered
by the sol der resist 15. Bel ow the sol der resist 15,

the oveﬁg.n%ccﬁe‘l%ctrrigf %@ P3P Gre ?&%&4§Efe§ ma¥ bE R&d dndl MWRArwith the via

e resistor 22. ectively, the resistor
16 whléiﬂthentm tom, Bnds omtberofiahectali ished tayec3D tat el¢¢$€¢§ibdc0.l_’l§ects to

e res GV B SHID SO, K220 L N DOUFTy coppenon it
the firsP r‘ﬁf)&dlﬁﬁni he regi on between the resistor 22 and the
resi st 15. Thus, an enbedded resjstor 22 and
dﬂeéersmgeo E@laﬁe"i,ttb? reiBOCP2 amoraly 19 an AN wikkinithe Linp 121 in one

embodl e @le%ﬁ aB le?nla% he Irr?agb f38-up ?dlg'f TP RN {1204 83

e foPee preci se,
that is ﬁﬁfduh&éﬁ b Hlestanee2yl thepadl4ome enbodi nent s. In some

Sehvasfin gss f&@%@@?@%ﬁﬁ%@eiﬁ%@%@ﬁ Frgpiios 22 inghe
Vertlcaﬁgrfcf]% r {&9% 855&% eg}, gd_] 7tho§enleﬁ‘§tﬁ9 HEABGENWE Eé‘bls’cance can

ano esent nventi on,
be caref§iby &drfolléd. Baye bhotehﬂheghdpkﬂy ohag e ntilizechiordefine these lengths
n _Fi gure

h
st LS R OHE A LS 6 ST, L0 B3 ) B iy

detemﬂﬁefdlh%&h@ embolifindnte 12 may have an opening forned
erein during fabrication. That opening may then be

flnlacextdewdehwitthe thimt emhoelim@h@f tifeqpragent inwentios, shoyyn mfigures
ch is t t e ed a

sand SlhGrpeBR LTkT SR o g b Py Ut ey B a e«

single bitE26 hitta Ql%FleE@éflsth(Mle‘, oﬂthh%e lsiidtepal? 28ned trésistbis 28 My be

are ty EI cal formed of copper. The resistor 22 rra t[)l 4
providédimeigh ah ethélm@ﬁl @hms«ﬂlermfl@% and resigkRS 44 DY SREPLd (e pa

tert over | f
14a. I—ﬁ)r WEVEF, natBe Cu egco g(#tl%?l% [Hg? ﬁﬁdaréggagl%lt v(\)/% 'EHEE;glds 86 is
precnsélﬂ b, sahie dsufe@crﬂiea Ipﬁ@mmlytwmh m‘spa:t a2 theel singdd padjemla;@melg&f
at electrically connects to the resistor 22.

Figure@Bher wi se, the structure is the sane as that described

'Fl'ﬁ s%ﬂ{erb%geé ﬁ{e% b dibioh BEmiukif p?%]%z?dmddnﬂ‘?ﬂﬁltlpﬁ%faﬁilfel fbﬁlsfo@s 22

resistor 22 anmounts to an island wthi
may rddlilee tdsiveant?, ddwantageoesth ddprowitg thapeifomzdnice of B 1@tgfcgnp@|tlon
netWOI\'/kl as 16 may extend upwardly fromnetal island 88

Finally, referring to Figures 10A-10E, a variety of embodiments use a resistor 22,
associated with the line 12. They differ in the arrangement of the resistor 22 and,
particularly, its dimensions relative to its contact with the metal island 88 coupled to the
overlying vias 16.

More particularly, in the case of Figure 10A, the dimensions L1 from the island 88
to the vertical and horizontal edges of the resistor 22 are equal lengths. Thus, the vertical
length of the resistor 22, moving outwardly from the island 88 and the horizontal length,
both illustrated as L1, can be virtually the same.

Referring to Figure 10B, the length L1 and the horizontal length L2 are no longer
equal. This length difference may be done by simply reshaping the resistor 22 during

deposition and patterning.
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that is surrounded by the resistor 22 to the pad 14b.
Thus, the current flow paths are determ ned by the

woOenmgton2ag the resistor 22 in the vertical andPCT/US2006/026077
hori zontal directions. By adjusting those |engths, the
extent of resistance can be carefully controlled.

Q}@tere%}ﬁh% ko F%@% B ¥hdRYistee 20td dondesled tb wefidingl $h@se

|'engt hs an hs of the resistor 22, the
left and mightsideef with dee width pEW eOnghariop2pd hajfomesideefihe island 88 and

L R BT

the resiSIVMEIR drOie &b ovdriglit skdedttre ssla&da&goto %etﬁlhle amrtae genadtbottom.
of Figures 3-5 may be utilized. i nst ad of

okl reulél%orépsmw te F&uﬂe Yo ampaﬂ@ |r%91$t@%2?s haye a 5

hor1zo§i§ﬁ leﬂgth I%ﬁsﬁgﬁﬁan (s é(g q?fh%%gﬁﬁ)& ﬁﬁé%%ggﬁsﬁegﬁa%dn? but

only i &ﬁlrsglom sligizdreiyh gierpoou oflcdriect path idldad S&oMbug A1 mhipenot
ture_of the con tions thereto an he arrangenent
equal b apd, JXa¥ nofequa ‘E\F@e‘e.sg@rfymﬁﬁgn%%%egf& o RS g Hon
p?i%ﬂﬂ}? lféi*ean’% t%hﬁ%@r% RBE! tht Pesidis B S BxtRAGk W@l‘y%& from

‘ Fi gures . n SOﬂE cases, the fl‘ ovi si on of
its poindftdoptact withi sheiland 88 nifhes, feegiston? bas ¢ dighansiond-lognd W1.

uce i.st.ance vant a usI oV t h
s T LR DR e P B BB o BRI e felGior 22
Var1atlbﬁ§ @bt A bk Prdvidid, Bfosd Sdtedlighe At Wall lap;ﬁfém@fe numerous other

enmbodi nents use a resistor 22, associated with the

variatiohselt shrould-he gopteeintsd thaw thatdharesisigenttihe sesistore22 may be

B0 AR b R R e

and m@nes] yi ng vias 16. Mre particularly, in the case of
Figure 10A, the dinensions L | fromthe island 88 to
t reaogeideneeayith seme srIodimeais of dcRressnt i, nfioyn fag fgpisisp 22

may h@&eea Sl 542 m)ﬂts() 1 T4%ns 515:& hbt‘f\ﬁhr éﬁf‘gt}@l@éhﬁ hg may,

resi stor Vi ng outwar ron1t i sl and 88 and
for exmhplehhnwemmlsdhwt}ebegwmn m@tdndQIOD @imsinesdmgsnibadimentainSeveral

cpac g S B BB A7 T SHL G o, o
capaci?(‘yggI Qg rrJrlla-r%Betsuﬁgg P‘gfélfégét'ﬂgﬁlé %rr&ﬁ%rﬁfnggyth@ QuABBLoDYAPEE RS, Y
Moreover, the capacitors 24 may be die side capacitors (DSCs), as opposed to
interdigitized capacitors (IDCs). The embedded resistor may be designed for other form
factor two terminal capacitors and also IDC capacitors.

In some embodiments, providing the resistance within the substrate enables lower
cost two terminal capacitors to replace interdigitized capacitors. This replacement may
result in a cost reduction of up to 60% or more in some cases. In addition, the number of
capacitors may be reduced in some embodiments.

The objective of a power delivery network 10 is generally to ensure maximum
power transfer from the power regulator to the integrated circuit through the network path.
This may be achieved by ensuring the lowest impedance (Z) of the power delivery
network path since the power is equal to the square of the applied voltage over the
impedance. The simplified resonance impedance (Zo) of Figure 2A is provided by Zo

being equal to the inductance divided by the product of the capacitance and the resistance.
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deposition and patterning. Next, referring to Figure
10C, the resistor 22 is connected to the island 88 on
woheo7leta4s and right side of with the wi dth of YWT/USm006/026077
the top and bottom side of the island 88 and resistor
22 is an area filled with dielectric 99. This is to
The cApasitinge thiebectepresdrited bpus oh kiealégbuiling capaditahey, wadledlne
the left and right side fromisland 88 to tal 12,
inductppge and gesivipncs AePrpisnt Hningy cgqylp@aa@ﬁ&é@ﬂﬁ%%@s greterdgooupling

capacﬁdrg,.qﬁauaglggpﬁéei%g? hr @fﬁer}gﬂ?d éﬁ,ﬁ&%g r 22 does have a

orizonta that extends to the
t Dhe singblified tesomarice impedaatagcithe loweredryyingneagingthe on-die
regian allrg %d wi.th th L]‘%odnt of con .act wth is ind.
capacigBite FRtrEasiil isgPiSiolee 8l A ST BT RIS L S b e O
mamtzhﬂm% %n@ﬁ@%e%'ﬂﬁesd&ﬁ lh%hd%&ﬁﬁ)?st T 6 ARR - wiklh §thd V.
referring to Figure 1 e resistor 22 only extends
embodipwals dif fhegwesent myentions tl}@aﬁmtame of ol provervielivery hl@twork 10

ey TR0 By P L5530 BB P BaP PG e o e
surfacB 'éﬂ’ﬂ@rsu@sftra@(@ﬂﬁ ligfer Myet6f thesiibstae, \Qﬁllé/ﬁéin@dlhﬁigf’now hat
be provided, those skilled in the art. w
mductamsw ddiegmbeddereicsisignes may by sontealicd by deq;lgn@séwah pieecific
C { t e
dimer SR SEORLSGL U Rl ARG RhoblE BERLkAeor
the reﬁito@ﬁdeaétgmmmtoﬁ rouesg st ﬂmsm 280 mpﬁ to $iGten. and

nunber ac ord nce wi.th somg enbodi rent g of, t
éemceg ql? 1Stsﬁ%°1ﬁ%a§1°§tt?)r onge iments ox “an embodlment
mean Hﬁg& ﬁ%g%l Pfeaﬁlt?@ lé%ru@tul]e gk El’fa?eﬂ:‘ferﬁﬁg dBscrBREUE L dntiet YorOith the
may, for exanple, have a resistivity
embodistentie mnclmdam dt 2849 o0k eplemestatien emﬂmmaﬂmdtmthlsdwanafwnt
aven 2 e oSS B B R B AR
not ned&REhily rERHAAFAB h G &BEBEMERN Fufthbeor UR® Bhrtiehilar features
capacitors. Moreover, the capacitors 24 may be di
structusiesl @1 chayagerissics mepdedystitated @p@b%@lt@@e ifpresy atheyi tharz@@

pric AR En I BEe FREAFHRETRS AGPASL EonRAeES i

cla1m§\<511dhélbﬁe@eﬂt léagagi tors. In some enbodi nents,
provi di ng the resist ance W thin the substrate, enables

| S\lle thoBtesenidnveation had been gatribed withgesnspl t@dimited number of
emboéhﬂfeﬁ{sdfhg%é ék%lgﬁ% g%@gﬂt %&Qﬂ ﬁp};gr-emé% ARG SRS c s fsY!

tost re ion o gh'or more 1N Some
variatioas éereftam.alldd intedded tHae t}rewpbardedfclalms cover all such modifications

and variations as fall within the true spirit and scope of this present invention.
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capacitors may be reduced in sone enbodi nents. The
obj ective of a power delivery network 10 is generally
woOaQomEneme maxi mum power transfer fromthe poweCT/US2006/026077
regulator to the integrated circuit through the
network path. This may be achi eved by ensuring the
| owest i npedance (Z) of the power delivery network
path since the power is equal to the square of the
What imglplmetiisvol t age over the inpedance. The sinplified

rresonance i npedance (Zo).of Figure 2A is provided by Z
dei ng ‘{gl?qﬁlé?g?%{s flﬁ%“ﬁé%‘ﬂ%{sgf%e di vi ded by the product

of th@igggﬂqmgQagﬁm@ﬂdmﬂhe resi st ance. The capacitance
can be represented by an on die _decouplin

. . g .. -
capaciansmeheddedhiesistor Blectricallc cennded tarsaidrdespuyplingcapacitor.
represent the inductance and resistance of discrete
decoupl i ng capacitors, including package or
mt hertigasiguit apalain driscludihg aslengiltwd nedaltizgondacses, said
i npedance Z0 can be | owered by increasing,.the an-di e

crmbodgGDERIoR HE SR PPHBPERIReaTae PR S SR LT ot e
decoupling capacitors or |owering or maintaining the
I nduct ance of the decoupling capacitors. In accordance
vi.t h sBrecientiodiclaantsndbdinpet lpagswamgtalliestiandpyers, said

et 2S8R BBV PSP BRI, P

capacitor routing, either on the surface of the
substrate or in inner |ayers of the substrate,

i ntb al'lg ﬁg:uitf@;ﬁ/claha devkateia saifirepesioe éﬁdédih%@_éii %@%llé‘?es a
pie YRGS A AT) Bt APyt 5

di mensi ons. Cenerally, the resistance of the resistor
needed for capacitor routing is fro 100|ﬂ%%gt£11 d
chm  REresienies claip dugrlydingtmad searediffone ey gealangds sai

L L e e e T e

teristic described in
connection with the enbodinent is included in at | east

io@n}s e :1?'? %&gﬁ%&éi&%ﬁg&%ﬁ%‘gas Sle \s/\lﬁtsttﬂg isgqgtpglgg rt)lgrgﬁéhn gaid padtoa

er%ﬂ@ﬁ?%&ﬁﬂhiﬂ@h."in an embodi ment” are not necessarily
pow refefring to the sane enbodi nent. Furthernore, the

particul ar features, structures, or characteristics
may be instituted in other suitable forns other than
the particular enbodinment illustrated and all such

forms TRy cibieTcRMRBSTREriM drdi of shiden&hléizatonefis 4 pewer supply
present application. ) . . . .
metallization, said power supply metallization having an opening, said resistor being

formed in said opening.

8. The circuit of claim 7 wherein said resistor is coupled to said capacitor,
said capacitor being U-shaped and sitting on two spaced pads, one of said pads being

coupled by a via to said power supply metallization.

9. The circuit of claim 8 including a plurality of vias extending from said

resistor to a pad coupled to said capacitor.
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VWil e the present invention has been described with
respect to a limted nunber of enbodi nents, those
wekbdlezb48n the art will appreciate nunerous PCT/US2006/026077
nodi fications and variations therefrom It is intended
that the appended cl ains cover all such nodifications
and Varitii@norafihalihciinBiablidptyt dfyaraRl fdsistoanfbrmed as
scope of this present invention Wat is clainmed is: 1.
embedded thit 8p agséddiosi r cuit conpri sing: a decoupl i ng
capacitor; and an enbedded resistor electrically
coupl ed to said decoupling capacitor. 2. The circuit
of1. cl ah Rydemohipgising: at | east two nmetal lization
| ayers, said enbedded resi stor being positioned
bet weehpined GheEtbesfdsai d netal |i zation |ayers. 3. The
circui
netall% atlonakl§éwgggéaldpgﬁgé%gggﬁﬁgg¥gﬁgg bei ng
associ at intbgratedicirduit doopled tm$aid piivtedeiranit boaj said integrated
cicuit SRS 8y epQPIE RO i Sda] S Al ically coupled f
said dé@gﬁ\@y}%& I¥cigtt ending legs and lands to electrically
Said legs. 5. The circuit of claim4 including
a pad spaced fromone of said |ands, said resistor

I tuat ed Iect caII be e aj
.o Thd SRl o R, L1 SRt PR M iR 08 805

metallfz@ﬁd)rSIaS’érsl Said OMPéRIEd Eéﬁ[s@itgiélrfgﬁpdiltmad bocrah@apr of siid! y

nmetallization. 7. The circuit of claim3 wherein one
metalligptiernlageriset al | i zations is a power supply

netal lization, said power supply netallization having

an opening, said resistor being fornmed in said

opg,Ni NOhe Systehinef elaine Ul saidfiniekatat cironfténduding ai ldast two

resistor is_coupled to.said. capacito d capa |t
metallﬁép%lawe@h%%emg?ﬂﬂieé resisipese Sﬁ%létﬁ‘i%fg‘ 13 lpaver g ?1

1544 _being coupled by a via to said power supply
meta rretlg?ﬁ?zati on. 9. The circuit of claim8 including a

pl urality of vias extending fromsaid resistor to a

d t i d t Th t . of
PF o b St e FEYRGbp i Pina oS Litipda fig el a
pair oBfovRITReEN & tdnlding 184 AN ARIs6 Blebtrically contact sald legs.

15.  The system of claim 14 including a pad spaced from one of said lands, said

resistor being situated electrically between said pad and one of said lands.

16.  The system of claim 15 wherein said resistor is coupled through said pad to

a power supply metallization.

17.  The system of claim 13 wherein one of said metallizations is a power
supply metallization, said power supply metallization having an opening, said resistor

situated in said opening.



11. A systemconprising: a printed circuit board; a

power supply coupled to said printed circuit board,
wana7an2g4st egrated circuit coupled to said pri RCEMS2006/026077

circuit board, said integrated circuit including a

decoupl i ng capacitor and an enbedded resi stor

%{ect ThE &Y s 69@@1&@7%@% shid eauplis beuptapRGaldapadi®r,

e systemof claim1l, said integrated circuit _
said capanitoristimgyUsshapeshand sittiog e w0 Fpacad Pads, PBS et sid pags deing

nbedded r.esi stor bein .11 oned over the upper of
Couple(@é?f ?m%z?éﬁ“ PYACT S A gtrag.%l . The system of claim 11,
said integrated circuit including at |east two

netal lization | ayers, said enb ed resi stor  bei

d n ;
5 d9sociThe sypteim of clara 18 dpendipg agﬁifg‘ﬂ%&f s extenfing fidth said
., l.avers. The. of claim 11 wherein said
s R4Sty MR SRET

and i ncludes a pair of
downwardly extending |legs and |lands to electrically

3Rl oihagy el Bl ne RS BALTONS of PAREag ot fogmed ao

LA, REi situated electrically between said pad
enbed%%%h@ﬁ@lbf gg%ﬁ | ands. 16. The system of claim 15

10 wherein said resistor is coupled through said pad to a

wer supply netallization. 17. The system of claim 13
er eiphngﬁ’é’dcfpng’élisﬁlgnet allizations is a power supply

net al lghzhi @ howes deliReyeswatkopkdiigtaddcoaplingoraphator agd an
an opening, Said resistor situated in said opﬁniq9.18.
embeddevethsyfineresistor cbuples tormejabization kgyerg of ag irdegratep gircuit.
coupled to said capacitor, said capacitor being
U-shaped and sitting on two spaced pads, one of said
15 pads bEicngetbodpf 86inbg1 ncltiding wrosiding qyowpper suhplower
nmetal lization. 19. The systemof claim 18 including a
metallightigndpyety of vias extending fromsaid resistor to a
pad coupled to said capacitor. 20. The system of claim

11 including a plurality of parallel resistors formed
@3.  The method of claim 22 including forming said thin film resistor on said

lower metallization layer.
20
24.  The method of claim 22 including forming said thin film resistor on said

upper metallization layer.

25.  The method of claim 21 including forming an integrated capacitor in a U-
25  shape, said capacitor having two free arms, coupling said free arms to metal pads and

coupling said metal pads to said metallizations.

26.  The method of claim 25 including forming a second pad spaced from one
of said pads connected to said capacitor and forming said resistor between said spaced

30  pads.

27.  The method of claim 26 including forming a via from said second pad to a

power supply or ground metallization.

10



enbedded thin filmresistors. 21. A nethod conpri sing:
formng a power delivery network including a
wdeowiprdsng capacitor and an enbedded thin fil RCT/US2006/026077

resistor coupled to netallization |layers of an

integrated circuit. 22. The nethod of claim2 1

i ncl udi ng providing an upper and a | ower netallization

| ayer. 23. The nmethod of claim 22 including formng |

28i d e mettiddmficdaiingdSoinclodingaiatyinghesizedtt apidithigtfilghresistor

: bayg{. 24h The met hod of claim 22 including formng

using phafofjthogtanhy- | 'm resi stor on said upper metallization

| ayer. 25. The method of claim2 1 including form ng

an integrated capacitor in a Ushape, ﬁaiﬁ C aci}q%](i !
BAvi nghe methadeef clims? | weliginemouding aplwality, ofgparalelihin film
enme&%%%gi%gg.coupling said netal pads to said

I'Zations. 26. The nethod of claim 25 including
form ng a second pad spaced from one of said pads

caonnected to | d .capaci far and form. id resistor
561 we e quep Cgetain pometuding CorpluRh e St e ifrtsnt
ing a ' ' | stéRheesansatad to a

wsing o e e e e et hod of
claim 25 including varying the size of said thin film
resi stor using photolithography. 29. The nethod of
claim2 1 including providing a plurality of paralle
thin filmenbedded resistors. 30. The nethod of claim
28 including coupling said pads to netallizations
using at least tw parallel paths between each pad in
each netal lization
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