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APPARATUS AND METHOD FOR AN | NTEGRATED Cl RCU T HAVI NG HI GH Q REACT | VE
COVPONENTS 5 TECHNI CAL FI ELD OF THE | NVENTI ON The i nvention rel ates

general |y t ggmysonduct or device packages and nore speci fj boj
fabricating high Q reactive conmponents-hn such packages. @E&&%JND ART

The present invention relates to the construction of high
devices, typically used for exanple in radio frequency appcﬂmmﬂmmmm“"ww
15 devi ces are notoriously difficulPesesiphéemrporate in the sem.con

di e because of various factors: The quality factor (Q of bot h P ed and

di stributed react P&gﬁg&ggg@g@@é&%‘gy %gﬁrh{,ylgﬁ%@aﬁggggygge resi st ance

of the nmetal, die arasitic re The act ual
i nductive and capaci ti veRy¥IN@ HIGH I%MWEW@N'@ greatly linmited by
t he avaid abl e area on the sem conductor die. Simlarly, distributed

transm ssi on,IJE ﬂg Eﬁfoknfﬁﬂf %Par,I%E g%hﬁ.ﬁéuto confi gure on a sem conduct or
r 2

die for desi re equencies al s ecause of space limtations. The usual
practice is to place tFee| iﬂﬁ%}}iﬁ’@a&bﬁ%%% ganerdd 1¥CtBoar d. However, the
parasitic recaemndBoRduessd diatit® pathages vani nviel spackffealpghtwl ogi es

often seri ou§6grq$g£§9§py?{§h REHeQCNE0E S Sd% CHhOQﬁE{,Cgérea% For

exanpl e, power | er applicatio e parasi ance of the
package!9 eads of ten approaches or exceeds the output inpedance of the
active sem c®MEGROUNDEARTe. |In nmany cases, the package reactance negates

the possibility of buiggi %wgﬂggﬁt{)&y\qeﬂwg felsegfeon silicon or 35

si l'icon-germani um processes. Sim|ar Ejgunents can be C|ted for small

si gnal appl i CPERECELNePt hidh &yPAEELYRI I A8 a¥PLFRL L¥I P82 %ount ed i n
pl asti c or ceoamezapptéaipesradiat freqnenty tdpplicat@ond/. 5483c¢h PCT/ US9912B626

2 sem gondugieyiiodbeat ho@s s 1pabl BeIBALD @ artiipegueatly gp dered to a

PCB. Sone pack a copt ai_n chip

bal | -grid ar B8t °PHX8?H% ber’ﬁ‘ftaé‘sﬁhg |Yﬁ f;i%’gwﬁﬁ |Fg? ‘b‘é?i’s“?yo 5 the
ext ernal contfactterofQ) hef paetitadampedgand dilstrikutedamphetiveows a typi cal

bal | -grid pa%ﬁgeneﬁteeﬂ;%mwﬂ dietedn Dred aoyrm;mt edsligtanselhsd rata 1112

is secured thereto e substrate

i ncludes a s of“etBere?h'lFJ{I?%re’r (}ﬁﬁggf @gasrat%tﬂfoﬁ?ag AMCeFectri cal
pat hway2®et withe aistuad| tequetidves andr caggqui\)e Ma)pes inhdudbedand t he

sol der balls ébi%n@ﬁt&hﬁssgtk@dﬁ'ﬁi a.imiBe@VEy el LRANRLIL1ArEs dsed to
encapsul ate the digs LRUS-EAMPIRL NS1hifaPR) | -Hdd Rekgoe. Figure 12 is an
transmission line resonators are difficult to configure
on a semiconductor die for desired frequencies also
25 because of space limitations. The usual practice is to
place the lumped reactances on the PC board. However,
the parasitic reactances associated with conventional
package technologies often seriously degrade the
performance of a functional circuit. For example, in
30 power amplifier applications, the parasitic reactance of
the package leads often approaches or exceeds the output
impedance of the active semiconductor device. In many
cases, the package reactance negates the possibility of
building acceptable power amplifiers on silicon or
35 silicon~germanium processes. Similar arguments can be
cited for small signal applications as well.
Integrated circuits are typically mounted in
plastic or ceramic packages that connect the
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15 enl arged view of a portion of substrate 1112, identified in Fig. 11. It
can be seen that the substrate consists of a |am nated structure of
alternating | ayers of metal 1212. These netal |ayers are insulated from
each other Wodoaysfs of insulating material 1210 such as pEPEy9IRE6280

ceram c. These rret al Iayers provi de i nggrconnecti ons anong or between the
bondi ng pads or "bunps” on the sem conductor die 1102. The netal |ayers are
patterned with interconnects (not shown) and vias 1202 which provide

i nt er connect Pﬁﬂti9°am5°ltt?é PaP-eFA‘}/e‘?% bajds\phichsa¥Reded is a schene for
provi di ng hi gibRegaspenenicidereliCrdeyiRes. WisomeUpabkageacypesise discrete
conponent s. %Bngﬁégeﬁ&i@ﬂl% haehICRAPOIA G SUCR ngbsaa Siigtlig | C

devi ce itsel us save sgace on sang tine

gai ni ng the A2&¥ake ab%sm?f%ﬁfetgo pBte; the 1P tﬂ?@sugB oftHH 4 @395 58nent s.
SUMVARY 5CF Tidhel dvEeimaIN dantacter dfintiee \padkages i nvention, an inproved IC

packagi ng schene incl 1Jenqcir p@g,@té%ﬁ p%s,lwgea 4xes in the
packagi ng of _.the IC, .An 1.C nmountin i he sem nduct or die
and has a | akRRATEEI(RAAFS of ﬁg’f‘h‘?mfciﬂ%"c}'oﬁﬁ ?‘28? ng external
contacts to ttheal SGbgtxktefliilize idi secuced)ttterefo bm@mmll

PCT/ US99/ 286%§ox§ BafS owhm Po¥ge AWk tdatendnchiasanedkdtnigr the metal
I nt erconnect ct. wwth the traces

rs, i ye devi ces whi,ch conn
comor s etk ShtereRBiet SRvEEr) OF iR gRorteretleal, e ovi g
addi ti onal elpa&hwayabe'adéqmdtheonalldely baol Xshe( oxethovppdtict bYo4diaf, thiker ef or e

desired reacwﬂéeaﬁan@@é\egume&r gamermﬁt%tfamhbetpaegagm{mt al layers
proper. Resi stance %ﬁc;;reat reduced. si nce t he Rageagﬁ nit al LS typl cally

20 microns t RVERCRYALERRYY tlol)i(?nlgh‘llﬁe?re‘f SREECR PSSt YPT ¢ 15+ H'¥8s” 10 t han
one mcron tltnombleﬂlwctahe a*millrsatltiomckm-udé‘lqsﬁﬁ Relg@n|inited to

filter o rCU'eh&aEQédelé@rdﬂ& lpaautoﬂroptawtrstgnatsz pma{tlml y bypass
capaci tors, ijnpedance id1g Bl rﬁgg,t,s h;@szq%a%ggg ?&é}_’?;t gihe

|nvent|on|s§Isoa ?‘lca e Inm WO or 15 nore
seni conduct onchéam’éa‘b%f%lé&'g'é’&tPﬁea°§lﬁb‘?@f’!aélﬁackay%rs%Qq@é coul d be
used to couplieigi.gnghésgamethlbaayees abe ihgsifatbdnerondesdh fdi:bfelrcatl ng the

substrat e of yﬁﬁagéggﬁgt ;[,n%{ﬁ]rytl ghggéypﬁs 1 S,ogh hngsl&s ve | ayers 20

and netal |ayeér I'S patterne treate
phot or &9 st &exR™Mifep. THeRES Pated, IRKEFP RIS PﬁFﬂ'@"T‘h‘é“t’tsaces whi ch
constitute tlamongt excbetsesdrs thEh®oatiing tpadss orvhi"bampetisom tthee t he passi ves

are patter nedgalicbhiySEOF didmids .| Mond nd HL1GGRRECHEe Pocdsididd onal motal

i's consuned, Ssinc e structures f or J)a si,ves _are ‘Patter ned fromthe

sane netal | &R EtF6?°‘P'PFé“?snt é’PEoﬁh%‘E’t)s &35 202t ¥R4Bhce is that |ess
metal is etclpctcbvaﬂ/aymB&CBRtrEFetDEs@RI W@@\Imé TeEaDRMYEES Fig. 1 is a top

view ofz@n | C substr at gn oM meaaaateaag@ém.te %rl BES{/E@WQ{ rigd passive
devices 1 n accor danc W th t&ge i,nvent £ side views of

two capaci tor"°§‘§°8§9 Betd £ Vi&’ﬁsaﬂhgﬁ%‘tar%stl&ﬁ gﬁd“@? *]A%
respecti vel y coimpaneptsal Itdigcidesirabye to| BxagpopeteUsech idsrices,

within the IC device itself, and thus save space on the
PCB while at the same time gaining the advantages made
30 possible by the use of high Q components.

SUMMARY OF THE INVENTION
In accordance with the invention, an improved
IC packaging scheme includes incorporation of passive
35 devices in the packaging of the IC. An IC mounting
substrate carries the semiconductor die and has a
laminated structure of metal interconnects for providing
external contacts to the I/0 pads of the die and utility



Figs. 5A - 5C are views of a helical inductor, show ng respectively a top
view, a head-on view and a side view. Fig. 6 is a perspective view of a
resonator. 5 Figs. 7A and 7B are top and side views of a resistor. Figs. 8
and 9 are cwovssasecti onal views of two typical circuits fepppdoigeaen | C
substrate. Fig. 10 is a flow chart of #&he process steps of 10 the
invention. Figs. 11 and 12 show a typical prior art |IC packagi ng schene.
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON 15 Figure 11 shows the typica

bal | -grid | CPRABKSRRD aSHPOMRE AR Feeunch, RSFAEREA: Pk ihe metal112 and
encl osed by éntepsanrsait 1dyers]usre nopdsivie gevicea wailemaiathextbstrate 114

in accordancs 'ttghé N dief esﬁgfi;smfﬁ e ﬁ%&esﬁnaee?a'mé&q § Qe or nore

nmet al Iayers |nterconnec rat e er of I'nsulative

mat eri al . Flﬂﬂrﬁaﬂ.?ﬁuﬂﬁ?san BpBEr opali Atert t conprising a
pl ural i 8y of funteiaurinidgt tprabesséﬁibqndhthssaue cOoTiparefure 102 - 106. Mre

part1 oul ar | Yae g ORP NNt 1428 RorkHe &k £ BAR LRE S APk SafePTPONEN 106 i

an inductor. It can I nduct or i ncludes traces 122 and 124.

This |ayer oPaF¥R?ﬁ(ﬂﬁﬁﬁ@c§§YF§°dP§?RE£ni(ﬁ?ﬁ?ﬁéaPSﬁ LBr9ERAF W12 of substrate
114. Referringducedrigind® thecpackageimetadf icapypitallP2dOficfons g. 1 taken

i’i' ong \Zfbgwdl tAgc d&mt a:opeﬁte?{p qa‘.emb%&%elll O R 113 rfgt al g
ayer i sposed atop an i ati a i spose
atop ardt hergﬁﬁ‘a‘f’ ng RAST %ngifgpac ’f"b}r % l§ﬁ£€\ﬂnio’r&‘f3§1“{eﬁg bYE t wo
met al pl at esag@Onendl deitedesoht plber Qirqu;thoﬁnsdflhtarxngnﬁnnu; wet al | ayer
200 and 204 Bﬁépﬁﬁpéi{g'ﬂﬁ% b¥owa§uba§pw Bybas ¢8pacibérs n%ﬁéda\ﬁ%el ayer

thus acts as_a eIe ypi sul ative materials Incl an_epoxy

resin or can™BkC ’&%r%’rﬁcmﬁzﬁ Fﬁ?"ag X FF5£239 paTt oY) N5 There
is no one préseatzsd mlema@lle ap mabtitehice modullegepbere diwes rh factors as

desi r ed sel echbieaberivdmfilctoreliice, aﬁ@sga@&g@hvahcal sm@xé@@rl stics,

manuf act urin S0 ,on.. The tlcul ation IC deV|ce
of " the. pr esoHpCRAben: ERFRIRE GPardoRe fed ks RBYPIR' £Edha1<) et

Referring tobprgeesn, thendligiede vi ew of capacitor 104 of Fig. 1 taken al ong
view line 3-3 shows adgliddthiodl ofefabr ddkk ints What svbstpy€s SoBGhe 312 of

substrate 11gyoddn CRAkIAon Qhch Sade MLl NS SALALE,EPRILT - 10 NS

exanpl e, the sfruc Capact T ans
i nt er c@dhect apBomedHY 133(ﬁ§sandE5$12 ‘“FERH‘ %Yaregsseettsmedaazzﬁ and 326 are

respectivel ytieated to amitaitoragest &béh éﬁbb 3&ﬁeapdt8é£h1ﬂ$e pl ates are
15 verticall xnéhpagﬁduéﬁmgmeﬁal RPRLLY R Lles%twé gding layers form
the dielectri cou

capac VI a festo er plates 320 and
324, while aP;BFﬁEF%‘i‘%F‘B%-Z éTG&pPEE“FB'g’é?"néYm;ﬂhatcé@Sﬁ u%mdtlB%G The
i nsul ati ve nphsesiwés odre patiterped, atlthashnEl @ imer ue tse 20 the dielectric

Tt erl s Of RRBELbARedd hio aRAULHohe naled @aeoﬁem&at%§né&2 and lo4

can be coupled to t as devices in

the circuitr¥h8f SERRCHRes cﬁ"rbéf‘ﬁ/egﬂsﬁ }S%ﬁl 4}1‘3 tﬂ?&t&FBe‘én IhethF t he
ext ernal pi nsapeonetal 2hayrt lag) for the inlqnnﬁnnygts$utheC@mhwct|ons can be

acconpl i shed gj¥ ¢bPents €1 OfendtCae sk mb b1 Sid WAldnA WhaySe it is desired to
provi de connectivity to an interconnect in an underlying netal layer. It is

al so noted that the capacitors can be disposed within the interior netal
30 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a top view of an IC substrate showing
an arrangement of interconnects and passive devices in
accordance with the invention.

Figs. 2 and 3 are side views of two capacitor

35 devices.

Figs. 4A and 4B are top and side views

respectively of a spiral inductor.



30 layers of substrate |14. For exanple, the plate capacitor shown in Fig.
2 can be formed in nmetal |ayers 204 and 308 of Fig. 3. In fact, as will be
made cl ear, any passive device can be disposed in any of the netal |ayers
of the subsWbabssssFi nally, the connections to the 35 pl at @Srrgdeohdss
capacitor can be made in any of a nunbar of ways. |Interconnect traces can
be patterned to emanate directly fromthe plates and vices can be used to
couple to interconnects in other netal |ayers. The specific WO 00/ 54337
PCT/ US99/ 28626 -6 conRa8%i \RA st SfcetPeVittd Yepetldfapohrdiete® what t he
passi ve devighuwingC reppedtivieliyn artopt viéwgsa hbadxot FBewwandha show an
exanpl e of g, Spl r‘ﬁl i nductor 402 di sposed upon the 5 surface 412 of an

i nsul ation |ayer " The outer end of the spiral is connected to an

i nterconnect trace 428i97h@ ifhfePeXfRectiyec/igy ©f aj 288tV to a trace
422 forsed in an undefFligsng7aeirgl 7Bawyee topl aocliHide viewstofby a via 424.
Wil e an air.dyiifge can be used to provide 10 connectivity to the inner end
of the spiraxl', such a_structure, is generally re di.fficult éo fabricate
and so the enbodi ment F&BBurd i % 8T e 4R R/ SATH OB VaPYR OF THIEP

i nt er connecttypizads c4zbuibsl fRMmeghinbanokC oppesdiradeset al | ayers as shown in
the figures, or they ggg, beoofk 10 166 ERAP: BY &lhe R¥8tedd &b&psRIFal . or
they can be di sposed,in sone other netal |ayer, depending on how the device
is to b8 corP&tdYen&iPRrring to Figs. 5A - 5C, an exanple of a helical

i nductor 502 i s shownFighi slleandcd2cshovwsa stydicaRpriiprsarplI®al ity of

netal segmenfsciuydingo2énamé. 554 disposed in a first netal layer and
arranged parallel” td each other along a diagonal. A second plurality of
nmetal segnents 540, 542, 544 and 546 are disposed in a second netal |ayer
and arrangeBEST MODE| FOB CARRYINGh®UTI RHE DSVENTI®Mal direction opposite
that ofisthe first metghgsedEntshows g8k ej‘,pyéﬂe&,a‘.iazgriésicconnect t he .
first seamenis.lo. e S5Eo0th CAIPNLS,! Robtkd L Mlubzhian,; Jhe result is
a zig-zag co‘r’ﬁlgL?rdtlon Viewe oMt Re ?op as Shown in -1 g. , giving the
appear ance cind ensilosgf By engaRaulpataflpeft Lwdudde tReFidallstd ucture. The
end segnent s1dnithatied 5dbstr&te Ayl deh hocond@icowiati theapeefé&fedand 504 by
way of vice 0 34 j C 0 d be forned
in the samssmré .a|°?§§§r 13%%%%’22&%&?&5 %éa%fi nﬁ’%% q‘\%ﬁ'f?h%ﬁ% obvi ate 35
t he ne@B foro% Hentereesnedhe 9ACh isaPREAtEd B tArl@YfTe @TWAPBURBEIR] on where
t he connect imdtseriialt.he Fhgase vE shswsC anwuppelimostadayer WO 00/ 54337

PCTI US09/ 2608k erbonfdil! Bnbfy iy 0 o101 PEY SHEClineG okbfuce o

transm ssion [1 ne resonator I sposed in a first

nmetal |ayer ¥H3Ped28 2BEOPREPIR SWPRNEPEHAY T 195 -seMBFB netal | ayer
614. The netpdrthddpely, acempapatsl a02band N5 Hre/ capatdtons HRP.

Sandwi gged belyRienithe ok s PAR! BRidctos . BTl ol P keh €haRosed in yet a
third netal |ayer 612. The ‘gth w2 of thg | ates is _greater than the width
wl of the rre’t‘ﬁ“%tt"irl ﬂ.“AH“éﬂh &5 JFAres; hé rg‘%%ri’a?t“dr Ergﬁsb A¥FHr uct ed 10
with only onintd¥rddmmects péodiepazdl andtBe4top surface 112 of
substrate 114.
Referring to Fig. 2, the side view of capacitor
30 102 of Fig. 1 taken along view line 2-2 shows a portion
of substrate 114. There is a metal layer 200 disposed
atop an insulative layer 202, which in turn is disposed
atop another metal layer 204. Capacitor 102 is shown
consiating of two metal plates 220 and 222. Each plate
35 is formed in a separate metal layer 200 and 204 and
separated by insulative layer 202. The insulative layer
thus acts as a dielectric. Typical insulative materials
include an epoxy resin or can be a ceramic material.



As a final exanple of passive devices nmade in accordance with the present
invention) Figs. 7A and 7B show a resistor 702 disposed in a netal |ayer on
the surface 712 of insulative |ayer 714. It should be clear 15 fromthe

f oregoi ng ewpthkfsy t hat ot her passive devices can be i nCoOpppA8soRdskNt O a

| am nat ed substrate for | C packages ins«ery nuch the sane manner as shown
above. An advantage of the invention is that the interconnect |ayers of the
packagi ng substrate generally are not as 20 dense as in the sem conductor
di e itsel f. Thenes ishapePRecPHRtANNAd MaseE AL 3R tthe\@hoigs WAd1lr esi stors
since there dépdfid emr 8QBht Pact s sl destikaaceleseridw package netal

interconnect%}aattr st m% %0; 2&&9{}%;;1@%3& Eﬂgfgét smlc%rl y, the

resi stances acitors can'be | owered by
this .nventuwwtﬂmgghpgﬁéra@ cﬁﬂll%’es Tha B@rﬁaie%mazreepptnsaar»%ussu on

will now tureég tuﬁ‘x trepidesdicei 6t:utms privdienti ghvehtiomoniyoaicedtenthet he
substrate of Q_‘q_cﬁgggn %shows a tank circuit 800 used as 30 a

resonat or f SCI ators suc s (vol tag‘il controller oscillators),
conprising a parall el RGSF?BFhﬁ‘Fl"o?I Fg-ari /i fhacEbie goewvrf £2PapatPYor 804.
The tank cirrod toff Wiigcahl yakeh|albmg mipwedihe 3+3 cshdwsy additienal

sem conduct qge & £ ame \muefatieé r&swr% 368 anglﬁlaft&ﬁsim@ﬂme the

osci |l I at or CI rcuit. cross-sectjonal view In . hows _a

seni cofBuct o?allﬁ%“@fo Wuﬁ?eﬁ ‘E“bl%i'fléﬁﬁeﬁ'&f’ealgﬁﬁs‘t‘?%ﬁ"e“@fz 38 der bunps
828 of the dtieisarexamplel,ettheostrduil o3 3Re PEAPASDOGY Spdins Gount er connect s

840 - 810 fof %&ﬁat&pm@emt ?ﬁ&gré&%xec\é 3908590, 8§6la A/ 1dg anggl,gct rical
u

path to the ying netal |ayers 824 pacl tor 804" 1s defined

by pl ates SERLAHRF 3P d2fectPtRRA oq"’sﬁpG%'SdrFﬁpﬁ‘éYhYe)r%meé 824 and 826.
| nduct or 80Zmesalicdfayeas RBP0a 8P4 30&tandcBaRe 8TRewlattes ;aré sposed in

nmetal hgyer %iéﬂﬁf}t %&1@%&&' Infy Mx‘mpbinel ¥&MnéP, Fige 4A and 4B. Via
ct trace 840, while via

850 coupl es pne at e acitor_804 tqQ Intercopn

552 counl os SR TRIY JoveRR 898 ome edecB Shcoh B ARRR LR RCe 540, AS
can be seen, AtvizBYCouplesspogetherbliatels 820 ahdtIrA ciwhddiet . Conti nui ng,
]Ehe cr;)ss Se&ﬁé&l&l H\o\'ﬂae\wfzubbbsieﬂ\%@“et%férl Sﬁé@nmtaﬂd@@% SSQRéunm ng
end a7 of shraiac, sRERE AT et lashe@snat%i S etnd OB e a5a couples
trace 880 totlpaoﬂmctn‘i&c038891@he?1éf%mceﬁpreé%nds to terminal 812 of
the circuit. Conpleting tslneuq!assusmﬁa @halti eapscit&rﬁamia%naeqmt hat die

820 has a di rect conn 3%6 ghg%ﬁgpqheyug gcgss&f)g os_,ol g.gr bal |l 830

by way of pa , how thé ‘sénPconduct or
die can rece?)/ea%rd%ﬁfsekf‘eﬁ'-hal chrgmidiey C’fuﬁ'—hené%ﬂ\ﬁtoOIFlngt‘@%ﬁ anot her
circuit exanpaé.ofl theidi@liahdsbagos stie lextepnad pihs e(s@aer conpri sing 25

resi st 9l 902b§ cacﬂaq,l g%gggéakgﬁém r}ﬁq:lél %%ﬁnggglgﬁg éfr?eﬂ ve an external

si gnal , ®ohi | 8 ermnals are cou to circuitry on the
sem conduct o?cﬁ?lﬁ’lrﬁ%?"cws§h§elé§?o?n%lvkﬂsewnsﬁbﬂssé'éﬁ%’eﬁmd%{%re dite 920
nmounted to aisadesiredl tullprovaie Sdrnedtivdtiystor afl7/Intércbmzeaedn30 in

nmetal |ayer t Vi f .t t t aken frem
view line 97%34‘%‘;&?%&5%@2%% igg\ﬂ leeNl aflg(raeé:ggé%r%%%hs? coupled to a
trace 980, wRARBACItPYsGRNn Pecgipresed d’itfr?é-“pﬂ:gﬁel%ﬁrb?rc’%ﬁféé tor 904. The
ot her ploat e 2&87erd dhesumtraiteollds dicpasmthpile,3b6heeprdtd ayer 926. A via

pad SZBGPSSMEQ%%”%%?%}?"%’&“ OSSR IR e Bl P T
204 and 308 of 3. In fact, as will be made clear,
any passive devzce can be disposed in any of the metal
layers of the substrate. Finally, the connections to the
35 plates of the capacitor can be made in any of a number of
ways. Interconnect traces can be patterned to emanate
directly from the plates and vias can be used to couple

to interconnects in other metal layers. The specific



WO 00/ 54337 PCT/ US99/ 28626 -9 can be seen that pad 940 corresponds to the
circuit. Atrace 982 is coupled to capacitor 904. Vias 954 and 956 connect
946 respectively. As can be seen, pads 5 correspond to term nals 914 and
916 rest Fi padoazsyi @ 950 provides an el ectrical 944 (whi garmQdogaponds to
term nal 914) of resistor 970. term nale91o of plate 962 of to pads 942 and
942 and 946 pectively. pathway frompad to the other end These exenpl ary
circuits illustrate the variety 10 of passive circuitry that can be

i npl ement ed ¢ePRRStIVEaSEEUGFEFL (Wid lpdepend PP \RoW a1 tehwhatatkesever al

i nportant ady#és gL Belvicehes cesugleait i on of such passives as disclosed in
the foregoing. The reggt vgo‘yaé‘y gQC QA h)ldaplgl hj}ﬁg esaRanL,f requency of

resonators nade in this manner esi ave much | arger

val ues than PEBRNERE § QQéF?hb’r'?é’q"ft%oﬁQ?rﬁﬁ?%%P% une2 $BRi conductor die
proper. sThe swhddeatda20bft b idsyiatidane layprceld y It aukargendasea than

the die itsebie dianal %O%Hﬂeé@d @ 48 sREUSCGAled TRARLORZo AN

cor r espondi arger 0 capacitor an uctor values. In the case of
capaci tors, 'ﬁh% be sRimalois revpled £ trares4@essibl e the
fabrication ﬂénmd t.urplaat andephpiﬁg)m&ta‘[heay:eraénm&:mipltehetnapaﬁot ors,

| nductors angy resaalans cfihe dRAAbeAge DELRUP Hod B8 R8T af&éeri stics

of 25 ceram ¢ or as conpa a_Sem conduct or as wel |
as | arg8@r ne‘t’%ﬂ“’c"ﬁd’@éﬁ’o?‘g '{g {Jd'tﬁrt |°6‘ﬁanrrE’P%1ls‘?’sraéon§b‘ﬁBda since the
structures festrudinieadsi geseraklyatorer dedficoht ttwe fodmdcateahndager as for
the lng ercon?ﬁ&ténbédlﬁleﬂm yhéanifﬁr @1@% I&Ataﬁa dess 3R e?%&'ff‘la?.' S etghed
away i nce e cost o ese devi ces
s | ow e b senBest Eraene d20e DA ien o e Ro BPRYSLEBS: r ot e o

t he manner dmstﬂbsladremseaSeshwmem dhes $ighres ecor ity yanabeoembl e | C
packaghBg thate %éienretm !I. pvﬂ&é ag&%eiwetﬁéy cARyp@i ven die design
over existin %éfrgﬁc es. et CI rcw%s i n 1I ud% F re not
Vimited to BH I Fons At fetats dAYeEh I Srepingooho PEY s

PCT/ US99/ 2862@vice inltoi peecoynectead. I eads fromthe seniconductor substrate
to the by-pass capaci Rafepeingttd hqgﬁesnf he@h 5,e&_i,§,tnjp\1i3t ypehaterial to be
used in the SUPSLIAtGu cedt! 5009 d Llgher oflls U, SUPSILkecLoghali on. Two
or 5 nore in ors “can be con gured on a jace? ayers separat ed by

an i ns@Pat i v%llrsa"yérl"tréléFUvPﬁe‘“‘?ﬁﬁ]uaegﬁ‘GE}EF| P20 aP2 P £8fm a transformer.
Resonat or s calsgmsezDin AuEiPst usetyl Jagetrcand irﬁmdssua&alhemeso

(parti cul ar! dadie fuflec BSR4 01 Budial TnChEChid GrIRY! B! Al IPL e 0

such as ceramc E resonat or can band-pass filters,
band-rej ect FRIRERS 548s0R4t or 24 AnA/EAS BFef‘i‘h@ﬁ‘%ﬁﬁ‘ga‘o%FPP%t ors, and
radi o frequemeyaX Urayteronall doramged [parailel- tdi@actodither( iBMh appl | cati ons,
coupl i Bg ci r&fﬁaééﬁ’af%’lr%a} 5% ! @flakOof Ot efitx‘&lemgélt he nultiple
sem conduct or ce nounte t substrate. Turn now. t |0 for a

di scussi on ofePMNYS- océs?Fﬁg°§t\§‘p?§ PF2nfi eR2t FRMeRtsithes féﬁﬁtbe

i ncor por at edseqrienttsheos thet setendfsegnenEspinkend-tor=ndaifashion.

The result is a zig-zag configuration viewed from the top
as shown in Fig. 5A, giving the appearance of a helical

30 structure albeit a square helical structure. The end
segments 540 and 546 are coupled to interconnect traces
506 and 504 by way of vias 520 and 534. Alternatively,
traces 506 and 504 could be formed in the same metal
layer as end segments 540 and 546, which would obviate

35 the need for the vias. The particular structure used
will depend on where the connections to the passive
device will be made.



20 be seen, the sane steps are used for nmaking passives as for formng
mul tiple interconnect layers. First, a layer of insulative material is
formed, step 1010. At this point vies may be forned through the insulative
llayer and fljegMss# Provide a conductive path through to E,F.?/Ug%&lp 25
exterior surface of the insulative |ayef. so that electrical connections can
be made to the sem conductor die. Next, a layer of conductive materi al
(typically copper, gold, tungsten and related all oys are used) is deposited
over the insul ative | Speningtty Ria.2 6,0OtbeopeBeépestiveratiesr o€ are t hen

drawn to deftfhﬁaédl@suahenﬁanﬁcé&,a‘wr b2 BRbWE & WEfst PiaReledd. At the
sane tine ad 3 a'%t nstnn}aé/tatle drawn658 dg i ne_ the st u tures of

passi ve devi ai sposed i Laﬁ'efhe me aseecrondTﬁ’ Stternis
t hen subj ect@&R# tdiﬁnﬁ’s@@ch“ahds‘!}?'}%maésﬂ-éveﬁrﬁ%ss 'llh@ ne®dde t he unwant ed

metal , keavingydse di@sbbﬁdrﬂﬁédﬂwl&nduﬂatﬁﬁﬁ Réridhes22ext insul ative

lﬁZetherﬁf%‘E"d"&# 24 BeclBeg) anelg niarBRoth LRl GtEaRoRIRT) 1LY Lo
drilled in t%?‘ﬁﬁﬂ an \Yétl aythizd meatial dayert fl2et ffhe sidshi gt At step
1020, if addihé @ritdsader graatereniar vthecwitibp &,oro@gehagmstsps are repeated

until a Iamgg d s%tﬁt rr %@lbglgrtotq:%gsoﬁ g# %m St(@afoo%s"’trhe%dg 5 nounti ng

and securing a sem con he su case of BGA
attachd®nt ofitiplendy l?&lel 8ft Ehe h*é‘qmltaiqe&yéﬁosﬁ%tﬁ%&-e encapsul ati on of the
die. The foregoing prm@essrmgastam;ﬂreedﬁebhskmoméwddbeﬂaﬁepaﬁkagl ng

arts. Any of QH{H?E‘{{ e t tiL,ce the

pr esent mven’?cl on t E{woﬂ %ﬁ&%@%ébégﬁﬁ ugm\?\nalﬁﬁ g%pend on
factors suchshew rﬂat’@ﬁ%rug% RR9 Wpérﬁﬂ'—ﬁb Wﬁﬁ tIrode packagi ng
requi r enent ssmpfmhlc;tnzo@fc@ﬁtsela'eimb Sayet. 7140 00/ &M3R A ReT/clead/ 28626 - 12

clai a4 A 260 B ehafodRy! SRR 3iaiToeRbr | RS APBRAMsgONduct o di e

havi ng™Ci rcwtry erei‘)"b am nat ed subst rat e havi ng a
surface uponCihiRe ngarpgrated '%R]taed'a’“s‘&la&eguﬁ‘é?‘?%?%t%af\ﬂrn&cone or nore
met al | ayer spackhgere ior veryemuol utled isame ampansr 3aishalre dbeiveg ehsctrically

coupl ed 10 sgiGafagifih BReRknklnt AAP1IS thakdeiB! BhedAfiadiaving fir st

met al struct ures sald first_nmetal str bei ng. i nterconnects sai d
metal |ayers m%wfs E’aﬁﬁf‘&f"%s‘%‘isr ét 8§“e§ W axsemetes
struct @oes bdemse \assirf dheeckenicondudtor el ikgedfi d Itntiay connects to ot her

said int erCOEH@Péﬁoﬂé‘%&s%i%%dtée&M&H %wels.-evafﬁea 6aal; stes0f said
east a thir tructure, said third netal

metal |ayers havin

structure 205b’é‘ﬁ‘?\g&‘fr§a§s"i G‘Qrﬁe'ﬁ‘i’% t%aﬁﬁf“p&&QF%“H%?ﬁ%é’%’el%

el ectrical cpavkmge metad \vintercantectsriayendbdckerdtikan on-die metal
traces. Similarly, the resistances of the inductors’ and

25 capacitors’ metal can be lowered by this invention and
thus higher Q devices can be realized.

The discussion will now turn to typical
circuits that might be incorporated into the substrate of
an IC package. Figure 8 shows a tank circuit 800 used as

30 a resonator for oscillators such as VCO’s (voltage
controller oscillators), comprising a parallel
combination of an inductor 802 and a capacitor 804. The
tank circuit typically will be coupled to circuitry on
the semiconductor die by way of terminals 810 and 812 to

35 complete the oscillator circuit.

The cross-sectional view in Fig. 8 shows a
semiconductor die 820 mounted to a laminated substrate
822. Solder bumps 828 of the die are coupled to



2. The sem conductor device of claim1l wherein said one 25 or nore
insulative layers is an epoxy resin material. 3. The sem conductor device
of claim1l wherein said one or nore insulative |layers is a ceramc

materi al . 3QclosddIe sem conductor device of claim1l wherepdrogdodsdd@ssi ve
device is a capacitor, said capacitor 4sving a first plate disposed in a
first one of said one or nore netal |ayers and a second plate disposed in a
second one of said one or nore netal layers, said first and second 35

pl at es bei ngirtgraonnegtey8éfc- F1& fiorngAeatepr ngstnats 22Rve Y8Rrs. WO
00/ 54337 PCT699% 2542pro¥daé. an el extricatdpatiortalettiec anderdyyshgn 1 wherein
sai d passiVenlial) GRveteadPaf (P, SCaBabILBE 40 (PHATIALAGY PIUrall Ly
of plates, each of ard plates disposed_In i se arg}e one_of said one or
nore metal |RlA%eS 859 gngd Bp2xesmastiyed¥, 818R05SA AN HEALi hA¥REDver | appi ng
nmanner, s0dd sa2urbeied26nes Induston gii2atiesdbeinegd ahyect rspdxhlly coupl ed
Eoge: Eer, %&%&J&ﬁ?}%’ %@}poaﬁgcﬂIiéﬁdﬁp@s@helinbfém ?la%f‘atrr seally SOUD| ed

oget her. . e sem,conductor device of c¢laim erei.n,sai d passive
device is ar9FepkR% & "’égi §or nwtbﬁsbggﬁﬁnal?rg%%ﬁ?'i \(,:xtgsﬁpflaf‘gst ructure
di sposed i n vie 850 sSwuplencone piate wft ghphajees.804 td, The seni conduct or

devi ce of cl '&kamgc%i Rradk Jg 435 SiniQ ed9Y b CE52 Scalpididhkobutpi d i nduct or
conprising a first p ural.ltﬁ of se‘g}r{rents dgsposed in a first one of said
one or Hore #RYA73 SFePPIEAY FETHFE §170r 5P B32TR &%neAfsCBPsPdsed in a

second one ofeem) trave 64Onverrééporssaitermynal;8Ldiaf fthescimaditecond ones
o 0o, O e TR a8 U hapagat ey, e shosibd e
ot el 1111 oqeout T dareF ErRSE diaon g Hear Bre P i maace B Cat o” sccond
segments. 25tige cRpaci&erctadacyibr &GRS, whdcbf cenaeeks tethdhe AnpAe passive
?evi ;:e 1S af éﬁi?ﬂﬁo ﬁféﬂ s?akdlresﬂltiw&ﬁlre ha?i L ahéa i:ﬁ@&alpllatyreirdhgiwsed ijn_ a
(L1 0 OLyiR, LBl ULl o/ 0 9, Al el 1, O SPosed i 2
wi dt h di nensterefans eorrrgronds tn rermiaadi 842 orf sthel adecitstrip. 9. The
seni conduct ogomsVetihgOtnel aliBeSs¥ivai & Figi. ds 351t esnalediseencthges a second
R Y LA W
sai d p&8si vergerstiblies splfek) Brbl Baiky wayi of oPad)i Yfus&da A56nedf sai d
one or nore padat4d aianastibating Atow rihegisamédonductor demeansi ng:
receive or send external signals.
Turn now to Fig. 9 for another circuit example.
The circuit shown is a low pass filter 900, comprising
25 resistor 902 and capacitor 904. Terminals 914 and 916
receive an external signal, while terminals 910 and 912
are coupled to circuitry on the semiconductor die. The
cross-sectional view shows semiconductor die 920 mounted
to a laminated substrate 922. A resistor 970 is disposed
30 in metal layer 924. The cross-sectional view of the
resistor is taken from view line 970-970 shown in Fig.
7A. One end of resistor 970 is coupled to a trace 980,
which in turn is coupled to one plate 960 of capacitor
904. The other plate 962 of the capacitor is disposed in
35 metal layer 926.
A via 952 extends through the insulative
material of substrate 922 and contacts pad 940 to which
solder bump 928 of the semiconductor die is coupled. It



a sem conductor die having first circuitry disposed therein; a substrate
upon whi'ch said die is nounted, said substrate including alternating |ayers
of netal io interconnects and insulative material, said die having

el ectrical gewpeass ons to one or nore [ayers of netal intpaeppgdpsshs; and an
encapsul ati on di sposed about said die-and atop said substrate, thereby
providing a protective 15 encasing for said die; said substrate further
including external electrical contacts, said electrical contacts being in
electrical cean & sgenhtbakepad 240 EoXEeEPONAs cke diprainal 9aPdofubst r at e

further inclenk RireRaend ROtfade WY Y sCeblpled Ngo Gatd IRr efpa55| ve _
devi ces di spoged rogﬁnoryi'yéesﬁ aHdl gskangnﬁe&t. @@tpaaldé §t4 88?”9“31 sai d

circuit belng inelectr nuni cat sal ronic
devi ces in s34& nespectively. Th@l?ﬂ’b@%?éﬁnml’éﬁtgﬁ %daﬁrhsll further
i ncl udi Bg a canaxponaTiteondrminglalisad hiid Ihe resperwivedyci rcuit of claim

11 wherein SfiﬁLl UL ALl ¥8o 8% | s lah @ﬂeSQP%&a Eﬁ% £18m gQIS a

|ntegrated clrcul of clalm erein sald_ 1 nsu teria
cerani ¢ mat e?44l (which Fﬁ€rPﬁP eRds iy terminpl 34 bl%ﬁrﬁnﬁlqﬁﬁéFePﬁ said 35

second circuot resimtor BGD.CIFCUIt having a first pair of term nals coupled
to two of said extern e Qﬂ%@ a €%§%? al erm nal s
coupled to said sen1c§h u%tg%ééﬁfgrj: 83? ggy@s S9 g%fggt%S 16. The
i nt egr 3Ped cPf RAgSIYE (S’I%FH%EEHHE’%%“SQF&@EE%‘EP*& At is a tank
circuit inclackogiante wdtht the apesentaiavehtionsai Thérslare sewerahavi ng a

pair of term gl it Blavdntagsal ¢h Said %ﬁemeéf.ghe of Sulch pRBgilELEr Al ed

circuit of wherei n, one_of said external e ectri contacts is for
coupling to ﬁsﬁg%ﬁﬁ ERHAP EhE X PVRIond TRRr EBREE YR Sa (FoREr bypass
capaci t or colplantl tthes aiegopapt of regriehayxiofr nekondtersotadecdin tbasacts. 18.

The 'ntlggratﬁalnﬁéf qsuri vef dekayed lediRRl Bushi da wam.rsetmﬁsa&e devi ces
i ncl udes one o I ndug a aC|tor res ransforner. 15
19. A net hod® %Fm?éh*lﬂﬁﬂﬁ ﬁ&lﬁn ¥ ?IPBU#?eC%ﬁ&ﬁq%ﬂ EPﬁe steps of:
(a} fabricatdbe mxopﬁn-trﬂh@nsubstwntﬂnﬂdu¢hsrI§|E?Ckamﬂtkﬁpﬂyaﬂdwning a
plurality of h,p@ds ff¥ger area than the die itself, thus allowing for
larger physical dimensions and correspondingly larger
20 capacitor and inductor values. In the case of
capacitors, the presence of the multiple metal layers
makes possible the fabrication of multiplate capacitors.
The Q values of the capacitors, inductors and resonators
can be made higher because of the characteristics of
25 ceramic or epoxy as compared with a semiconductor
material, as well as larger metal conductors. No
additional metal is consumed, since the structures for
the passives are patterned from the same metal layer as
for the interconnects; the only difference is that less
30 metal is etched away. Since the metal is "free" in the
package, the cost of these devices is very low. The
incorporation of passives in the packaging substrate in
the manner disclosed creates a new class of electrically
tailorable IC packaging that can derive improved
35 performance for any given die design over existing
approaches.
Other typical circuits include, but are not
limited to: power supply bypass capacitors wherein



20 transraitting and receiving signals and for providing one or nore

vol tage potentials; (b) fabricating a substrate of insulative material,
including formng at | east one | ayer of conductive interconnects in said
substrate apgddoRuiyng at 25 | east one passive device withpprggishsat | east
one layer of conductive interconnectsi-106) mounting and securing said
sem conductor die upon said substrate; (d} making electrical connections

bet ween sai d 30 sem conductor die and said at | east one | ayer of conductive

i nt er connect Bu1EHRA e NY-PARSHdeafs cfrom She: SARLELRAIRE W SpbSrake
sen conduct oto dtite dyhpeasisd capat st p::mxpathevesdeaf deigh35 20. The net hod

of claim 19 tatkBRal 8 |ggzlulg$gs 1hOkRL uctive via between
cai d devi co oGLethvEl datbelal to 00 40350 petTT R c626 - 16 21, The

met hod of cl 5?%11’91%&’\9NQQSdeéTd’reeéé‘tbs&Hétﬁa SPIAE 4R c8VPSOR capaci tor.
22. Thesrret hmdré)flmdxmturkgcahebelmm@mu baaadjarentS matadi 1aydesice i S an

i nduct or. é;ieai?d ty}dagf iﬁL %ﬁﬂ@e §r A=Y Eosgi-gvﬂie Wfa jone passive

dev'ce is a resonat or . of clalm 19 erein said at | east

one passi ve B8P ‘-f?’ﬁ‘ F&‘FSFBF'.“ ?§raﬁ?§°ﬁﬂgﬁod Resations Sahkeei n sai d
at | east onecpastruwetedtwnsiagi shartenss ftramsnissid® Hes1337 r ~ ~, ~

PCT/ USO9/ 286 26 AMENGHRIG AlBul 56 VAl o' Hiegh N éritiaRal Bureau on 11
y 2000 (11 cl ai s ﬁm;inded ot her cl ains

unchan&gd (5”;33‘@43%%1]"91’13 e§éﬁ?‘c5’ﬁ‘6’bcﬂsorded'€9‘r182 co :ﬁtb’r YRS ©%t | east one
seni conduct oregoratrwiaan der vaedr o hfanﬁmdsahélbws,amr@-md'ﬁqat ed

substrate haﬂngelas SWdsRmatBPaNs¥d | wdbss drd rde8-LeniINY idddi 19akdrsubst rate
having one of, d:{mtfareque & Se N Q1 10k ulRhS. | P hahide h3yers: said
module (MCM) applications, coupling circuitry can be
15 implemented to couple together the multiple semiconductor
dice mounted on the substrate.

Turn now to Fig. 10 for a discussion of the
processing steps by which the passives can be
incorporated into the substrate of an IC package. As can

20 be seen, the same steps are used for making passives as
for forming multiple interconnect layers. First, a layer
of insulative material is formed, step 1010. At this
point vias may be formed through the insulative layer and
filled to provide a conductive path through to the bottom

25 exterior surface of the insulative layer so that
electrical connections can be made to the semiconductor
die. Next, a layer of conductive material (typically
copper, gold, tungsten and related alloys are used) is
deposited over the insulative layer, step 1012. One or

30 more patterns are then drawn to define the interconnects
for the metal layer, step 1014. At the same time
additional patterns may be drawn to define the structures
of passive devices that are to disposed in the metal
layer. The pattern is then subjected to an etch and

35 photoresist process to remove the unwanted metal, leaving
the desired patterns. 1In step 1016, the next insulative
layer is formed atop the metal layer. In order to
provide connectivity to the underlying metal layer, vias



die being electrically coupled to sone of said netal 10 |ayers, said
metal layers including a plurality of intel-connects and a plurality of
vias for electrically coupling said interconnects to other said
I Nt er connecyd oivsddsi 0 sai d sem conductor die; and a paSSIVQCﬂﬁ%b§§ZEU||y
constructed fromsaid 15 i nterconnectsg thin said substrate an %eing in
el ectrical comunication with said sem conductor die. 2. The sem conduct or
device of claim 1l wherein said one 20 or nore insulative |layers is an epoxy
resin nat er Mt Be drblliediiinpthecinpuliptive ven ans fihked avithsai d one or
nore i nsul awetall, agees icie cwtaatepnnom; alf addi4iohh® smwm&&t or
device of cleed vhER ik %Aggiﬁg S8 ApeLlPaELPla 521 O

capaci tor havi ose sald one or more
30 netal IaQQPénaﬁGda?SERﬁﬁﬂ¥ebl&tBraﬁgﬁﬁéed q#?%f“é@@oﬁaeaﬁelQﬁlgﬁﬂ(j one or
nore neg al mopatingsand decwtingnd sembeonuciars die ng shparat ed by one of
sai d one or Jie bRl ahh V6 eRECEase38e Sacd L RIGARTUE! Qo1 dlgyi ce of claim

1 wherein sald_passive device Is a capacit capaC| Oor conprising a
plurality ofalls &e, t’é%cWPJc?llaé'stsﬂP F‘é%t%hwlrﬂ ign ofy¥h®1354337 18
PCT/ 1 S99/ 2&&%6 sehar eoeeguing proaedsing steperaremwedll kaywisinsai d pl ates

bei ng verti "xcagf,sieg i StV CRhgPBE g .:?m&homgcﬂ Hihesgchanes of
sai d plates eln ectfi cal coupl ed to&et er, even nu ed ones of said
pl at esthei ngveid B&Fr?%aﬂ"f%}’tc't‘ﬁfpﬂ:ég PEgEeME invention. sefMeonduct or devi ce

of claim 1l wedeethosacfl mms Jivendéechnigee ol ilndlepend, opafactockict or bei ng

a 10 netal | 's‘acaphsa{uaééfwwr&e@l SEQ§§£|eano;9é}9a19fn93%'oﬂdQ€§o§£ mor e met al
| ~:yers. 7. Tgﬁasenlcon uct or claiml erei.n sald 15 passive

devi ce i s aPacfagersr FeLeEn ct8F°§8ﬁﬁ+?%|?ﬂfF§'fPPQtSBIﬁ?aI|ty of
segnents disposed in a first one of said one or nore netal |ayers and a
second plurality of segnents disposed in a second one of said one or nore
netal |ayers; said first and second ones of said one or 20 nore netal

| ayers being separated by one of said one or nore insulative |ayers; said
i nductor further conprising a plurality of netal-filled vias electrically
coupling said first segnents to said second segnents. 25 8. The

sem conductor device of claim1l wherein the



passive device is a resonator; said resonator having a first plate disposed
in a first one of said one or nore netal |ayers and a netal strip di sposed
in a second one 30 of said one or nore netal layers; said first plate

havi ng a wi dtdoodiazensi on greater than a width di nensi on obcresszees al

strip. 35 9. The sem conduct or devi ce-ag-cl ai m 8 wherein said resonator

I ncl udes a second plate disposed in a third one of said one or nore netal

| ayers. WO 001 54337 PGI/ US99/ 28626 -20 10. The sem conductor device of
claim 1 wherein said passive device F&33®Fesistor, said resistor disposed
in one of said one or nore netal layers. 5 11. An integrated circuit

conprising: g serf iddeh@hctbe d@Mided chbmpsisfhagcuitry disposed therein; a
substrate upon which %%Lg dig i s mounted, 1 sq*ﬁ gybstrate I n¢)] udi ng
alternating |ayers of 8PST OR§ ASTHEOPIuGHYT | A% NAYARg FAFSPEEY said die

havi ng &l ect foxned didvexeoni;oandt o one or nore |ayers of netal interconnects,
a second circuit inclydhggifR€ed suBytEaReShaYEnd 2 dRIMGRe hgbhy constructed

from one or re |ay, .of .metal infercqonnects _wthin said substrate) said
second cir cuﬁwi‘)l%éﬁ?é%r §1§| éﬁt?‘?‘é’é‘?e‘%’orﬁﬁ | BAPSHRAGE MRVERYIOPEISY circuit of
sai d die; anuors metedpdavarsoand|i o oxrd nabeuinsylatitte: layerso sabp said
substrate, thes abyiny @iedthical Iy Wdipledet8Nsane NSF fgdidS dettadi €; said
substrgée fu trmnsjncluding external electrical contacts, said electrica
contacts bei ¥ Tt %l ectrical contact wi th sonme of said netal interconnects.
25 12. The int egr at ed s@iificmptabilayensmhavingr fhest inal¥aldi ng a second

sem conduct ogtfliccurds,13aidheitdt agiraledteuctutés Beidlggi m 11 wherein said
i nsul ative natgggégnéf +3N epoxy resin. 35 14. The integrated circuit of

claim 11 whet&I T sal'd indul ative material is a ceramc material. VO
00l 54337 said metal layers having second metal

15 structures, said second metal structures being vias for
electrically coupling said interconnects to other said
interconnects and to said semiconductor die;

at least one of said metal layers having at
least a third metal structure, said third metal structure

20 being a passive device;

said passive device being in electrical
communication with said semiconductor die.

2. The semiconductor device of claim 1 wherein said one
25 or more insulative layers is an epoxy resin material.

3. The semiconductor device of claim 1 wherein said one
or more insulative layers is a ceramic material.

30 4. The semiconductor device of claim 1 wherein said
passive device is a capacitor, said capacitor having a
first plate disposed in a first one of said one or more
metal layers and a second plate disposed in a second one
of said one or more metal layers, said first and second

35 plates being separated by one of said one or more
insulative layers.



-21 PCT/ CTS99/ 28626 15. The integrated circuit of claim 11l wherein said
second circuit is a filter circuit having a first pair of term nals coupled
to two of said external electrical contacts and a second pair of termnals
coupl ed to waedsppapem conductor die. 16. The integrated CipggpkdongéreC! ai m 11
wherein said second circuit is a tank-ggtcuit including an inductor 10 and
a capacitor, said tank circuit having a pair of termnals coupled to said
sem _cnnductor die. 17. The integrated circuit of claimil wherein one of
15 sai d ext e¥nal Teesemicgnduegtendeyice psrciaiml 1 rhexein soddr supply and

sai d second gaddivd devibedes a QapwritoyasaiaapapadDior Uumipedsingsai d one
of said extef ;-?iureéﬂ Vo aél&@@é,acéasch oF lsgid.TQi’awé ec?f fedaclipeyit of
claim 11 wherei’n said-one or nore passive deviCes_Incl'udes oné of an

i nductor) a feRARAteONeyOfe8akd (pne Ax MeTrer BALALr kaverss sadd A et hod of
fabricabi ng prated aginigedeeticaily cinedi 4g aheovéreppiing mahnkabri cating
cireultry on,gy %‘%IHAD%%%U%QE Qk%aifgﬂ‘l‘ Q%L%g‘ Q:Eled,?upi'dérﬁy ty of pads for
30 transmitting and recel ving signa And f o providi ig one~or nore voltage
potenti al s; ¢eNP¥athrHogstnRy  aevemdstunhexress opasuPht $34d mkadesakeingc| udi ng
form ng at | epsdtimallyyebupledotsustiiere i nt erconnects in said substrate
and formng at 35 | east one passive device fully within said substrate from
said at | east one layer of conductive interconnects; (c) nounting and
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15 7. The semiconductor device of claim 1 wherein said
passive device is an inductor; said inductor comprising a
first plurality of segments disposed in a first one of
said one or more metal layers and a second plurality of
segments disposed in a second one of said one or more

20 metal layers; said first and second ones of said one or
more metal layers being separated by one of said one or
more insulative layers; said inductor further comprising
a plurality of metal-filled vias electrically coupling
said first segments to said second segments.

25
8. The semiconductor device of claim 1 wherein the
passive device is a resonator; said resonator having a
first plate disposed in a first one of said one or more
metal layers and a metal strip disposed in a second one

30 of said one or more metal layers; said first plate having
a width dimension greater than a width dimension of said
metal strip.

9. The semiconductor device of claim 8 wherein said
35 resonator includes a second plate disposed in a third one
of said one or more metal layers.
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electrlc contacts, sald electrical contacts being in

electrical contact with some of said metal interconnects;
said substrate further including second
20 circuitry comprising one or more passive devices disposed
in one or more of said layers of metal interconnects,
said circuit being in electrical communication with one

of said electronic devices in said die.

25 12. The integrated circuit of claim 11 further including
a second semiconductor die.

13. The integrated circuit of claim 11 wherein said
insulative material is an epoxy resin.

30
14. The integrated circuit of claim 11 wherein said
insulative material is a ceramic material.
15. The integrated circuit of claim 11 wherein said

35 second circuit is a filter circuit having a first pair of

terminals coupled to two of said external electrical
contacts and a second pair of terminals coupled to said

semiconductor die.
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16. The integrated circuit of claim 11 wherein said
second circuit is a tank circuit including an inductor
and a capacitor, said tank circuit having a pair of
terminals coupled to said semiconductor die.

17. The integrated circuit of claim 11 wherein one of
said external electrical contacts is for coupling to a
power supply and said second circuit includes a power

bypass capacitor coupled to said one of said external

electrical contacts.

18. The integrated circuit of claim 11 wherein said one
or more passive devices includes one of an inductor, a
capacitor, a resistor, and a transformer.

19. A method of fabricating an integrated circuit
comprising the steps of:

(a) fabricating circuitry on a semiconductor
die, including forming a plurality of pads for
transmitting and receiving signals and for providing one
or more voltage potentials;

(b) fabricating a substrate of insulative
material, including forming at least one layer of
conductive interconnects in said substrate and forming at
least one passive device within said at least one layer
of conductive interconnects;

(c) mounting and securing said semiconductor
die upon said substrate;

(d) making electrical connections between said
semiconductor die and said at least one layer of
conductive interconnects; and

(e) making electrical connections between said
semiconductor die and said at least one passive device.

20. The method of claim 19 wherein said step (e)
includes forming a conductive via between said device and
one of said pads.
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at least one semiconductor die having circuitry
5 formed thereon; and
a laminated substrate having a surface upon
which said die is mounted, said substrate having one or
more metal layers and one or more insulative layers, said
- die being electrically coupled to some of said metal
10 layers, said metal layers including a plurality of
interconnects and a plurality of vias for electrically
coupling said interconnects to other said interconnects
and to said semiconductor die; and
a passive device fully constructed from said
15 interconnects within said substrate and being in
electrical communication with said semiconducter die.

2. The semiconductor device of claim 1 wherein said one
20 or more insulative layers is an epoxy resin material.

3. The semiconductor device of claim 1 wherein said one
or more insulative layers is a ceramic material.
25

4. The semiconductor device of claim 1 wherein said
passive device is a capacitor, said capacitor having a
first plate disposed in a first one of said one or more

30 metal layers and a second plate disposed in a second one
of said one or more metal layers, said first and second
plates being separated by one of said one or more
insulative layers.

35
5. The semiconductor device of claim 1 wherein said
passive device is a capacitor, said capacitor comprising
a plurality of plates, each o0f said plates disposed in a
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6. The semiconductor device of claim 1 wherein said

passive device is an inductor, said inductor being a

10 metallic spiral structure disposed in one of sald one or
more metal layers.

7. The semiconductor device of claim 1 wherein said

15 passive device is an inductor; said inductor comprising a
first plurality of segments disposed in a first one of
said one or more metal layers and a second plurality of
segments disposed in a second one of said one or more
metal layers; said first and second ones of said one or

20 more metal layers being separated by one of said one or
more insulative layers; said inductor further comprising
a plurality of metal-filled vias electrically coupling
said first segments to said second segments.

25
8. The semiconductor device of claim 1 wherein the
passive device is a resonator; said resonator having a
first plate disposed in a first one of said one or more
metal layers and a metal strip disposed in a second one
30 of said one or more metal layers; said first plate having
a width dimension greater than a width dimension of said

metal strip.

35 9. The semiconductor device of claim 8 wherein said
resonator includes a second plate disposed in a third one
of said one or more metal layers.
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'Q interconnects and insulative material, said die having
electrical connections to one or more layers of metal
interconnects,
a second circuit including one or more passive
15 devices fully constructed from one or more layers of
metal interconnects within said substrate, said second
circuit being in electrical communication with said first
circuit of said die; and
an encapsulation disposed about said die and
20 atop said substrate, thereby providing a protective
encasing for said die;
said substrate further including external
electrical contacts, said electrical contacts being in
electrical contact with some of said metal interconnects.

25
12. The integrated circuit of claim 11 further including
a second semiconductor die.

30
13. The integrated circuit of claim 11 wherein said
insulative material is an epoxy resin.

35 14. The integrated circuit of claim 11 wherein said

insulative material is a ceramic material.
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16. The integrated circuit of claim 11 wherein said
second circuit is a tank circuit including an inductor
10 and a capacitor, said tank circuit having a pair of

terminals coupled to said semiconductor die.

17. The integrated circuit of claim 11 wherein one of

15 said external electrical contacts is for coupling to a
power supply and said second circuit includes a power
bypass capacitor coupled to said one of said external
electrical contacts.

20
18. The integrated circuit of claim 11 wherein said one
or more passive devices includes one of an inductor, a
capacitor, a resistor, and a transformer.

25
19. A method of fabricating an integrated circuit
comprising the steps of:

(a) fabricating circuitry on a semiconductor
die, including forming a plurality of pads for

30 transmitting and receiving signals and for providing one
or more voltage potentials;

(b) fabricating a substrate of insulative
material, including forming at least one layer of
conductive interconnects in said substrate and forming at

35 least one passive device fully within said substrate from

said at least one layer of conductive interconnects;
(c) mounting and securing said semiconductor
die upon said substrate;
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(d) making electrical connections between said
semiconductor die and said at least one layer of
conductive interconnects; and

(e) making electrical connections between said
semiconductor die and said at least one passive device.

20. The method of claim 19 wherein said step (e)
includes forming a conductive via between said device and
one of said pads.

21. The method of claim 19 wherein said at least one
passive device is a capacitor.

22. The method of claim 19 wherein said at least one
passive device is an inductor.

23. The method of claim 19 wherein said at least one
passive device is a resonator.

24. The method of claim 19 wherein said at least one
passive device is a resistor.

25, The method of claim 19 wherein said at least one
passive device is a transformer.
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STATEMENT UNDER ARTICLE 19(1)

Applicant is amending independent claims 1, 11 and 19
to point out that the passive devices in the semiconductor device
are formed strictly from the package metal interconnect layers
completely within the substrate on which the semiconductor die is
mounted. By fabricating the passive devices strictly from the
package metal interconnect layers, the resistance of the metal,
which greatly affects the Q factor of the passive components, is
much reduced, compared to the resistance of the on-chip metal.

The amended claims are now distinguished from the cited
Bertin et al. reference which discloses an integrated high-
performance decoupling, formed on a semiconductor chip, using the
substrate of the chip itself in conjunction with a metallic
deposit formed on the presently unused chip back surface. Thus,
the Bertin et al. device provides one half of the passive device,
i.e., one plate of the capacitor, on the backside of the chip and
the other half of the passive device, i.e., the second plate of
the capacitor, on the chip substrate. The amended claims of the
present invention now state that the passive device is formed
fully within the chip substrate.



