; e3eqygqvbbcDdX4e$962gTgQ R ~l ~r 2 0 JUN 2002 i Integrated Circuit aﬁ@&
Met hod of Using Porous Silicon to Achieve Conponent |solation i rhdﬁzaeg“f
Frequency Applications TECHNI CAL FlI ELD The present invention rel 002
general to inproved integrated circuit _devices and nore particularly to an
i nproved integrated circuit which prov#de | ow-1 0oss and | ow crosstal k

passi ve conponent i rinéegratado@irawid and MethiodhifdJsing P&emlis@ileanguency

| nt egr at ed G rcubtgchiEV CotpaRBhd Bakatiehta Radio Préduehcy ANpliBors BACKGROUND
OF THE | NVENTI ON The background is described in connection with an inproved
substrate suitable for,RFIC applications. It should be understood, however,
“that the principles disclosed myYEapNICAIOFEEMDder array of applications
where substrate-related | osses are a concern. ITnductors are essenti al

. el enments of i 0 _Fr ncy: (RE). circuit The . f i - st age
i npedance m??ﬁ%‘enﬁl{és%nﬁﬁf‘éeﬁﬁﬂé,re%tﬁﬁlmd%% 19 HBP%F %@%@&gﬁﬁﬁg Fie{t%*%(re ?nce
mat ching plays a critical role in RF circuit design. For exanple, |ow noise

anpl i fi ermorgspatcMadFEPsaminpivey integuatddneigeus mﬁa pravide fawnless ang lovwer

t he i nput inpedance and inprove the receiver noise figure. Inductors are

comonl y dt6&tulk Pakivdcéifordnp iite@alo® dh@id switab-farwlio F@juehé e Intefrated
i nprove the power gain and power added efficiency. |Inpedance nmatching woul d

be nore ekf i N rrs were brought closer to the active devices,
nmotivatin lr@@%é@%?r@n#gggﬁ%ﬁ?‘chi p matching for RF integrated circuits.

Several forms of inductors are used with RF circuits. Ar coil inductors
are commonly used at operating frequencies of less that 1 GHz. Al though air
coil inductors are sinple to design and fabricate, their three-di nensional

structure nmakes themunsuitable for integration on ei tmm, ? uct or
chips or fiber-glass circuit boards. Mreover, air coi Mlmmm nmust be
assenbled in conjunction with other packaged conponents OB Ge ! T it board.

L
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Transm ssion |line inductors becone practical in size above 10 GHz. Their
.sinple structure makes themreadily integratable on glass fiber circuit
boards or sem conductor substrates if the latter also have hi érﬂ Judli 280%/i ty
greater than 1000 ohmcm 2 0 JUN 2002 3 Cellul ar phones and w rel ess
"LANs operating in the 1 to 6Giz range have created new chal |l enges for

i nductor design. Neither aircoil nor transm ssion |line inductors are

suitable for cellular phonBATRGRCWNDOF TEIRIEENTIONei r | arge si ze.
Spiral inductors have now beconme a focus for technology devel opment due to

their small si L i i j ] j i o1l
-to 6 GHz on- chizlglc?%gg}}gb ?d%%ﬁ%bﬁgﬁscgﬁé%tﬁﬁe%ﬂ?ﬁé\mzrilg\eoa‘}ﬁge&%?@ %hbsl?nl‘lhc %n
CMOS has pronpted the use of BICMOS and CMOS for RFIC design. |In such

appl i cat i éeREHewepHeationgw [t avald beaunderstand; ipwovarnthah ths pyreiples disclosed
insignificant role in digital circuits presents major pm-biens for RFIC

desi gner s madyoippeX@PwRier aRhy af appliReGsH R whdrb @ tratead]atid 186dek MredNcdrdrerl CMOS
or CMOS substrates normal |y showed | ow Q because the inductors nust absorb

substanti al sulstrate | osses.. a resultovarious sili substrate

t echnol ogi es htat{}‘iu %ﬁ%ﬁéﬁﬁ“ﬁ@@g?ﬁlcggl 9/I1e }t{ﬁ‘ﬁg I%?%p%(ﬁ?gﬂrgu S‘bzllthﬁ% ¥Psts
the prior art silicon substrate technol ogi es which have been explored to
dat e. Techa¢deddSpintereyamimprdsntagmarhisigl gnd dghenpdiag of AC/DC signals.

Mot or ol aUnconventional 1C Substratesd ass refill MCOMLimted to passive

conponent $ifpbd 408 nectiAP plys ePeritRal kéle N RMBirdift d&am. PFOCEae@sEolow fibide
coat i ngHughes SansungRequire > 10 pmthick polyimdeAir isolationUCLANot

conpat i bl I .0C L ti-leyvel tal 1l BM Nati.gnal T .address
substrate %’glg e’%alg{"gg ﬁégf%; nﬂﬂlﬁ Bgﬁg}%gcq%égﬁﬁ%eggl B%ts tEgB%%ﬁ'i’%E Hlp?gOZ 4
Anong these silicon substrate technol ogi es, other than the IBMmlti-I|evel
netal i ndifepetanag pad Hoprove deregtivehnoise fautse ladunters drd evmmenly tsedeindtath con
wafer fab facility. Furthernore, the |BM approach addresses the inductor
netal | osshdinputi@id dutputofIat pe6r diRsisfierSBKinittold thépomiet @Rintardosovidr! ddded
designs. Porous Silicon is well known to those of skill in the art as a

mat eri al

Méo@en@&ghkmpcdance matching would be more effective if inductors were brought
closer to the active devices, motivating development of on-chip matching for RF
integrated circuits.

Several forms of inductors are used with RF circuits. Air coil inductors are
commonly used at operating frequencies of less that 1 GHz. Although air coil inductors
are simple to design and fabricate, their three-dimensional structure makes them
unsuitable for integration on either semiconductor chips or fiber-glass circuit boards.
Moreover, air coil inductors must be assembled in conjunction with other packaged
components on a circuit board.

Transmission line inductors become practical in size above 10 GHz. Their simple
structure makes them readily integratable on glass fiber circuit boards or semiconductor

substrates if the latter also have high resistivity greater than 1000 ohm-cm.



resistivity and performance characteristics close to GaAs. The devel opnent
. of porous silicon, however, has been largely limted to silicon |ight
-emtting diodes. It was also tried for device.isolation in hic/UN hggpor ous
silicon was used as an internmedi ate pgocess step to create buried oxide

"~ layers. Porous silicon is forned by anodization of silicon producing an

mat . The. pr Gelter paorEa R wieehise ANy Cheringiia e KORORz FFER e Sheti e
formed within 15 m nutes on wafers of any diameter. Masks can be used to

limt thendwrchalidngas 6r induaos design. c deither siedodicnerdramsmisionf lindhimdwafoes arel t i s
. even possible to growrelatively high quality epitaxial silicon over porous

silicon. (o] us
21} Son oSl B BT SpbRagbhe il oeTR il s ADLEhLPERS
"~ Theoretical Study of the Formation and Mcrostr ucé}gre of Por oucf Sili con
J. Crystallo ewme adogusofs egimologyaievalopmenadus Bplber sealletizgand their two-
"Sub- M croneter Lum nescent Porous Silicon Structures Using

Li t hogr apdinakibyalfdzsigarwideh SwogipatibRIo 1 td16i GHSohicHipHintegraitionol . 25S (1999),

329; M Lee) et al., "Uilizati on of GaAs Masking Layers for Formation of

Pat t erned Poro

Silicon RFICs #ﬁﬂg % Qf?lme j‘ﬁ }/%nclen esgurbg{l%’{%ﬁ igfrdnsfs hgsfpgo]rﬁ?tg%nthgr%gqui con
mul ti chi p.nodul es have been develo ed to inprove the footprint, cost, and

per f or rarBEMOp andy CMO3 ofer RFIEY d%ﬁ@el iy isueh gmitrétlae%uhgwevqmépw bstrateat i on

to cellul ar phones were hanpered, until the present invention, by RF

i sol ati onregistpeityy whivhnglayedndn indigadficiht edle i digieisireuits predebs @a}wr]ﬁ}b!blems
probl ens. O her devel opnents have shown that high-Q inductors can be

fabri cat r tinme,
power arrpekfj @e@ggﬁg{?&s ess’élat%?(:D s@ qmdﬁzﬁt{)%:sm pg?al{ Qﬁéx%fcg Z’Hgt#‘g?%gﬁé@gg’gi gn
have sho ooug gerformance inthe 1-2 ange. The inventjon provides a
met hod tﬁ@ﬁ%ai gennemely dewedilowtQ bawsww mégqtee.mvwbm SHpsiptialy ¢ he
same silicon wafer, thus solving the RF isolation and RF/ DC groundi ng

probl enms suhatatdnmssdsarrpered RFI C devel opnent . 2 0 ~ uN zooz 6 SUWARY OF
THE | NVENTI ON

As a result various silicon substrate technologies have been examined to solve this

problem. Table 1 below lists the prior art silicon substrate technologies which have been

explored to date.

Technique Sources Comments

High-R Silicon Westinghouse | Unconventional IC Substrates
Motorola

Glass refill M-COM Limited to passive components

Silicon on sapphire Peregrine Not mainstream processes

Polyimide coating Hughes Require > 10 pm thick polyimide
Samsung

Air isolation UCLA Not compatible to IC processes

Multi-level metal IBM, National | Does not address substrate loss
TI

Table 1: Prior Art Substrate Technologies



. silicon in the su

The invention provides the reduction of silicon substrate | osses by the
.insertion of a thick ( 100 un) high resistivity (> 1000 ohggﬁﬂa ﬁﬁf%us
-silicon |ayer between passive conponents such as inductors M 0dul k
silicon wafer. Porous silicon exhibits high resistivity greater than 1000
" ohmcm and, as such, its use is ideal 4hen integrated with low resistivity
silicon for good isolation of passive RF conponents. A low resistivity
silicon not her BbapRe theshgilicor subsiratectechnelpginsy olier thianiteo lBManuli-levebmetal vi a
free DCrRF grounding platformelimnating some of the high costs processes
associ at e%dﬂctd?&bgﬂfacl%rﬁon%fhﬁéxﬂ%h%e%RE?tﬁ@?or MRireEYA4 G wafer Yab @&iﬁ ous

strate is increased C performance approachi ng that of
GaAs integrated cirgcui Anot her ;advantage ,i s tha ue to its thick high
Fosi st vi FyRhEmcre. it abRs pR0ser padeseuir it frial 1ob natdhe Subberle Pon
permts the integration of all passive RF conponents on a single chip.

Still anoldseymakingiftumgeitible ford®Id€sdedigns.oduct i on yield as the silicon IC
conponents can be assenbl ed on the notherboard directly w thout the _
concerns of L NPoRIR SIRERPRSAN kilbwh! B EREST sl REHSSEMad B NG ATDRAIRAN" | S
an inproved integrated circuit platformwth low [ oss an OW- Cr osst

characteristi.cs which permits the integration of RF_pagsiye conponents such
as i nduct GFEJLY ﬁﬂélpﬁ'ﬁgn%m thagacienisties clagg tGads: rgg‘i ‘Fl‘ée\{‘?i%m%r(tflﬁor@ﬁlﬁ i con

are created on a layer of silicon substrate. Later, AC/DC term nals can be
added to silieortostavar, chas been dapelydithited (o Siliomt lightemitting tHivdes. Tomgaratsh t o
prior art fiber glass or ceramc circuit boards, the integrated circuit

pl at f or m @fedtBedii&SROtatibA HEWhi @ thk igﬁgr?'gislﬁéﬁ wak uQedJa.%#rNxﬁQ-ﬁédia{ef? Bhdcgsfnd

| ow i n manufacturing costs since It e sane silicon wa

fabricat irgn [aci | i i’ﬁ’aﬁ& n .an?t her enbodi ment, a porous silicon | ayer of

creat ed OUER WCIERP| XIBE PS5t for formation of an RF CMOS chip where a
thick layer of locally placed porous silicon is forned after all active
CMOS devi ces aPerofisisilicomtie forniedi lsy emalidation lof\siltconproditcing at aimtércamncotedof RF
i sol ated passive conponents in a conventional CMOS fabrication |ine.

Accor di Ngsitb0l 00 peh FRPakctu wiktiiea b @S eiybtal sSR nafik, Th@ﬁio@eshﬁsdﬂft@ﬁé?aﬂed an
integrated circuit notherboard conprising: a silicon substrate [ayer having

o UPPCT P08 O IV eSS BRI S a2
substantially planar with said upper surface of said silicon substrate and
conpr i seMaskseas deaisediip limitithe formmitiop of peroup sdicen 1te selectedhaneax of thedwafer.
It is even possible to grow relatively high quality epitaxial silicon. over porous silicon.
Prior art processes for the development and formation of porous silicon are plentiful and
include: IJ. Beale, et al., “An experimental and Theoretical Study of the Formation and
Microstructure of Porous Silicon,” J. Crystal Growth 73 (1985) 622-636; A.G.
Nassiopoulos, et al., “Sub-Micrometer Luminescent Porous Silicon Structures Using
Lithographically Patterned Substrates,” Thin Solid Films, vol. 255 (1995), 329; M. Lee,
et al., “Utilization of GaAs Masking Layers for Formation of Patterned Porous Silicon,”
Jpn. J. Appl. Phys., vol. 35 (1996), 3116.

Silicon RFICs in either monolithic integration forms or silicon-on-silicon

multichip modules have been developed to improve the footprint, cost, and performance



at | east one passive conponent device integrated into said porous silicon
regi on about said portion opposite said bottom surface of sapq)guyﬁﬁﬂﬁ
substrate | ayer. According to another aspect of the present | nventiofY:
there is provided an integrated circuit chip conprising: a silicon

" substrate | ayer having an upper surfabée and a bottom surface; a porous
silicon region occupying a portion of said silicon substrate |ayer, said
portion belirigcedlyiasirhane gPﬂlgﬂ-pThﬁaapwhqahosm cellwbasaphopes Weredanipersdi dntil thiecon
substrate; an epitaxial |ayer grown over said upper surface of said silicon
substrat e grajat irRetieOUS RIGssialich PaspScothpdrefNint @@tk prablets 4@ RRDEayer
- fornmed over said epitaxial |ayer and having a substantially planar upper

surf ace; . le gne ssive conponent device, inpteqgrated into sajd
_ upper sur ]?ggg%x?%?é é’g(?gc}et&s(i d@ﬁ\eﬁr‘lﬂef'g}?g&gi%gbasvﬁ Ry ﬁ‘aﬂbté‘fas‘&aﬁ*%feﬁ i bﬁi d
silicon substrate |ayer. O her aspects and advantages of the invention
i ncl udi ng fabricatgse on fgreaterriaontiilavhmasn stiléconnsidssatond Ihythe osamtisie, Ijosddci n
the art by reference to follow ng detail ed description taken in conjunction

with the a@gMIRAWLIRE 1E BYNNTOL ohm=R it & gfouRi dFleshinHRER HE
DRAW NGS I n the dréwgngs: Fi gu[r 8hT Ca{gips@gb%%gng%i ew ofesa typi éig{)@té%%oa-

square spir i nduct bri.cat ed a silicon sybstrate accordi t.Q prior
art et nodetopngiEan the { 2°GHE Toage. dhelndmuiontanider s pattad cirets Rikhorieh
shown in figure la; Figure 2 is a chart showi ng the RF | oss vs. frequency
det er m nedesigtiviy arsbloan sasistivityianatedaleonl tha same sitlidopawvefdr, shusssdlvingrthe RF
substrates of various resistivity; Figure 3 shows a transm ssion |ine
struct ur e jsiflatidized REDUAoRAERE pESHIYAL HAY Rashbiidréd REIC Edvdidpieht.| S
schemati c di agram of a anodi zation cell for form ng porous silicon |ayers;
Figures Sa and Sb are cross sectional views of substrates using porous
silicon according to the invention; Figure 6 is a cross sectional view of
an integrated circuit chip with on-chip



passi ve conponent according to one enmbodiment; Figure 7a is a cross
.sectional view of an RF Integrated Circuit notherboard with a regi on of
-porous silicon according to one enbodiment; Figure 7b is a 2oggn @ﬁzl onal

view of an"RF chip illustration conponent integration with porous i con
" according to one enbodinent; and Figurg 7c is a cross sectional view of an
‘RF chip illustration corrponent integration with porous silicon according to
yet anot her enbodi nent. Cor SEBYNARNOMTHE RYCENRI@Ne figures refer to
correspondi ng parts unl ess ot herw se indicat ed. 2 0J Utd 200z 9
DETAI LED DESCRIFRE isbéoffon brbyiBEFHE e BER NS k9 ks By thedfgkrioophow
the plan view and the cross section views, respecti veI y of" a typical 4.5

turn square,s duc . d on a SI|I ubs rate 12.

i Sauare 01 ob e SO ORI E Aol B PHRE LR bl

and Qfactor. In the absence of magnetic materials, the value L of a square
spiral i ndamponertd sich dsmingettprsiatdethei budk sibigon vexferunBaoustilicon exhibits highe
out ernost di nension "D', and the |nnerm)st di mrension "d" and fits the

enpi ri cal r@gggwﬁsgre&eﬂ hakq68d ?&F‘ar | ngl Wy chNitREE R Real ' whaRtdr2EE Wille

fitting constanfs for a parti uct or de5|gn netal, and substrate

mat eri al . / D-d).]. Equati is kno hose .of

ordi nary é‘l’(‘f"lrFS‘StE‘HB} f‘Hé‘EJ’b?‘Hrgqo ‘5§“‘&‘F B?Bﬁsé"r? | QPRI ¢ l‘f%tl??’frﬁﬂf%‘f‘tyof
the inductor 10. The Q factor of the spiral inductor 10) in turn, consists
of two cospiseemetherbb@d-usingtucally Hefhedoporons sihicedn c@r peovadac @ v §ret IC/RE al

| oss and s, ~ accounts for substrate |loss. Also, the netal |oss at RF

frequenci %%othﬂu?%?%lﬁﬁéhrpb’luﬁﬁiaﬂnﬁ 85tn8 bR HethighVBb st IprodesBe 45686diAted with pridt art

conductivity of e metal layer 14 and Skl n depth (ti) at the operating

f |
oot Ty moerbbi st AR v epnee ol iy peont S i ol Hingreesed ¢ he

skin depth (ti). For exarrpl e, if copper is used, the spiral inductor netal
t hi ckness R(FrIG)per@Iamwatapﬁroamlag that GFGaAp entegrated cirditsabout 5 pmat 2 GHz
operation. In addition, total inductor |osses vary with substrate

resistivity, d%o&ﬁbr&ﬁ@arﬁf@ﬁs ﬂ%ﬁ%ﬁxé% ito Mot hféﬁggﬁétiﬁtyflhﬁérdthdﬁor&ﬁlesﬁ&hf al
inductor 10is fabricated on high resistivit
motherboard of the present invention permits the integration of all passive RF
components on a single chip.

Still another advantage is increased production yield as the silicon IC components
can be assembled on the motherboard directly without the concerns of thermal expansion
differences.

Disclosed in one embodiment is an improved integrated circuit platform with low-
loss and low-crosstalk characteristics which permits the integration of RF passive
components such as inductors, capacitors and resistors. Selective regions of porous
silicon are created on a layer of silicon substrate. Later, AC/DC terminals can be added

to the substrate to create a fully functional platform. Compared to prior art fiber glass or

ceramic circuit boards, the integrated circuit platform of the present invention is smaller



2 0 JUN 2002 to silicon (>kohmcm the inductor 10 will induce a small
.current in the substrate and hence will have a small subst rgloe‘t]wnm?qmg
conpared to those | osses experienced with metal. On the other han he Q
~of the spiral inductor 10 can be dom nated by the substrate loss if |ow
resistivity silicon (<10 ohmcm allows high induced current to flow.

Bet ween these two extrenes, the_.substrate |pss ., s,affected by.a conpl.ex set
of factors, 'lﬁcflgﬁjiaﬁé loWh &t mmanufactiringe p9sty, SInge Jt shesps dhe same i ?,qnaF’;P

pol ari zati on hpgstidAdaglifyers as i s appreciated by those skilled in the art.
Thus, substrate-related rnductor coupling losses wii typically limt the Q
- of the inductor 10ni&ndther eibodiment, sy porob® silsconf lager ofvcreatidsoveri 4 ysiljoon10

ohm c silico h vention. prqyi h duct i coupl i |.os es by
The conversi bR Tnblpdat 5 B RECHRS By Wit B8 devegiat ol R e o
high resisti VpdrUus(slﬁ’&mOiB T &Had e&&&%ﬁ%cﬁbé CoA0S ldaviess &k félﬁg:'aféﬂ pﬁﬁﬂﬁa%léag
paSSI ve corrponent s such as high-Q inductors, high-Q capacitors and

resi stors to lpw emparated fdbm@&tlpnwft%Ftlmatbﬁll [pRSséve Faroponsaisein, a can¥engionad 2, a

graph 20 of t function of frequency is showmn. Curve 22 is shown
exponenti al | yéll?lrécsofzag lga?%'é)%ojllsnea function of higher frequencies for a | ow

resistivity subst r@é@rdlﬂ% Tto0bie @spect Of thBeproddRe finverkidn, ek 88 pedviaddl adb
correspond to substrate ayers havi ng 40 ohm cm and 4000 ohm cm

respect i vel y.iniggraigdgireuitapeth eroeardeomprisisdct i on of frequency is
substantially r Ed%ﬁﬂ su“oE&?at Pﬁa{v 1}4%%& E\ﬁf%g%ﬁﬁ%ﬁ ¢
grap

i ncreases even to 4 mcm resu ean De obtar ned usi ng
a set of copl anar atpemasrisﬂ&bnrregmme:scm hipgticn &f) sdidbilicoatsabsteate $dylet,con
substrates of various resistivity values. Note, at 2 GHz the | ow

resistivity SVBS'88n substrate 22 adds nearly 6 ' dB/cmloss as conpared to

the transm ssiRNrdsRtSisWubitasihlfyeShsdr! With Xalﬁ'dp‘pﬁloéhrf ce %f%ath Lilicdh %mgtoratél I'n

general, the Qfactor performance of the spiral 1 nductor |s e cted
dramat i cal | y dny comprisesmsdanae errmsaoﬁvam¢alaoreszﬁhasmqmemtres am'm | e the i nduct or
value L will stab I1 %t const.ant froml o ecgl.#incs\?&f; 1
principle is testeéd BY QPG ESSIXC | RMPRNSR é’f°§ 13 FQAUP BBﬁ?uﬁlegl {EBw
transni ssi on rk}iog aBOutShidysoirtidrEofpdité Said Bektd s&f@débﬁfséldtsﬂlcﬁﬁ%ﬂidt@{e 18¢er. The
substrate material 32 can vary and a hlgh frequency signal is transmtted

from one end 38 t cAgordingrhe aéﬁ@emesmt phhe prgpenkiinngan, thage sgprovided an
integrated circuit chip comprising:

a silicon substrate layer having an upper surface and a bottom surface;

a porous silicon region occupying a portion of said silicon substrate layer,
said portion being substantially planar with said upper surface of said silicon
substrate;

an epitaxial layer grown over said upper surface of said silicon substrate layer
and covering said porous silicon region;

an oxidation layer formed over said epitaxial layer and having a substantially
planar upper surface; and

at least one passive component device integrated into said upper surface of
said oxidation layer opposite said upper surface of said silicon substrate layer.

Other aspects and advantages of the invention including its specific
implementations are understood by those skilled in the art by reference to following

detailed description taken in conjunction with the accompanying drawings.



- and the dielectri

The transm ssion line 30 essentially fornms a single |ine inductor 36
.carrying current fromone |ocation end 38 to another 40 th,ﬂa gﬂm del ay
bet ween the input 38 and out put 40. Most losses in the tran 4 2ine 30
are due to reflection and attenuation of the signal as it propagates
" throughout the line 36. Thus, when an8incident signal or voltage approaches
the transmssion |line 30, a portion of the signal nay be reflected due to a
m smatch of the source | BREERDBSCRIBTION OF THPDRAVINGS ne characteristic
i npedance. As the remai nder of the signal propagates down the line 36, its
power is atten p the finite conductivity of the netal conductors
%EW@%T the substrate material 32. At the output end 40
of the transmi ssion |ine 30, the signal nmay see anqther m smatch with the
| oad i npedance Hig¥E lgilag plan y1ew of mpypicelefum squagh spiFad phduetorgbheaied ong
i npedance values to elimnate reflections, the line 36 |oss can be directly
det er nmi nedilieyn stisst@id doeomdivpetoipriop amehethedspeen the i nput 38 and out put 40.
The transmi ssion |line 30 can be used to conpare line |losses on a variety of
substrates. For:t hi i,N.0N nhadi [ strip
structure conf iFl r g? Pg% P§§§§%§gg%}%§‘g§5ﬁ’&sggﬂgﬁ gﬁ%‘f‘%é‘ %QPEE%B%’ gr ound
strip on either_side all supported on a substrate. The two graund strips
are tied toget Kégurag is Rechardbowingsth ke doss vs. Areguengy %@ﬁmf_l@g vaae coplensrar
nodes. Therefore, only the desirable even (symmetric) node is supported on
thi s strueiahsmissiSn fined fabriefedos sitisol aibskates 6f valoubadsistivitgnd 6 GHz. Table 2
bel ow denonstrates that the |oss for p+silicon substrate is nuch higher

t han for Sem"l‘ﬂ'é“ i I (Sl . - ~t4 pm
t hi ck porous si c%ﬁf{ 5@%?4 %Eﬁ&%ﬁﬁsgé@gﬁiﬁ?@@%hﬁﬁ%&? Sr@&%. t’%%uss,
porous silicon was verified to reduce RF coupling |osses into m crowave
frequenci 84StTAtSeni - i nsul ati ng GaAs (SI-GaAs), p+ Si, and porous p+ S,
each coated with a 1500 A CVD Si Oz | ayer can be used to achi eve these
results. Four Figureod ishickémptiatRgraalod acandbatios ecll ffor fdoninge podus tsilicdn To
obtain the | oss neasurenents as per the present invention, the transm ssion
l'ine meas#{yg nts can be perfornmed using a network anal yzer or any
i nstrunment “capabl e of neasuring magni tude and phase of reflected and
transmtted sigpals. By use of the sape transm ssion line structurg on a
variety of sub§i§Uised? apq eP e cress seetiusl ¥isHstaft POETalFy UiAE DRIOMASHERD n
the total loss. The loss of the lines on differing substrates is shown in
according to the invention;

Figure 6 is a cross sectional view of an integrated circuit chip with on-chip
passive component according to one embodiment;

Figure 7a is a cross sectional view of an RF Integrated Circuit motherboard with a
region of porous silicon according to one embodiment;

Figure 7b is a cross sectional view of an RF chip illustration component
integration with porous silicon according to one embodiment; and

Figure 7c is a cross sectional view of an RF chip illustration component
integration with porous silicon according to yet another embodiment.

Corresponding numerals in the figures refer to corresponding parts unless

otherwise indicated.



Table 2 as follows: SI-GaAsp+Sl Porous SlLoss @1 GHzO0.2 dB/cn6. 0 dBl cnD. 2
_dB/crrLoss @6 GHz0.8 dB/cnR0 dB/cnl. 0 dB/cm Table 2: D electric Iosses on
vari ous substrates 2 0J UN2002 13 Thus, a p+silicon subg 9@?&
exhi bits much greater |loss than the SI-GaAs. On the other han e porous
silicon over p+silicon has nearly the_same |ow | oss characteristics as the
Sl - GaAs denonstrating that the benefi s of usi ng porous silicon layers to
achi eve | ow i nductor | oss on aDETAILEDUDESCRIRTIOMNe advant ages of using
porous silicon, as per theyPTesePREFARKMD PMBODRMENgSdecr eases costs
(porous silicon is |less exp'enm’ve—rm—GaﬂS‘)-)—h‘r‘m‘mTrTormty and good
. h|ghterrperatu stabili 4, schemati c.di agram of an

anodi zat i on ceI EYsR "bfmqtip?ll? 8’ HBW(?&Qt}éqqrpﬁoﬁ’?cq‘%ﬂl?é‘%wﬁsrewe’ﬁnﬂf
denoted generally as 50. The anodi zation cell 50 includes a chanber 52 with
~a siliconavgpierl 68 tempyuakispiyalf indn¢tob 60 fatdicated onEGsihedivabsodtetile Tied keyb0.
Each half 56, 58 has a platinum el ectrode 60 and 62, respectively, which
formi npUTdcﬁgﬁ paHRidrs befy s ﬁflalsl BctBF"fO%Fé ﬂle%ucﬁsr%m&qﬁja&dﬂ'@fa&&f In the

el ectrol yte such as an ano H~0 sol uti on, occuples t he space

bet ween the waf er. 54 andthe etro es 60, 62. A 70 for a
conpl et e 85?"(98?t°f 'hgg Fg REFriglsy etﬁg“?:éi et sosquate i%%éc%f gQJI’IF éﬁrtgeg'zurce
72 to the structure via the el ectrodes 60, 62. A porous silicon filmforns
on the anddemnsindd byfth¢ hembef ditusisid, tHesousériosiodimensiom{'P8dire the indeemostar
hal f and does not react. The nost irrportant vari abl es affecting the

formati ongpfiedsih 'Qpraﬁl‘i'?itsstihgicﬁ@ %X?E?é] r@f&l% ug&i?ﬁe hg%a&b)sgxr@@%hioplaﬂa pt ype

and level; 2) the concentr cctr the ‘current

density 72. f er abl e HF co centratl n.is i,nt ai ned be en 10 - 48
percent (% lgf?"ﬁt %‘I#%‘ﬁt O REIE %Eld%@ﬁg?ﬁ‘g“’ ngalrﬁﬁgéﬁg ﬁg% r&?&d
substrate resistivity, simlar filmporosity can be produced using vari ous
conbi nati ons of the electrolyte concentration and the current density 72.
Porosity of the wafer 54 generally i ncreases with increasing current
density 72 andidecreasi ngNInf ?02 14 concentqatiben, of the
electrolyte 64. As is appreC|a ed by hose of ordinary skill, the

As is known to those of ordinary skill, the inductor losses are often related to the
Q-factor of the inductor 10. The Q-factor of the spiral inductor 10, in furn, consists of

two components, 1/Q = 1/Q,, + 1/Q,,, in which Q. accounts for metal loss and Q,,

subs
accounts for substrate loss. Also, the metal loss at RF frequencies is caused by skin
resistance, which is a function of the conductivity of the metal layer 14 and skin depth (t1)
at the operating frequency. To minimize metal loss, it is desirable to use a high
conductivity film having a thickness (tm) more than three times that of the skin depth (ti).
For example, if copper is used, the spiral inductor metal thickness (tm) is about 7 pum at 1
GHz operation and about 5 pm at 2 GHz operation.

In addition, total inductor losses vary with substrate resistivity, due to the deep

penetration of magnetic field. If the spiral inductor 10 is fabricated on high resistivity



porous silicon wafer 54 has a high internal surface area with many
.inpurities (such as oxygen, carbon, fluorine and hydrogen) . These
inmpurities should not present a significant problemfor suBdeUNn?OUZ
front-end or tail-end processing. As such, a nunmber of RF Integrated
" CGrcuit (RFIC) applications are wi t hi 4 he scope of the present invention
Turning first to figure Sa, a full silicon on porous silicon substrate
struct ure $iicah@kohandnjteondotadfewdl induesa 404l clwsim gn thersubstrite nad héNdes
processes, a pt+substrate |layer 110 is the starting point. The p+substrate
layer 110 81 g4 ' I Ly W
- Pref erabl y%Vﬁ% he poﬁﬂéggsﬁ?gﬁés‘%l%ﬁ} é&;toEg{;é\%éﬂgsﬁé%%*@ﬁgnél%oﬁ%%%l'cl?n Sxt .
a p-epitaxial |ayer, 114 is grown using conventiagnal t hods on the porous
silicon | aBfr has, tl}ﬁréwéﬁ%wra H@Uﬁtoégiot%%ib&ld%%tﬁd §§ t@%ﬁ%&*ﬁteﬂowfzowm
thick. Since the resulting structure 100 is very simlar to conventi onal
advanced GNEStivity silisors (K t0adhng-cind allpwe bigsindgced Rufreptas ot i BeteefVhdewaber
fab with little process nodification. In figure Sb, a silicon on parti al
porous silj upst : i |y 0.
Ao shoun, ieieS MBS EE L Uieled 3 WEEARE LERPRELIERGI s BSle?
130 of the subélratefél4 i s anodi zed. K The region 130 is, designated for
passi ve cotpbAERT a0AIQ/St Inderiagial polpsizatiem losp and athars asdis APPESSEAtsd by, those
| ocations on the substrate material |110. The advantages of structure 130 is
that it peskiflddsinttheagr omt h of a high quality epitaxial |ayer over the bul k
silicon substrate, while low quality epitaxial |ayer can be used on the
porous silicon j.npl . i i -at.l b f
Por ous oi 11 con P hetbsle ARt 1. 50PRORAM LR-EIHR deal Rt biaRo df the
structure 170 i Q.JUN 20a2, 15 can be processed,usin? conventi gnal CMOS
met hods i AndUSkes L0 1f s sificen laver A 1agdi 4 IQvadesnitvity (<t TQ @he-gm) siligeni dBewi t h
i nt egrat ed passive conponents using the partial porous silicon structure
120 i s shawwerdiod tevidesetiic getvetiah bfcaplihg Qossdhiey thelcknedrtion ofi agelasvelattieick| O
has a porous silicon region 130 created in it using standard processes. In

one enbodi g Pﬁgtlg‘% &Sy diidoh iflo ﬁxgﬁ ri%%ﬁ%tg"ﬁ & dlﬁn/?tlﬂ% gﬁxt%lug rsﬂﬁ:ﬁnqgeyreg opl

ohmcm while porous srI'licon regqi s signi y great _

L S S, AN et i B St

| ayer 114 directly overlying the porous silicon region 130. For exanple,
resistors to be attached directly to the bulk silicon wafer.

In figure 2, a graph 20 of the loss as a function of frequency is shown. Curve 22
is shown exponentially increasing as a function of higher frequencies for a low resistivity
substrate (4-7 ohm-cm). On the other hand, curves 24 and 26 correspond to substrate
layers having 40 ohm-cm and 4000 ohm-cm, respectively. As shown, the loss as a
function of frequency is substantially reduced as the resistivity of the substrate material
increases even to 40 ohm-cm. The results of graph 20 can be obtained using a set of
coplanar transmission lines (see figure 4) fabricated on silicon substrates of various

resistivity values. Note, at 2 GHz the low resistivity silicon substrate 22 adds nearly 6 °

dB/cm loss as compared to the transmission loss on high resistivity silicon.



as shown, a Hi-Q capacitor 152, spiral inductor 154 and

i nterconnect/transmssion lines 156 are all |ocated di rect | y above the
porous silicon region 130 with an interspersed epitaxial ?&s ht14 lizherei n
‘In this configuration, the region 130 exhibits high resist tjy %0 gnal s
- propagating through the passive conpongnts thus Iimting coupling |osses in
the substrate 110. On the digital side of the device 140, regions 160 and

162 are formed,,pp&feedlalhe féd?ms@@hbmrﬁﬂc@eamhe Spirat MRt OGS, effted
further isolate the passive devices 152 156 from ot her formations on

t he device_ 140, t|on of ons 164 and .n re ..166
are acconﬁ‘fﬂ%@&ﬁbs’yﬁgﬁ "\%‘f?‘lﬁ Rhm%ﬂc‘i%ﬁs‘@h‘o? r‘B?i'r\{g?ryvasR?h ‘f"liL
Figures 7a, 7b and 7c are perspectl ve view of a notherboard, CMOS chip and
hybrid ci stauiatlmoste@tmstam rohy Jowigo IRF drehagreiesof Tipppduosipk isi testad thy Bgeat® a
| ow- 1 0ss/high resistivity structure useful in RF applications. Figure 7a

depi cts a“ﬁﬁé@{pe? t5 8 AU fAr 208 BARIel (P WELSES ,géonqﬂrmsﬂmqsbﬁ&%m 130

created on a r of p+ silico substrate 1 0 JUN 2002 16 In one

enbodi nent or ous con regi on 130 contains density . of tiny
vercicar poredra Rl 2L oHE st rvmaoﬁraoba%ﬂér GRTHBES The
processes used to create the porous silicon region 130 are well known to

t hose ski Hhrsnitted fitoen and¢ endRfetotosechred bndy#0 ofthe shnsmissiomiide |13dw di el ectric
constant of the porous silicon region 130, the RFIC ot herboard 200
provi des a | owghesgarffssidiMif | #ihR s SHAILBREGhARI02AE Aing
resistor 212 integrati ogrlS 1 ?mkg fid or ous s%fré(l:on regraono 130 re i
its crystalli struc ure bu el y _deyoi d of f carri

2 mal el i ab U AR RAE fo5HAR eeiaﬁrrg.aaﬁ b0 S & RpsSr ol et e B St 98
not her board applications. In one enbodi nent, an AC ground 218 and a DC
ground 22androatpt t4k haddostolastes prshb $tansthissibaylére 30 Garafduer taCviEflaskipdear@10 or
nitride passivation. Conpared to conmonly used fiber glass circuit boards,

the RFIC Q@éﬂi‘ﬁﬁ&?@f%e%@ﬁlalﬂﬁlttﬂ?@%%’t@m oRthSHRY 36.STRES, MWl LVinci@sht

fabrication. It also provides a platformto integrate chips fabricated
usi ng diff.erent t hnol o si,nce the anodi zation oce can form

ni for m aHE" el VAR RGeS L resrag BHE 01 BPoRgT Shegaral may b

| ar ge-di aneter silicon substrates 110. The resulting structure 200 is

pl anar antflegtedbiles tgosdmematelt edfmthrplsotgyinmerarmisl and che disawsstissierm ling
processing. An advantage here is that by not oxidizing the porous silicon

regi on 13fharfRedsticmpedfRs. AlsQhé BiBaihdertdfend QM pldpag@ts Eben B kne 36, its
not herboard 200 are elim nat ed.

nglt

power is attenuated due to the finite conductivity of the metal conductors and the
dielectric loss of the substrate material 32.

At the output end 40 of the transmission line 30, the signal may see another
mismatch with the load impedance resulting in a multiple reflection problem. By
choosing impedance values to eliminate reflections, the line 36 loss can be directly
determined by the difference in power between the input 38 and output 40.

The transmission line 30 can be used to compare line losses on a variety of
substrates. For this purpose and in one embodiment, a three metal strip structure
configuration is used composed of a signal strip with a ground strip on either side all

supported on a substrate. The two ground strips are tied together at the ends to suppress



The RF chip 230 of figure 7b illustrates the integration process using
~conventional CMOS technology. This tine, a thick porous silicon |ayer (>
.100 pm 114 is first formed on the entire p+substrate |10 2f(PpUUNREDDY
growth of 2 to 3 mof CMOS conpatible epitaxial silicon 114. This epitaxial
| ayer 114 over the porous silicon |laye2 114 provides a silicon wafer that
is the starting material for fabrication of CMOS circuits. 2 0J UN 20Q2
m As i s unddrceplemd hydash @ erefbrep paiynthe \desikabld evenheymnmetne)i rnodois supporied ous
silicon layer 112 into the p+substrate 110 is not for DC device isolation
si nce CIVCI@g Is ' use the same device isolation as fabricated on a bul k
silicon su g‘%gt?%&%fb Wth >100 pm of porous silicon 112 under the thin
epitaxial |ayer_ 114, the wafer 230 provides F |soI iion and | ow | oss
when passi ve cotfiHdfragensiescanshy sefat behsl I sndid C&%a’éwéﬂ eJq dERPIFERIESt or S
212 are integrated on the substrate 230. Thus, a high-quality epitaxial
growt h | 1thaptheplok® s (Shsiliconrsubsetyfte is ixﬁxch&xigﬂbritnamfdrasﬁxniam@wleﬁ@g 0$1) treALMOS
chi p design of figure 7b. Turning to figure 7c, the hybrid RFIC design 250

I'S Shom({sF&&A&; Efe B ﬁh&% 3rhl§ Qcﬁfc?p%rggss% n%bér +430Q cofipartiotgn, sel ective
porous silicon reglohs are Irs or I nsi e a p+substrate |10.
Subsequent epitaxial growth 114 results in CMOS qualit mat erial over bulk
silicon r@@t &7sSk I@M&gﬁh‘b‘a,@ﬂ% %’M‘rﬂibWéﬁt‘@“ﬁi@ fo qu&ce conplngplosengsinto
silicon isolation regions 130.. The prinmary difference between the device of

figure 7cmigrdwhvefregiemolts. mfse@uu'u@urdzmgsc;mwn GeAs)) i Sy ahé PoreenpASIpf
the epitaxial 114 over porous silicon regions 130 is nuch nore rel axed as

it will nopyal; Bﬁﬁtwrﬂ?ﬁsi'ﬁﬁ ed e%{(?]i%%cr%t‘jaﬂ’be%gsga tcpg enéﬁr?l@g respits,

manuf act uring, i'S appr oac eve oprren
although it may add several process to a existing waf er fab Iines. The
phrase " ciicren fhigle platsdhgoldeandie ysed dor the gpnduetaron Speci fic | nt egr at ed
Circuits), PAL (Programmble Array Logic), PLA (Programmable Logic Array),
decoders) nmenoTo @btaimalie &3k meserchraedappactegoesent iveatibmr theitrangmissign or
digital conputers including mcroprocessors and m croconputers of any

ar chi t ect i meNuremeéntOcah Bt g8l using a network analyzer or any instrument capable
of measuring magnitude and phase of reflected and transmitted signals. By use of the
same transmission line structure on a variety of substrates, dielectric losses constitute all

the variation in the total loss. The loss of the lines on differing substrates is shown in

Table 2 as follows:
SI-GaAs p+SI Porous SI
Loss @ 1 GHz 0.2 dB/cm 6.0 dB/cm 0.2 dB/cm
Loss @ 6 GHz 0.8 dB/cm 20 dB/cm 1.0 dB/cm

Table 2: Dielectric losses on various substrates



conbi nati ons thereof. Wrds of inclusion are to be interpreted as

. nonexhaustive in considering the scope of the invention. :gée | and
external connections, communications links circuit or sig Mﬂ s can
be ohmic, capacitive, direct or indirect, via intervening circuits or
.otherwi se. Inplenentation is conterrpI]a:{ed in discrete conponents or fully
integrated circuits in silicon, gallium arsenide, or other electronic
material fam | iHsus, 2 p+slics Silbb@atwlﬁ(}ef' 8x1abids fbett greater vigs tharhhe ShraiAs. @n t he
i nvention can enploy or be enbodied in hardware, software or mcro coded

firmmare. [ t QLS 1 RVenti e [ t
illustrat iux\% Aéﬁ rog:‘ﬁn%n@\sé, B{"lr??g %@%’e‘f?’g i %§§I§blg??ui ﬁ?aéﬁgg{dee?o epot%nlgﬁ ued
inalimting sense. Various nodjfications and conbinations of the .

i |1 ust r at icheragtepsinsnisnthe, Shgade demensteatingr thahthsherefitssofopsing @orausesiticarn,

wi || be apparent to persons skilled in the art upon reference to the

descri pti Qdyerd fo dchidvReselidiRtdrnésnsies pt ISakulishateaMMrendeshtegai oTRisRIRGITEES S
any such nodifications or enbodi nents. ~ur~ zooz 19 CLAIM5S 1. An

20
an opper - SiiPBe A ef b TR o el fafubes WS BT blienBY sk 2°

portion of said silicon substrate |ayer, wherein said region is
subst ant i &Kpspspiedha Gafsh fikmjuaifoppity andigeadddglrfenaparafucs stabilify. subst rat e and

conprises a dense array of vertical pores in a silicon matrix; and at |east
one passive corpdipant 4,descheatiddiagfaat 6fard fodiAtbs c¢lbuefidl if ifbintiap arRgob@n
about said portion opposite said bottomsurface of said silicon substrate

| ayer. 2. i j i of~.cl al - furkheq . i,Sing
an” oxi dat PORSP SIS 36 S Sehied BHURRERY S snf aBhgigrL S SH iR
integrated circuit notherboard of claim2 further conprising an AC ground
coupl ed t 6hamber Poyith asiiliqoacwafer 54 separafing; fant 5634 reastS8 halyes of the cqigéo-
integrated circuit notherboard of claim3 further conprising a DC ground

coupl ed t Easlahalf $PS8 hadli pREAuM, elédtiode B0l dnd @2, saspsdtivalys whishefonadinpateaid sai d
AC ground. 5. The integrated circuit notherboard of claim1 wherein said

POres are gt RhITRAIE oY ¢ Let? B! nAdbﬁHB&faEupply of electrolyte 64, such as an HF-

ethanol-H,0 solution, occupies the space between the wafer 54 and the electrodes 60, 62.
A power source 70 forms a complete circuit in parallel with the cell 50 and provides a
current source 72 to the structure via the electrodes 60, 62.

A porous silicon film forms on the anode side of the wafer since the silicon is
cathodic on the rear half and does not react. The most important variables affecting the
formation of the porous silicon wafer 54 are: 1) the substrate doping type and level; 2) the
concentration of the electrolyte 64; and 3) the current density 72. Preferably, the HF
concentration is maintained between 10 - 48 percent (%) with a current density between 1
- 100 mA/cm?.

For fixed substrate resistivity, similar film porosity can be produced using various
combinations of the electrolyte concentration and the current density 72. Porosity of the

wafer 54 generally increases with increasing current density 72 and decreasing



2 0 JUN 200Z 20 6 . The integrated circuit notherboard of claim1l wherein
~the resistivity of said porous silicon region is greater tg n 68 mem
7. The integrated circuit notherboard of claiml| further c @pﬁj i an

external ground coupled to said bottom surface of said silicon substrate

" layer. 8 . The integrated circuit nothkrboard of claim1 wherein said

passi ve conponent deyice js a spiral. inductor,. ‘12 . An ingegr,at ed circuit
chip conpFPusEREation ef the: elsctsolstor 64t Ay A appracisted dyaihosh e oidinamyasiillathe a
bottom surface; a porous silicon region occupying a portion of said silicon

~subst 3r aperoug silikbn vedbdSPRAY 4 Giphbidkdifalsubfitaivet atithymphpidpuitiiésh (Shtasupper
surface-of said silscon substrate; an epitaxial |ayer grown over said upper

eoi on. ooy saltshy MGRNeT AT o2 eSS OuRT R et 62

- substantially planar upper surface; and at | east one_ passive conponent

devi ce i nSiggiisericprrblent fonsubsegysat front-¢uder tail-eadiprocessingat i on | ayer opposite
sai d upper surface of said silicon substrate Layer. .A
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layer can be used on the porous silicon simply for passive component integration. Like

the full porous silicon structure 100 of figure 5a, the partial porous silicon structure 120



"10%@& ()- 10%@& ()-1310%a& ()- fslO0%@& ()-&$P10%& ()- 551i K-K "10%& () -
L" 10%@& ()-"10%a&' ()-"10%a& ()- f"10%@& ()-"10%@& ()-" 10%& 9&, 2@

i K- KOLO%@&' () - Y. " 10%@& () -, "10%@& ()-)" 109%@& ()-s' " 10%@& &)Y O 4OR: ()-"
109%@& ()-T :

KLM\[ ] i KO10%@&' () - s109%&' () - S#109&' () - 3P0@0@ 0@ 10%a& () -, 5" 10%@& () -
210%&& ()- ]a H iK-K'10%& ()- " 10%& ()-10%& ()- "10%& ()- S'10%& ()-
"109&' () - PoB&bg )procespidhiugings tamtional YCM@Bgmethodg in a wafer fab with little
109%&' ()-' 10%& ()-"109%& ()- F"10%& ()- "109%& ()- nxkL-K C* 10%& ()-) C*
109%& () -) médifidditék. ()-) 'L ~C 109%& ()-) ~C° 10%& ()-) C° 10%& ()-)
KMBK C* 10%& ()-) 'L

In figure 6, a device with integrated passive components using the partial porous
silicon structure 120 is shown and denoted generally as 140. The bulk silicon substrate
110 has a porous silicon region 130 created in it using standard processes. In one
embodiment, the resistivity of the substrate is on the order of 0.01 ohm-cm while the
porous silicon region 130 has significantly greater resistivity on the order of 10 kohm-cm
or greater.

As shown, a plurality of passive components have been fabricated on the portion
of the epitaxial layer 114 directly overlying the porous silicon region 130. For example,
as shown, a Hi-Q capacitor 152, spiral inductor 154 and interconnect/transmission lines
156 are all located directly above the porous silicon region 130 with an interspersed
epitaxial layer 114 therein In this configuration, the region 130 exhibits high resistivity
to signals propagating through the passive components thus limiting coupling losses in
the substrate 110.

On the digital side of the device 140, regions 160 and 162 are formed, preferable
with shallow trench isolation methods, to further isolate the passive devices 152, 154, 156
from other formations on the device 140. The formation of p-well regions 164 and n-well
region 166 are accomplished by techniques well known to those of ordinary skill.

Figures 7a, 7b and 7c are perspective view of a motherboard, CMOS chip and
hybrid circuit, respectively, using a layer of porous silicon to create a low-loss/high

resistivity structure useful in RF applications. Figure 7a depicts a RFIC motherboard 200

has the selective porous silicon region 130 created on a layer of p+ silicon substrate 110.
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0% T‘%Irég)(é the porous silicon region 130 are well known to those skilled in the art.

Due to the high resistivity and low dielectric constant of the porous silicon region
130, the RFIC motherboard 200 provides a low-loss and low-crosstalk inductor 214
capacitor 216 and resistor 212 integration platform. The porous silicon region 130 retains
its crystalline structure, but is fargely devoid of free carriers making it a material with low
thermal expansion coefficient most desirable for motherboard applications.

In one embodiment, an AC ground 218 and a DC ground 220 are attached to the
ptsubstrate layer 110 after CVD oxide 210 or nitride passivation. Compared to
commonly used fiber glass circuit boards, the RFIC motherboard 200 has the advantages
of small size and low cost fabrication. It also provides a platform to integrate chips
fabricated using different technologies since the anodization process can form a uniform
and very thick porous silicon region (>100 pm) 130 over large-diameter silicon substrates
110. The resulting structure 200 is planar and exhibits good surface morphology suitable
for downstream IC processing.

An advantage here is that by not oxidizing the porous silicon region 130, certain
stress problems in the formation of the RFIC motherboard 200 are eliminated.

The RF chip 230 of figure 7b illustrates the integration process using conventional
CMOS technology. This time, a thick porous silicon layer (>100 um) 114 is first formed
on the entire p+substrate 110, followed by growth of 2 to 3 m of CMOS compatible
epitaxial silicon 114. This epitaxial layer 114 over the porous silicon layer 114 provides

a silicon wafer that is the starting material for fabrication of CMOS circuits.
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quality material over bulk silicon regions 110 and passive-components 212, 214, 216
over porous silicon isolation regions 130.

The primary difference between the device of figure 7c and that shown in figure
7b is that the quality requirement of the epitaxial 114 over porous silicon regions 130 is
much more relaxed as it will not affect passive device (212, 214, 216) performance. In
manufacturing, this approach reduces the time for material development although, it may
add several process to a existing wafer fab lines.

The phrase “circuitry” comprehends ASIC (Application Specific Integrated
Circuits), PAL (Programmable Array Logic), PLA (Programmable Logic Array),
decoders, memories, non-software based processors, or other circuitry, or digital

computers including microprocessors and microcomputers of any architecture, or
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and combinations of the illustrative embodiments, as well as other embodiments of the
invention, will be apparent to persons skilled in the art upon reference to the description.

It is therefore intended that the appended claims encompass any such modifications or

embodiments.
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at least one passive component device integrated into said porous silicon region

about said portion opposite said bottom surface of said silicon substrate layer.

2. The integrated circuit motherboard of claim 1 further comprising an oxidation

layer formed over said silicon substrate layer.

3. The integrated circuit motherboard of claim 2 further comprising an AC ground

coupled to said upper surface of said silicon substrate layer.

4. The integrated circuit motherboard of claim 3 further comprising a DC ground

coupled to said upper surface of said silicon substrate layer adjacent said AC ground.

5. The integrated circuit motherboard of claim 1 wherein said pores are '

approximately 100 um in diameter.
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9. An integrated circuit chip comprising:

a silicon substrate layer having an upper surface and a bottom surface;

a porous silicon region occupying a portion of said silicon substrate {ayer, said
portion being substantially planar-with said upper surfaceof said silicon substrate;

an epitaxial layer grown over said upper surface of said silicon substrate layer
and covering said porous silicon region;

an oxidation layer formed over said epifaxial layer and having a substantially
planar upper surface; and

at least one passive component device integrated into said upper surface of said

oxidation layer opposite said upper surface of said silicon substrate layer.



