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BACKGROUN NTION (1) Field of the Invention The
PE\?SE{ iTl)ElNr elates to tﬂn\%&m 'Fon of integrated circuit ﬂp@\Nm,legpP@nd
nore particularly, to j"that reduces electromagnetic coup ; g .
bet ween an i nductor creat éf%'6Ver the surface of a silicon substrate a
the underlying silicon substrate. (2) Description of the Prior Art
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extended frequencies in the range of several gigahertz. This has le o]
the need to create Integrated Crcuits whereby active sem conduct or

i i i i cal conponents and are created
elements are conbined with passive electrica
over the surface of PHeKARABNPt AFc THENMISYRMTOOr substrate. 1 -

(1) Field of the Invention

The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a method that reduces

electromagnetic coupling between an Ynductor created over the
surface of a silicon substrate and the underlying silicon

substrate.

(2) Description of the Prior Art

Semiconductor devices have of late seen increased use in
such applications as cellular telephones, wireless modems and a
general range of communication equipment, which has created the
need for Integrated Circuits having capabilities-of radio
frequency (RF) amplification up to extended frequencies in the
range of sevefal gigahertz. This has led to the need to create
Integrated Ciréuits whereby active semiconductor elemenfs are
combined with passive electrical components and are created over

the surface of one monolithic semiconductor substrate.
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*@00002* 2 9 NOV 2006 0O 5 NOV 2004 There are a nunber of significant
advantages in integrating on one sem conductor nonolithic uksy rZpg the
functions of conventional sem conductor devices with fungtions that are
typically performed by a RF anplifier. For instance, manu adttNW @@04cost s
can be significantly reduced while power consunption for the conbi ned
functions is also limted. |Inductors however typically are of significant
size and therefore require a |large surface area of the sem conductor

devi ce f eir inplenentation.. The_ jnductors are typicall formed on the
surface g%e;r@s%set ﬁrggtneuq“ﬁ)nera %%i?la‘?mf%%?ﬁn?e%wi“i‘ﬁﬁge? nlbaﬁagf‘—sﬂféting

capaci tance and supstrate |oss that have a serious negative effect on the
f unl'i R PEFIGP GredtWP LRI ¢ crvlest byt ehahpl Junetucnagothe frequency
of resonance of this circuit. The incorporation of RF inductors w thout
sacfFPPVENG CdéYi CEMisErTbrahc elqiviect® wubst fatet 1 osseshhasabeen
extensively researched in recent years. Sone of the techniques that have
beefYPa§ad livoretrtios mgshroach RMcmplet f et hersel et ¥ec&enmovi ng (by et chi ng)
of the silicon underneath the inductor (using nethods of m cro-nmachining)

- usangfaultirpng loayserss cafn Ry adi dsuieicAst B) LR AYA G AL eLcgpnegts or of
copper damascene i nterconnects

consumption for the combined functions is also limited.

Inductors however typically are of significant size and

therefore require a large surface area of the semiconductor

device for their implementation. The'inductors are typically

formed on the surface of a substrate in a spiral form, resulting

in parasitic capacitance and substrate loss that have a serious

negative effect on the functionality of the created LC circuit

by sharply reducing the frequency of resonance of this circuit.

The incorporation of RF inductors without sacrificing device
performance due to substrate losses has been extensively
researched in recent years. Some of the techniqueé that have been
used for this approach include:
the selective removing (by etching) of the silicon underneath
the inductor (using methods of micro-machining)

- using multiple layers of metal (such as aluminum)
interconnects or of copper damascene interconnects

- using a high resistivity silicon substrate



- using a high resistivity silicon substrate 2 2 9 hKN’ZOOG §O&K?© 004 -

enpl oyi ng bi ased wells underneath a spiral conductor - inser

types of patterned ground shields between the spiral indu t@ @@% _
silicon substrate - increasing the thickness of the inter- Jﬂ glbctrlc
The above |isting of researched alternatives is not neant to be conplete or
all inco cIu5|ve of the above approaches have as common objectives
to: 1)° ﬁ%ﬁlY?%l Cﬁ”gﬁFD%agF Eh&PiRdbcCONdUgt®™2) increase the

frequency of the LC sel f-resonance thereby increasing the frequency range
over wmshrtireg i naluce s CapebeofupedteThedi gyenhidor hdddres 3o dduh above
hi ghl i ghted concerns an provides a nethod whereby the el ectromagnetic

coupl itge hepieen andhetbzoatal thedyet 9kont Babsiksa¢leat ed over the surface
of a silicon substrate, and the underlying silicon substrate is reduced,

thus | 658884 009 U oper akhonal ogapall L bty and reguency ange of the

i nduct or. 93,599 (Lee et a 3Eéss nductor over a
polysilicon fllled trench. 3

The above listing of researched alternatives is not meant
to be complete or all inconclusive. All of the above approaches
have as common objectives to:

1) enhance the quality (Q) value of the inductor, and

2) increase the frequency of the LC self-resonance thereby

increasing the frequency range over which the inductor can be

used.

The invention addresses the above highlighted concerns an
provides a method whereby the electromagnetic coupling between a
horizontal inductor, that is created over the surface of a
silicon substrate, and the underlying silicon substrate is
reduced, thus increasing the operational capability and frequency

range of the inductor.

US 6,093,599 (Lee et al.) shows a process for an inductor

over a polysilicon filled trench.



2 9 NOvV 2006 D 5 NOV 2004 US 6,225,182 Bl (Chu et al.) dis Igogﬁg 200
process for an inductor over an epitaxial layer. US 6,057,202 (Chen et al.)
reveal s a spiral inductor process over an air trench in th?{?w Z@té'e. us
6,153,489 (Park et al.) shows an inductor over a porous silicon’l r.
SUMMARY COF THE | NVENTI ON A principle objective of the inventionis to

i Nprove gGkr gui f f m,c t or devices conprising active and
pggsive g%ngb%g%fgggvgﬁnﬁﬂgﬁgg?fgﬁé)ogﬁgﬁglﬁ%ﬁﬁthei%c%i%sf?ﬁi%g ATﬁther
obj ' f the inventiaon.is to provide a metho or increasing e
se%ggék¥§%9b8¥ﬁéeﬁnaﬁpﬁﬁ&ﬁ&@ %ﬁi%ris created over the surface of one
nmonol i thic substrate and the underlying nonolithic substrate. Yet another
objective of the invention is to inprove RF circuit performance for RF
circuits. that are created using an inductor that. is created over the
surface BF 8nB>rpA8Pi ttRhen substlrdt ece el D NOW 2006 1 fiGc N 200deskn
accordance with the objectives of the invention a new

over an ailr trench in the substrarte.

US 6,153,489 (Park et al.) shows an inductor over a porous

silicon layer.

SUMMARY OF THE DBNVENTION

A principle objective of the invention is to improve circuit
performance of semiconductor devices comprising active and

passive components over the surface of one monolithic substrate.

Another objective of the invention is to provide a method
for increasing the separation between an inductor that is created
over the surface of one monolithic substrate and the underlying

monolithic substrate.

Yet another objective of the invention is to improve RF
circuit performance for RF circuits. that are created using an
inductor that is created over the surface of one monolithic

substrate.



- method is provided for the creation of a horizontal spiral inductor over
the surface of a silicon substrate. A first layer of dielectri2ddiNOV 2006
deposited over the surface of the substrate, this first |ayer of
dielectric is patterned and etched creation islands of firsm giﬁpgcgmhc
material overlying the surface of the substrate, the islands of r
dielectric material align with coils of a thereover to be created spiral

i nductor. The openings created in the |layer of dielectric by the
patterning.a LN of . the first |ayer of dielectric are filled by

sel ect i vegndéé%%????sﬁgof’%& Ehe SPISTTVES (et i meban T d | ayers
of q%g{egtrgc are sgccessively deposited over the surface of the first

| ayers ofodi &7 eRF PYE9eA LRr AP eh6rieAdrical afndudiaori danttalerspreht ed over the
surface of the third |ayer of dielectric. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fi g. 1T ShBfs U bpt P et 6t agec ofv entsiidrialorhonitzontaale spi red rst ndags or. Fi g.
| b shows a cross section of a conventional horizontal spiral inductor. 5 2
9 NCRA 2006 e 0t 51 ROyYs 208R0SEitgsl. o etrhrtdieghs U5 fel@wo ft hehd NUMEsE i g e AS
follows: Fig. 2 shows the cross section of a substrate over the surface of
whi chhas | Byest ofadéel e€t tiie1bas rheen sdgpesiciedd and etched creation

islands of first dielectric material overlying the surface of the
substrate, the islands of first dielectric material align with
coils of a thereover to be created spiral inductor. The openings
created in the layer of dielectric by - the patterning and etching
of the first layer of dielectric are filled by selective
deposition of epitaxial silicon therein. Second énd third layers
of dielectric are Successively deposited over the surface of the
first layer of dielectric. A spiral horizontal inductor is then

Created over the surface of the third layer of dielectric.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. la shows atop view of a conventional horizontal spiral

inductor.

Fig. 1b shows a cross section of a conventional horizontal

spiral inductor.



Fig. 3 shows a cross section after the deposited |ayer of di elzegtm\p Ehﬁ
been patterned and etched, creating islands of dielectric over the surtace
of the substrate. Fig. 4 shows a cross section of,-the subst r(ptjeNgf/tzfﬂpqthe
openi ngs that have been created through the | ayer of dielectric areTilled
with epitaxial silicon. Fig. 5 shows a cross section of the substrate after

the horizental, induyct e v t urface of the
substr at eEyng\%e'r 2t he surgﬁgc%a%*&ﬁgg%%t%@ %Igle(rgé’oggdl%ce) fé((?twrsi’c and aligned
with the island of dielectric that have been created on the surface of the
substrate. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The i nventi on addresses
concerns relating to the creation of an inductor over the surface of one
nonol i t hifd Sulfstshaves Bie TR Tase oyl ehecfi 8t anbetbet®eenetthehienduct or and
the surface of 6 2 9 NOV 2006 O 5 NOV 2004 the substrate over which the
i nd§eFrdrades deivitg @r eatlethe el @ttd ombgnetic hassesethadtparse teanvent i onal |y
incurred by the inductor are reduced, increasing the quality factor of the
i nductor and therewith inproving the RF performance and frequency range of
the circuit of which the inductor is a conponent. It is, as previously
stated amdgpecidioad |y dioyd eveof idéhNeafter the deposited layer of
dielectric ahs been patterned and etched, creating islands of

dielectric over the surface of the substrate.

Fig. 4 shows a cross section ofithe substrate after the

openings that have been created through the layer of dielectric

are filled with epitaxial silicon.

Fig. 5 shows a cross section of the substrate after the
horizontal inductor has been created over the surface of the
substrate over the surface of deposited layers of dielectric and

aligned with the island of dielectric that have beeh created on

the surface of the substrate.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention addresses concerns relating to the creation of
an inductor over the surface of one monolithic substrate. By

increasing the distance between the inductor and the surface of



ost advantages that are offered thereby, desirable to be able create
;n i nduct or gver the sane monolithic substrate over which act |Z\t/§; NGV 2006
sem conductor devices are crested. The parasitic capaC|tancequpﬂEWp?@$r as
part of this creation however [imt the quality factor of the’ C

that can be achi eved using the conventional silicon process to about 10.

Thi &bl Bubatiralt o Sy dOfun BN APPIAGALEODS, s NOLs AgCepLablg, Dependent on
the frequency at which the LCis designed to resonaté, srgnificantly

| f. i ctor, for jnstance 15 or nore for on-chip
!ﬁgggﬁgrg?Hﬁﬁngﬁé;ggﬁliaLréﬁéiiééﬁ eV %El?ﬂa?ﬁyslﬁﬁgﬁrﬁpnpﬁeﬁheto

: i i i i ting
creatl val ues of hi er.qﬁgk%%¥.factpr as segarate units and integra
thegédggﬁgfaﬁéeuﬁ%é%%% h YUt hgdeelt ¥ freReri 8Asth®hi s negat es
t he ,advant ages that can be obtai ned when wusing the nnnollthlc construction
of C¢PESFITRG B8th Yee Srhidut t ok r Airen 9 heh s URF obmdf ngmaevkcesdorireneeany t he
same sem conductor substrate. The non-rmonolithic approach also has the
di s&a@vaft &je thehatl radditt icdhath iy i tige | sndequoretlst o tomhpbaennect the sub 7
2 9 NOV 2006 0O 5 NOV 2004 conponents of the assenbly thereby again
introducing additional parasitic capacitances and resistive |osses over
the interconnecting wiring network. For many of the applications of the
RF anplt fier, asusheasopsi yabtetbat kady spewaradanR) 1iGA QNS .0 the

cost advantages that are offered thereby, desirable to be able to

create an inductor over the same monolithic substrate over which

active semiconductor devices are created. The parasitic

capacitances that occur as part of this creation however limit

the quality factor of the inductor that can be achieved using the

éonventional silicon process to about 10. This limitation is, for

many applications, not acceptable. Dependent on the frequency at

which the LC is designed to resonate, significantly larger values

of the quality factor, for instance 15 or more for on-chip

inductors, must be available. Prior Art has in this been limited

to creating values of higher quality factor as separate units and

integrating these separate units with the surrounding device

functions. This negates the advantages that can be obtained when

using the monolithic construction of creating both the inductor

and the surrouhding devices on one and the same semiconductor

substrate. The non-monolithic approach also has the disadvantage

that additional wiring is required to interconnect the sub-



ower consunption is at a prem umand nust therefore be as |ow.as

Bossi bl e. B)r/rprai sing the power consunption, the effects of pargglmg‘(z 2006
capaci tances and resistive power |oss can be partially conqusEqumgmt
there are limtations to even this approach. These problens take on even
greater urgency with the rapid expansion of wreless applications such as

por teafipriealtephomeshe anglsdher | i Kger WY, ekg §n09HH‘HBhﬁé§irea§”%did§tf'%orn%ﬂi dly

expanding market where the integration of RF Integra Circuits i's one of

t he JBsis jiymRor chal g .0f .the,approaches is to significantly

i ncrease 't he #%ggﬁéhcy %%goii?a |§ﬁgE6V?o%O$§§faﬂ¥8r Fﬁ& range of 10 to 100

GHz.. For_ such q%.h frequencies, the values of the quality factor obtained
%1éhpi

f r om"S95SIHS RHrise By R Ksi GAFf PEaMt PY §8gr aged : cpéA cagpldifcat i ons
in this frequency range, nonolithic inductors have been_researqhed usi ng
ot hé& Hdn 244 asStHe daskoFbrLineberbaryonowt rede aprdickorisnssuch
nmonol i thic inductors have for instance been created using sapphire or GaAs
as ®PEde COFHBER G ifuct rat haveremtensader abby thewefopar aei kisC leapae t ance
than their silicon counterparts and therefore provide higher frequencies
of PeSerdnce div tivel 4109 cineupoweheosshopeven, nene eamplex applications
are required, 8 the need still exists to create inductors using silicon as
a sebstyidties dapadihosecappiicatéonstitBepapproashsotalsbagpd Rase 1y
material other than silicon has proven to be too cunbersone while

compensated but there are limitations to even this approach.

These problems take on even greater urgency with the rapid

expansion of wireless applications such as portable telephones

and the like. Wireless communications is a rapidly expanding

market where the integration of RF integrated circuits is one of

the most important challenges. One of the approaches is to

significantly increase the frequency of operation to for instance

the range of 10 to 100 GHz. For such high freguencies, the values

of the quality factor obtained from silicon-based inductors are

significantly degraded. For applications in this frequency range,

monolithic inductors have beén researched using other than

silicon as the base for the creation of the inductors. Such

monolithic inductors have for instance been created using

sapphire or GaAs as a base. These inductors have a considerably

lower parasitic capacitance than their silicon counterparts and

therefore provide higher frequencies of resonance of the LC

circuit. Where however more complex applications are required,



as yet a technical challenge that needs to be addressed. The

~factor Qof an inductor can be described as follows: Q= Es/

is the energy that is stored in the reactive portion of the conponent
while El is the energy that is lost in the reactive portion of the
conploaented Theibet g stBe toqualelatr QMdJE%d¥§ﬂH¥¥H5,s£f¥%§ﬁcg§rathe
resistive value of the conponent approaches zero m?lle t he f?ctgrf?f t he
conpap C Lhfinihty. . T quality factor, for conponents differs
fron1tﬁ2£aE§FP?§§tE§§SFSEEE%E§F§}2§§Nt.h%iﬁ%ég%?%ﬂ iéfﬁﬁgﬁ%r%:faﬁﬁ; .

co uality factor serves as a nmeasure o e purity o
regﬁggﬁgég%oépﬁﬁg gh%@éﬁ%iﬁf@f 5t RE CEipdreit® W CHUERRE beneleghaded due
to parasitjics. In an actual configuration, there are always some physi cal
res?%fof%sFﬂﬁFemFFPS 8Ps8i Patd UPoker thér ebpadereast metheopawetothat can
be recovered. The quality factor Qis dinensionless. A Qvalue of greater
t haf®186SF si8oRsi YeFed VEFPPAICGR fodna ldissreettdhadurstdr sto that are nount ed
on the surface of Printed Gircuit Boards. For 9 2 9 NOV 2006 0O 5 NOV 2004
i ndu@tBresSefat formpart of an integrated circuit, the Qvalue is typically
in the range between about 3 and 10.

for instance GaAs as a nediumfor the creation of seniconduct?gbiﬁﬁgzg S is
EI r Es

The quality factor Q of an inductor can be described as
follows: Q = Es/El wherein Es is the energy that is stored in the
reactive portion of the component while El is the energy that is
lost in the reactive portion of the component. The better the
quality of the component, the closer the resisti?e value of the
component approaches zero while the Q factor of the component
approaches infinity. The quality factor for components differs
from the quality that is associated with filters or resonators.
For components, the quality factor serves as a measure of the
purity of the reactance (or the susceptance) of the component
which can be degraded due to parasitics. In an acfual
configuration, there are always some physical resistors that will
dissipate power thereby decreasing the power that can be
recovered. The quality factor Q is dimensionless. A Q@ value of
greater than 100 is considered very high for discrete inductors

that are mounted on the surface of Printed Circuit Boards. For



As has previously been stated, the self-resonance that is causgd ngtmmﬁ
parasitic capacitance between the (spiral) inductor and the underlying
substrate will limt the use of the inductor at high frequenci 85 NOV 2004
Furthernore, the | ower series spreading resistance associated with the
substrate, which is due to well and field inplantations, will degrade the

Q! apatcat ! keacl BdiGt e TN RS il fcda o ol on the wogtul0ess of
i

nmonolithic or integrate nductor that 1s | enented” on Si

subst, %E%ilyTEhSt%%f%%Hmﬁﬁﬁmﬁﬁqderqufk £ taf At ea underneath the
e

i nductor can to appear oca i nSu ing; which can be achieved
by for instance selectively renoving the underlying silicon resulting in
inductors that are suspended in air. Another approach, an approach that is
favored by the invention, is to increase the distance between the
hori zdit At2SpPrar i Pt BReR ShaBcEhe thil S -s@sbaca cevanathiich t he
inductor is created such as the surface of a silicon substrate. For a
bet £&SERAEYs CARIPAF 6f! titve daneTitianse donventih oniaé (st hods ohdaeeating a
horizontal spiral inductor. are first highlighted. 10 2 9 NOV 2006 0 5
NOva2004 heReheleriliyg nigors st gpuer paisiel t1ih gSthé au@ddot bené herguksoshown in
Fig. la atop view of a spiral inductor 12 conprising two and

at high frequencies. Furthermore, the lower series spreading

resistance associated with the substrate, which is due to well

and field implantations, will degrade the Q factor of the

inductor. This has a direct effect on'the usefulness of a

monolithic or integrated inductor that is implemented on silicon

substrates. This effect can be overcome if the area underneath

the inductor can be made to appear locally insulating, which can

be achieved by for instance selectively removing the underlying

silicon resulting in inductors that are suspended in air. Another

approach, an approach that is favored by the invention, is to

increase the distance between the horizontal spiral inductance

and the silicon surface over which the inductor is created such

as the surface of a silicon substrate.

For a better understanding of the invention, conventional

methods of creating a horizontal spiral inductor are first

highlighted.

10



is spiral i i 2006
a hal f | oops by way of exanple. This spiral inductor 12 is furtA&r NOV 20
hi ghl i ght eg i nyt heycross section of Fig. Ib where is shown a[]cﬁoN@VsZeggﬁl on
of a silicon substrate 10 in the surface of which a STl trench 20 has been
created for inproved separation between the inductor 12 and substrate 10.
A netallic shield 18 is created spaced between the inductor 12 and the.

subst maffedind) £OF derisOophupbber theguge t Hgoshggpmﬁ%@é %scgﬁg}%»@n”g

between the inductor 12 and the substrate support e netallic

hi ¢, d , I 14,;of, | heen .deposi te ver the. surface of
gubgirg%g'lgé I%g;%lbpuf’tl%gr CJ?SEBO tlbrganld lsne(%ua(f% Jfgln?o?OTEFl]élsf?l‘auEVBraTQ a

| ayer o] S hee eposi t.ed qQver the surface of the |ayer 14 of
IL)[/).g & gfsfl'f)b%{gglggnv}%@f e%xf?ee% Lo\ er QIE}HES %Qﬂr]?aajce”bql‘_“f%%rsh%sﬁsat_e 10 such
tha% t g in uc% r. %2 overlies the STl region 20. without extending beyond
t he 'érrP ?5gﬁéﬁ gé.g TRE T drih GO The ST igregrbrf 20- | 5o conveational |y
bet ween about 0.3 and 0.4tpm deep. The probl ens tha:t are encountered wth
t heSBOHUeRt FEREF RECHGA™ S cr edtliimpra $ord zontel 1&pin athé nsductaceover the
surface of a silicon substrate, as shown in cross section in Figs. la and
i b, "hAFBR BhPE&f 6FgNch1 29 RaNOW 206 r i NGO 200Mp r bad dies elept At 0bnt he STI
trench is limted and does not adequately

between the inductor 12 and substrate 10. A metallic shield 18 is

created spaced between the inductor 12 and the substrate 10 in

order to further reduce the electromagnetic coupling between the

inductor 12 and the substrate 10. Fors.support of the metallic

shield 18, a layer 14 of ILD has been deposited over the. surface
of substrate 10. For further support and separatibn of the
inductor 12 a layer 16 of IMD has been deposited over the surface
of the layer 14 of ILD. The STI region 20 extends over the
surface of the substrate 10 such that the inductor 12 overlies
the STI region 20.without extending beyond the STI region 20. The

trench of the STI region 20 is conventionally between about 0.3

and 0.4 pm deep.

The problems that are encountered with the conventional method
of creating a horizontal spiral inductor over the surface of a
silicon substrate, as shown in cross section in Figs. la and 1b,

are threefold:

11



contribute to the separation between the inductor 12 and the silicon of
the substrate 10 2. the netallic field plates 18 are not very ?ﬁ%ﬁﬁﬁfﬁﬁQ%n
‘providing shielding of the electronmagnetic field between the i 0

and the silicon substrate 10, and 3. conventional CMOS/ Bl CMOS rocess;s
have field inplantations wunderlying regions of STlI, which redﬁéeNDNeUU4
substrate resistivity underneath the inductor-and degrade inductor
coupling to the substrate. To counteract these problens, the invention

provi n t hod creating a spiral inductor over the surface of a
siﬁ%bgﬁis%§§§$%fg?gﬂﬁ(é?RqueqﬁﬂN%ﬁe%&mﬂ%ﬁ%eﬂnﬁndﬁéﬁaﬂptuéﬁﬁguaﬁhgy. 2

through 5. Shown in Fig. 2 is a cross section of a silicon substrate 30
over CRBLSAPHEEe t6F LR IF PR nakien 3 bfeen | Fltoniosideohas2been tdeposit ed.
Layer 32 of silicon nitride can alternatively be a conbination of silicon
di oxi @élafe@nsiofi ¢ve wiuhstdeteoro substrate 30, a high-resistivity silicon
is preferred by the invention since this increases resistance to the
pertet £hei ortefl lilee fiellettrlemagnels e fd ehsl i véoythersubsteatg 30 and
therefore reduces 12 2 9 NOV 2006 0O 5 NOV 2004 the el ectronagnetic |osses
that arevidivenisharaldinexrerdrNeetdyromagnetic field between the

inductor 12 and the silicon substrate 10, and

3. conventional CMOS/BICMOS processes have field implantations
underlying regions of STI, which reduce the substrate

resistivity underneath the inductor* and degrade inductor

coupling to the substrate.

To counteract these problems, the invention provides a new
method of creating a spiral inductor over the surface of a
silicon substrate, which will now be explained in detail using

Figs. 2 through 5.

Shown in Fig. 2 is a cross section of a silicbn substrate 30
over the surface of which a layer 32 of silicon oxide has been
deposited. Layer 32 of silicon nitride can alternatively be a
combination of silicon dibxide and silicon nitride. For substrate
30, a high—resistivitylsilicon is preferred by the invention
since this increases resistance to the penetration of the

electromagnetic field into the substrate 30 and therefore reduces

12



h a penetration. As an exanple of the creation of Layer 32 ofy iNd\e
zgfde E)Si 02) can be cited using nonosilane (SiH4) and nitrous oxi cﬂa ?R@O)
"as a source material deposited using LPCVD or PECVD procedures) 5aNO¥ 2004
tenperature between about 300 and 800 degrees C. The thickness of layer 32
of silicon oxide can be opti.mzed for particular applications, the

| R ESE L Ov Xo) f : I f si.licon oxide is
Eresmﬁ?eﬁel:ﬁ)ﬂlﬂ 3 and ?pin(fwﬁ%ﬂ ?’géy‘érgﬁ‘i g%ngigﬁit%g}ré_g&%éagclpsesrﬁ‘eeftceﬁat Yer ned
and Rirchehendtst NG genventi onal net hods of photolithography devel opment and
exposure. The patterning and etching of layer 32, the results of which are
shown in cross section in Fig. 3, is performed such that the layer 32 is
renmoved where this layer is not critical for the creation of an overlying
inductor, That is, where support for the inductor is required t__he_reby
i ncl udi A5 ¥ b BEIRTF t%fieetr%‘%c%%ea%hﬂ“tﬁé Laker BReoffapdn 132nofoxside con
oxide is not removed, the layer 32 of silicon oxide is renmoved in all
ar dad Qthefant Res C1ltgfensi@ondroncsduianed fdrHOha oy et o ofosard é nduct or
above the surface thereof. 13 2 9 NOV 2006 0 5 NOV 2004 The silicon
oxi(¥e0) agér a3zogarebmagectied lie appltyd g saim N BOYD 0pi cpReast i ve | on Etch
(RIE) of the silicon oxide |ayer :

procedures, at a temperature between about 300 and 800 degrees C.

The thickness of layer 32 of silicon oxide can be optimized for
particular applications, the preferred thickness of the invention

for the layer 32 of silicon oxide is Between about 3 and 4 pm.

The layer 32 of silicon oxide is next patterﬁed and etched,
using conventional methods of photolithography development and
exposure. The patterning and etching of layer 32, the results of
which.are shown in cross section in Fig. 3, is performed such
that the layer 32 is removed where this layer is not critical for
the creation of an overlying inductor. That is, where support for
the inductor is required thereby including processing tolerances
and the like, the layer 32 of silicon oxide is not removed, the
layer 32 of silicon oxide is removed in all areas where this

layer is not required for the creation of an inductor above the

surface thereof.
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32, using CHF3 or CF4-2-He as an etchant. The invenpion phen pr@@eﬁgv,me
Fig. 4, by selectively growing a layer 34 of epitaxial silicon in the
openings that have been created through the |ayer 32 of SI|ICﬁHSﬁ§bP$p@*
Epitaxial silicon is silicon that, as is well known in the art, i
crystal orientation controlled by the crystal substrate whereby the

t al | entat i L hbe skted (~pitaxial filmis determ ned by the
ryatal o antation of the BRaG 1ot 3" sPri EoRPStnEYY APELY TR & 34 of

epi.taxd id st _be fr f tal | ographic defects causing no
sff?iﬁgéﬂféﬁﬁéf%%éé%lﬁﬁ %rggFﬁe(gﬁéﬁepfeﬁgﬁh§éQﬁ§§§ oridgydravex of
si ljcon_oxi de s been indicated as being between about 3 and 4 pm the
pre%érﬁgﬁj“{ﬁﬁgﬁhé§é(3%_pay%? 33 8 eprhartal silicon is a thickness of at
least 3 pm The cross section that is shown in Fig. 5 ShOMB_hOM/the
invention further conpletes the creation of a horizontal spiral inductor.
Added to the structure that is shown in cross section in Fig. 4 are the
| ayer§h8eiarenstra toeel phicslesctisi Fild LD), and seaﬁeai\»@;;ergi\@wh?%el ectric
(IMD). 14 2 9 NOV 2006 0O 5 NOv 2004 A typical app!lcatlpn_of a [ayer of
| ntleyerevied aff edpeictakical ssitleposi thngha baxarnghk $HA2 wsiRg LGV t echnol ogy
at a tenperature

created through the layer 32 of silicon oxide. Epitaxial silicon

is silicon that, as is well known in the art, has its crystal

orientation controlled by the crystal substrate whereby the

crystal orientation of the deposited dpitaxial film is determined

by the crystal orientation of the underlying silicon substrate.

Layer 34 of epitaxial silicon must be free of crystallographic

defects causing no stress in the layer 34.

Where the preferred thickness of layer 32 of silicon oxide has
been indicated as being between about 3 and 4 pm, the preferred

thickness of layer 33 of epitaxial silicon is a thickness of at

least 3 uym.

The cross section that is shown in Fig. 5 shows how the
invention further completes the creation of a horizontal spiral
inductor. Added to the structure that is shown in cross section

in Fig. 4 are the layers 36 of Intra Level Dielectric (ILD) and

38 of Inter Metal Dielectric (IMD) .
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6 of ILDis deposited
t ween about 400 and 800 degrees C. The | ayer 3

?1; get hi ckness that is design dependent and can range bet vveerigamﬁ{qﬁgtpf
‘about 4,000 Angstrom and 10,000 Angstrom The |ayer 36 is, after | as

been deposited, polished using CW technol _og%/ in o[ glerditgl 2?;5:?%%4
ity of the surface of layer 36. An inter ne _

nggﬁr:sypreferably formed of plasma oxide, spin-on-glass or LPCVDbgélde

material and specifically has a thickness of between 5,000 and 15,

- be deposjted as shown in cross
r
éggf}ggﬂ?r?&&irag.r a?ﬂ?%tﬁ%éﬁg{ko%%]o |e§r tchtgnnh(l: ]g%t GUOvef i ehB8CtEHEf 466 of the

' i .0 MD, HSi conventjonal methods of netal deposition,
Eggﬁg?%?%ghgﬁga;{%¥%%B?PA§9§?f%ﬁ%%%ré%%ei?%Tnoégﬁécﬁtoﬁ thepemaemticon i t

' [ [ [ i nductor 40
he 0SS .S ion of Fig. 5 that the coils of in
al %fnq%%ﬁdég;?&etl%@%t%ﬁd gﬁévﬁeﬂﬁ@eﬁaﬁter Rag éﬁd\;\ehg @Hiﬁefbhﬂeaiy% 31(:%”02 -
il oxi de. The  thickness of the |ayer 32 over ic
ilrledaegpgon * per‘gvtr%lea adt T Fonss Shati hy desneendepenidedictor 4Qranddfe 15 2 9
2006 0 5 NOV 2004 substrate 30 and provides therefore a design
par&etEs & izl et broopt i fi 2ed AngsopbhmuALPED|, QDTRAGE <@f Jihe Jfiduct or
at sel ected
layer 36 is, after it has been deposited, polished using CMP

technology in order to assure good planarity of the surface of

layer 36.

An inter metal dielectric (IMD) layer 1is preferably formed of
plasma oxide, spin-on-glass or LPCVD oxide material. and
specifically has a thickness of between 5,000 and 15,000

Angstrom.

After layers 36 and 38 have been deposited as shown in cross
section in Fig. 5, the inductor 40 is then created over the
surface of the upper laYer 38 1f IMD, using convenfional methods
of.metal deposition, patterning and etching. As a further special
aspect of the invention it must be noted in the cross section of
Fig. 5 that the coils of inductor 40 align with and are located
above the patterned and etched layers 32 of silicor oxide. The
thickness of the layer 32 over which the inductor 40 is Created

provide additional spacing between the inductor 40 and the
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frequenci es of operation thereof. The invention can be sumuarizgd as
folﬂoms: t he adgition of oxide layer (32) underneath the |nduc§£rNOV 2006
‘selectively maintains a high resistivity substrate underneagﬁs NQ@_AW

i nductor, which enhances el ectromagnetic de-coupling between™t ctor
and the substrate; substrate resistivity wunderneath regions of STl and

ot haib s g ®AS3@rendebabiyaby Lawr the n%e@esgl n%beamé%egelqulates t hat

are conventionally wused for increased shi el Stween & hotd zomt'a

d I trat er ch the inductor is
I L LS S

surfac t he §ubstra%e ovg&ﬁmhlch a horizontal spiral inductor is

renbve ex%?% Lpaf e F&°Pr 6VF8EG Tbet ween a hori zontal spiral inductor

and the surface of the silicon substrate over which the horizontal spiral
i nductor is created the thickness of the extra spacing that is provided
between a_ horizontal spiral inductor and the surface of the silicon
subst F&€e 1GVENBARINCIF A ehsrimrot atedpis afol hdustor is created 16 2 9 NOV
2006 0 5 NOV 2004 can be adjusted, providing a design paraneters that

al lowshkokeddition of oxide layer (32) underneath the inductor

selectively maintains a high resistivity substrate underneath
the inductor, which enhances electromagnetic de-coupling
between the inductor and the substrate; substrate resistivity
underneath regions of 3TI and other’ regions are relatively low
®* the need for metallic field plates that are conventionally
used for increased shielding between a horizontal spiral
inductor and the silicon substrate over which the inductor is

created is eliminated

the need for the creation of an STI region in the surface of

the substrate over which a horizontal spiral inductor is

removed

extra spacing is provided between a horizontal spiral inductor
and the surface of the silicon substrate over which the

horizontal spiral inductor is created

the thickness of the extra spacing that is provided between a
horizontal spiral inductor and the surface of the silicon

substrate over which the horizontal spiral inductor is created

16



t he adj ustnent of optinmum perfornmance of the created |nductor_2 INGY 2008
selectgd RF frequengy of frequency range, and the extra spaggggNgggémLs
‘provided between a horizontal spiral inductor and the surfadedo h
silicon substrate over which the horizontal spiral inductor is created
provi des excellent electronmagnetic decoupling between the horizontal

spira&ahnﬂéCé@gugeédth%rBQ@%&hﬁi%9 '§fd%”b§¥§ﬁ%{E¥$2ﬁﬁ§%29§9h th

i nventi on has been described and illustrate %S shREi fic

. . : ; . . . be
i t t h of, i i S not tendeq that_the i nvention
:!Lff%g@t%M?ﬁggggqFrﬁgs?P§€?§§ %&flﬁﬁﬁ1%§ oSt K9t i ndnetart will

i Lat | ifi i i departing
co y4 r,at and nodi fi cati ons can be nade mﬁthoup
;fon?$%e§s%%??%t%§ Fﬁekgﬁégﬁ anp%:gﬁ%ﬂ%ﬂﬂﬁ%ﬁ%ﬁﬁgﬁmﬁﬁﬁﬁed to include

i hin the invention all such variations and nodifications mhlch f al
m t'hi’hh‘?h%xgéapépefslﬂﬁetaaﬁeﬂae@r@vajdesi heertal eesguiav aleenit sori ther e9fi rd7 2 9
NOV 2006 0O 5 NOV 2004 What is clained is: 1. A nethod of reducing
subst%%@@cé@npﬁhﬁgthgrSanfbnduoﬁomhansﬂﬁﬁﬂbdﬂéﬂbéﬂkéé%UJ¢E¥3&Hi@hh'gh_
resistivity substrate, conprising the steps of: providing a substrate;

the horizontal spiral inductor is created provides excellent

electromagnetic decoupling between the horizontal spiral

inductor and the underlying silicon substrate.

Aléhough the invention has been described and illustrated
with reference to specific illustrative embodiments thereof, it
is not intended that the invenfion be limited to those
illustrative embodiments. Those skilled in the art will recognize

that variations and modifications can be made without departing

from the spirit of the invention. It is therefore intended to

include within the invention all such variations and

modifications which fall within the scope of the appended claims

and equivalents thereof.
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depositing a first layer of dielectric over the surface of sa?? MS? te;
patterning and etching said first |ayer of dielectric, creati n'ﬂ@s

“through said first layer of dielectric, further <creating a t @R
first dielectric overlying said substrate and being ali gnedm\?\nstﬁcj%o%ﬂb% of
a thereover to be created inductor; filling said openings created through
saihf i St ] aygLy0fs.dielectric with epitaxial silicon; depositing a second
| ayer of dielectric over the surface of said pattern of first dielectric,

t her eby_ i di.npg e surfac of ,said filling of epitaxial silicon;
dggbs;?tr?éngﬁ%alth?ragiga%?gofsu PEFEEET IFOVRIeR % %é’rslfr’T aceHttosai d second

Iaé/ éaggddé§é§cé i C; a?d cre%ti ng .a horizontal spiral inductor over the
surface of °Vehi G EhFPETPEFePfof AidledESic iy thhe Yhtthotbof claim 1, said
pattern of first dielectric overlying said substrate being in alignnment
wi SR $ 509 tR&i ater8 2f9 NOv 2006 0 5 NOV 2004 inductor created in a
Cartesian X-direction, said pattern of first dielectric in addition being
in aligrentdimghacebbstoktesaid i nductor created in a Cartesian
Y-direction, said Cartesian
depositing a first layer of dielectric over the surface of
said substrate;
patterning and etching said first layer of dielectric,
creating openings through said first layer of dielectric, further
creating a pattern of first dielectrioc-overlying said substrate
and being aligned with coils of a thereover to be created
inductor;

filling said openings created through said first layer of
dielectric with epitaxial silicon;

depositing a second layer of dielectric over the surface of
said péttern of first dielectric, thereby including the surface
of said filling of epitaxial silicon;

depositing a third layer of diélectric over the surface of

said second layer of dielectric; and

creating a horizontal spiral inductor over the surface of

said third layer of dielectric.

2. The method of claim 1, said pattern of first dielectric

overlying said substrate being in alignment with coils of said

18



X-direction intersecting said Cartesian Y-direction under an 2&hm0y @806 _
about 90 degrees. 3. The nethod of claim1l, said second |ayer goé S@\glzﬁﬁ rhc
"conprising an Intra Level Dielectric. 4. The nmet hod of claim o o drOf
| ayer of dielectric conprising an Inter Metal Dielectric. 5 The ne 6o .
claim1l, said first layer of dielectric conprising silicon dioxide. 6. e

. . . g hy . i ckneses
hddcobrctatatbd sai d shkiean QIQXHQ%eQ%'Qﬁhd%£1§Jt§§¥ 0., 8,4 hi cknes
gg%mee% anut 3 and 4 pm 7. Thg met hod ofJbIa|n1%' aléaéﬁ?f%X|al silicon

: : s Lekr . . A \ duci ng
ngsdepositedritoia bRLekNBSS ofi APl 3 iRIPnS: A B hod of re
gﬁist?gtg ioﬁplfhg for an inductor coreated over & KE QUrfdce o a

LSi he_ste f. . providing a substrate; 19 2 9 NOV 2006
0 8NV 00 Repes {Tho A eyl GF N Co e qvero G Surfae of

' ' t1 i nd etching said |layer of silicon dioxide,
'i?%g??ﬁ%é%%gﬁs%aggfﬁgég%ﬁgsg?ddlgﬁéFe ady €9 editeydrdeindan tarer  creati ng

a pattern_of siLi @n di oxi de overlying said substrate and being aligned
vm%@ﬁ it VPCAtt Rird8YErefo be created

3. The method of claim 1, said second layer of dielectric

comprising an Intra Level Dielectric.

4. The method of claim 1, said third layer of dielectric

comprising an Inter Metal Dielectric.

5. The method of claim 1, said first layer of dielectric

comprising silicon dioxide.

6. The method of claim 5, said silicon dioxide being deposited to

a thickness between about 3 and 4 um.

7. The method of claim 1, said epitaxial silicon being deposited

to a thickness of about 3 pm.

8. A method of reducing substrate coupling for an inductor
Created over the surface of a substrate, comprising the steps of:

providing a substrate;
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inductor; filling said openings created through said |ayer of 2s§IN®or2006

di oxi de with epi '?axi al silicon; depositing a second |ayer of Iﬁlcw rmg‘
over the surface of said pattern of silicon dioxide, thereby”i di'ng the
surface of said filling of epitaxial silicon; depositing a third layer of
di el ectric over the surface of said second |ayer of dielectric; and

i ik zant al Irale inductor over. the surface of _said third |ayer
81[ eg}lelng?: ??gE&éB %’héa?{\%trhgﬁ 6 cilcJ1c<'§13|nm ,oxsleﬂ[ed Patt eﬁhe of st 352 ot di oxi de

i i bstrate being in alignment with coils of said inductor
g\rlgé%%:jglgﬁggk%g%?esi an X-di regti on, said pattern of silicon dioxide in
~addi tion Q Egﬁ}l n alignnment. wwth coils of said inductor created in a

Cart esi 8n B8t PBA, eL&Nd "Gardd difver difr et ioren rdiexieei ng sai d 2008
Cartesian Y-direction under an angle of about 90 degrees. 20 2 9 NOV :
0 8" RO-2804PRHNIFhENFEIREd Sofi o Haiva8, o fs i id- isewomit ¢ ey, of udileéectric |
conprising an Intra Level Dielectri c. 11. The rrpjt hod of claim8, said thir
| a§EF2bENE| 8] BetFPEn efnprildiceg ahidnitder dvetrlyBiel €ctd i Substrate
and being aligned with coils of a thereover to be created
inductor;
filling said openings created through said layer of silicon
dioxide with epitaxial silicon;
depositing a second layer of dielectric over the surface of
said pattern of silicon dioxide, thereby including the surface of
said filling of epitaxial silicon;

depositing a third layer of dielectric over the surface of

said second layer of dielectric; and

creating a horizontal spiral inductor over the surface of

said third layer of dielectric.

9. The method of claim 8, said pattern of silicon dioxide
overlying said substrate being in aiignment with coils of said
inductor created in a Cartesian X-direction, said pattern of
silicon dioxide in addition being in alignment with coils of said
inductor created in a Cartesian Y-direction, said Cartesian X-
direction intersecting said Cartesian Y-direction under an angle

of about 90 degrees.
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12. The method of claim@8, said |layer of silicon dioxide beingzaj s 2808d
‘to a thickness between about 3 and 4 pm 13. The nethod of cl ailrbsN0¥ 24084
epitaxial silicon being deposited to a thickness of about 3 pm 14. A
met hod of reducing substrate coupling for an inductor created over the
surface of a substrate, conprising the steps of: providing a substrate;
depositing a layer of silicon dioxide over the surface of said substrate;

patterning and etching said |layer of silicon dioxide, creating openings
t hridugiTreaink diayero of e s L hcon di oxi further creating a pattern of
silicon dioxi de overlying said suﬁsggg 38 gﬁHeBePﬁg%éﬁﬁﬁﬁ&i%ﬁth coils of a

t heyRMars ity g, of i nductor; 21.2 9 NOV 2006 0O 5 NOV 2004 filling
saiéﬂ%benfﬁgg cree{f%'I t ?%%ghﬁé%;%cgﬁ§8r of silicon dioxide with epitaxial

silicon; depositing a layer of Intra Level Dielectric over the surface of

said pattern of silicon dioxide, thereby including the surface of said

filling,of epitaxial silicon;, depositing a third |layer of dielectric over
Frgeaego

t hé 'sur A'd Setghc | ayerd othilrel Bayercopfaadelectric

comprising an Inter Metal Dielectric.

12. The method of claim 8, said layer of silicon dioxide being
deposited to a thickness between about 3 and 4 um.

13. The method of claim 8, said epitaxial silicon being deposited

to a thickness of about 3 pm.

14. A method of reducing substrate coupling for an inductor
created over the surface of a substrate, comprising the steps of:

providing a substrate;

depositihg a layer of silicon dioxide over the surface of
said substrate;

patterning and etching said layer of silicon dioxide,
Ccreating qpenings through said layer of silicon dioxide, further

Creating a pattern of silicon dioxide overlying said substrate

and being aligned with coils of a thereover to be created

inductor;
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creating a horizontal spiral inductor over the surface of sai d2thiNOY Pélger
of dielectric. 15. The nethod of claim 14, said pattern of sili8dn NO2ige
overlying said substrate being in alignment with coils of said inductor
created in a Cartesian X-direction, said pattern of silicon dioxide in
addition being in alignnment with coils of said inductor created in a

Cart esi & 1Y-idid efdi ONop S i i [ecLi int ersecting .said
Cartesian Y-direction %nde‘%%%ﬁ%’f%@ 0 rgggﬁt Eéggdgal}/gésfﬁléﬁ?ﬁ@%t hod

of GladiMel4si tsaidhthifd { lej;ig{mdi electric conprising an Inter Metal
Dielectric. 17. The method of ¢laim 14, said |laver of silicon dioxide being

deposi t tQ .a.thickness bet n about 3 and 4 um 22 2 9 NOV 2006 0O 5 NOV
2004 1%.%%%@%71& oadmo%yecﬁ acf%l\fﬁrhtfr%a%lv%bi bagiartsiFi evarbsihrg deposited to

a ts@irgén%s% f abput 3 pm 19. A nethod of reducing substrate coupling for
an “i nauctor & Ve thle Stk faer @ionidabstharebyconpilivsiing the steps
of : é%rovi ditn% a substrate; depositing a |ayer of silicon dioxide over the
surf&c¢é St Clsaitd S uistridte; o haar Erai hyl antiletehing said | ayer of silicon
di oxi de, o .
depositing a third layer of dielectric over the surface of
said second layer 5f dielectric; and

creating a horizontal spiral inductor over the surface of

said third layer of dielectric.

15. The method of claim 14, said pattern of silicon dioxide
overlying said substrate being\in alignment with cbils of said
inductor created in a Cartesian X-direction, said pattern of
silicon dioxide in addition being in alignment with coils of said
inductor created in a Cartesian Y-direction, said Cartesian X-
direction intersecting said Cartesian Y-direction under an angle

of about 90 degrees.

16. The method of claim 14, said third layer of dielectric

comprising an Inter Metal Dielectric.

17. The method of claim 14, said layer of silicon dioxide being

deposited to a thickness between about 3 and 4 um.
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[ il I oxi NQY 406 ng

[ ni ngs through said | ayer oC silicon dioxide, furt_k?eg
;r Sguggnogf Si Igi con di gxi de overlying said substrate and be![hﬁ NOVaz08Y
Wwith coils of a thereover to be created ~inductor; filling said ?)_penl ngs
created through said layer of silicon dioxide with epitaxial si fl co_nEjl
depositing a layer of Intra Level Dielectric over the surface of ds?! d
pattier iTl? methednodi okede, 1thesahyl iepaltudiing the i & face, of sai i r tﬁe
of epitaxial silicon; depositing a |layer of Inter Metal Dielectric ove

surdewes bfedaid & ayet cRhekBt Fa b%%f@l't B %grﬁfthlrlrg | g;ceircgfeag: ggegt :1i02| zggt gl .
i i or over the surface o sai _ ( . 23
ilgl\/rgi)ogndgcg NOVv 2004 20. The nethod of cl aim19, sai d pattern of ;l(jl i con

di oxi de overlying said substrate being in alignnent with coils of sai

[ } I -direction, said pattern of silicon
:jlngl;?:;g( i%%f??%ﬂrﬁ%?ﬁékgﬁggpfgﬁﬁéﬁt C\ﬁiupﬁl&?i IForofNsdinfugtiuct or creat ed

ha . : : : . o , . ting said
ardes Yedhregtion, said Cartesian X- direction intersec
IC:Iequ?:esi aén@Yé‘g%]rr e%}'?éf o%uﬁn%l(é? an angHestof taho OO0 igdgreddie 2iterFheo fret hod
of
tr

[ i il i oxi de bein
of clai @Qogriéfﬁgéaé’gés agé!_lcon di ox g

depositing a layer of silicon dioxide over the surface of
said substrate;

patterning and etching said layer of silicon dioxide,
Creating openings through said layer o€ silicon dioxide, further
creating a pattern of silicon dioxide overlying said substrate
and being aligned with coils of a thereover to be éreated

inductor;

filling said openings created through said layer of silicon
dioxide with epitaxial silicon;
depositing a layer of Intra Level Dielectric over the

surface of said pattern of silicon dioxide, thereby including the

surface of said filling of epitaxial silicon;

depositing a layer of Inter Metal Dielectric over the

surface of said layer of Intra Level Dielectric; and

creating a horizontal spiral inductor over the surface of

said third layer of dielectric.
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3N
deposited to a thickness between about.3 and 4 pm 22. The net hod2 of Q\f Jﬂ{]ﬁ

i i i ili i i hi ckness of aﬁ)(!‘JUIN PO0Y
d epitaxial silicon being deposited to a thi
%g ,SAalmet hgd of reducing substrate coupling for an inductor created over
thé surface of a substrate, conprising the steps of: providi Pg a ¢ eaid
substrate; depositing a layer of silicon dioxide over the surface o

i hi 1,0XI i i t hi ckness
' er i gl hcon . dioxi being deposited to .a thi
Egﬁgﬁm?boﬁ?tgogﬁaa?fg%ﬁpa?fergﬁ?r?gégngeertnc |gfng’ o é%ﬂé?“d?e silicon

I o i i i -Qugh sai.d | ayer of. _j5i l'icon dioxide, further
glrgﬁgylarc%gﬁtggsg@gg%gggoégéggxﬁ&a&\}&n g Yedild &iblst raff es@2id 2 9 NOV

. . . , be
N 4 d_being aligned with coils of a thereover to
g?gg}tde%t?)nducﬁ%%)t?edfﬁ?l?ngagg?alé e Ag< e6téned sehcougtt tsaird d@yer of

¢ M L. |
i, i . . al silicon; depositing a Iaygr pf Intra Leve
Di Lig%’%?ng'qg%%gfq%“e{r?sg ‘%‘thgééﬁfbgéna pat BérRnoErsi hiicon o i é& éa_hj?ﬁ eby

. A . . o _ ing a
i [ surface of said filling of epitaxial silicon; deposi
| gf%lé’%&%%{]%e%%iru el eertpeiover -theecsibhaceaak sairddaysr of Intra
Level Dielectric, and _ . _ .

direction intersecting said Cartesian Y-direction under an angle

of about 90 degrees.

21. The method of claim 19, said layer of silicon dioxide being

deposited to a thickness between abouts-3 and 4 pm.

22. The method of claim 19, said epitaxial silicon being

deposited to a thickness of about 3 pym.

1

23. A method of reducing substrate coupling for an inductor

Created over the surface of a substrate, comprising the steps of:

providing a substrate;

depositing. a layer_of silicon dioxide over the surface of

said substrate, said layer of silicon dioxide being deposited to

@ thickness between about 3 and 4 pm;
patterning and etching said layer of silicon dioxide,
Creating openings throUgh said layer of silicon dioxide,

further

creating a pattern of silicon dioxide overlying said substrate
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of dielectric. 24. The nethod of claim 23, said pattern of si i de
overlying said substrate being in alignnent with coils of sai BYu204r
created in a Cartesian X-direction, said pattern of silicon dioxide in
addition being in alignnment with coils of said inductor created in a
Carareditogiyg di I eghé@nyi R o Cast 881 N+ e di tion. intersecting said
Cartesian Y-direction under an angle oFragggg 56 5§bf§§§¢*¥§. The net hod
of iclduen@3; said epitaxial silicon being deposited to a thickness of
about 3 pm 25 2 9 NOV 2006 0O 5 NOV 2004 26. A nethod of reducing
substrate coupl i ng; §o .1nhductor created over the surface of a substrate,
conpri sing the steps %??Hl%?%v?ﬁ?ﬂbeﬁ 50psteht 6aidepayieri md @ illayern of
sildicom g qxide over the surface of said substrate, said |ayer of silicon
di oxi de bei ng dé%%%%?%kﬁ%cfl%ﬁ?ﬂ?tkness bet ween about 3 and 4 pm

patterni et chi said |l ayer of silicon dioxide, creating openings
through%gﬁéyﬁtﬁﬂﬁ ?ﬁ¥%ﬁ?7c%% Pokd deevelr Phelectreat brgratpat t ern of
singgyggg Qg'de,overlying said substrate and being aligned with coils of a
thereover {0 b ¢t dit'drn of silicon dioxide, thereby including the

creating a horizontal spiral inductor over the surface of sa'qkhbbr? | ayer
i d¢h
5N

surface of said filling of epitaxial silicon:

depositing a layer of Inter Metal Dielectric over the

surface of said layer of Intra Level Dielectric; and

creating a horizontal spiral induttor over the surface of

said third layer of dielectric.

24. The method of claim 23, said pattern of silicon dioxide

overlying said substrate being in alignment with coils of said
inductor created in a Cartesian X—-direction, said pattern of
silicon dioxide in addition'being in alignment with coils of said

i . . )
nductor created in a Cartesian Y-direction, said Cartesian X-

directi i | i i i
tion intersecting said Cartesian Y-direction under an angle

of about 90 degrees.

25. The method of claim 23, said epitaxial silicon being

deposited to a thickness of about 3 pm.
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patterning and etching said layer of silicon dioxide,
Creating openings through said layer of silicon dioxide, further
Creating a pattern of silicon dioxide overlying said substrate

and being aligned with coils of a thereover to be created

inductor;

filling said openings created through said la?er of silicon
dioxide with epitaxial silicon, said epitaxial silicon being
deposited to a thickness of about 3 um;

depositing a layer of Intra Level Dielectric over the
surface of said pattern bf silicon dioxide, thereby including the
surface of said filling of epitaxial silicon;

depositing a layer of Inter Metal Dielectric dver the
surface of said layer of Intra Level Dielectric; and

Creating a horizontal spiral inductor over the surface of

said third layer of dielectric.

27. The method of claim 26, said pattern of silicon dioxide

overlying said substrate being in alignment with coils of said
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28.

A method of reducing substrate coupling for an inductor

Created over the surface of a substrate, comprising the steps of:

providing a substrate;

depositing a layer of silicon diokide over the surface of

said substrate, said layer of silicon dioxide being deposited to

a thickness between about 3 and 4 rm;
patterning and etching said layer of silicon dioxide,

Creating openings through saig layer of silicon dioxide, further

Creating a pattern of silicon dioxide overlying said substrate
and being aligned with coils of a thereover to be created

inductor, said pattern of silicon dioxide overlying said

Ssubstrate being in alignment with coils of said inductor created

in a Cartesian X-direction, said pattern of silicon dioxide in

addition being in alignmeht with coils of said inductor created

in a Cartesian Y—direction, said Cartesian X-direction

intersecting said Cartesian Y-direction under an angle of about

90 degrees:;
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surface of said filling of epitaxial silicon;

depositing a layer of Inter Metal Dielectric over the

surface of said layer of Intra Level Dielectric; and

creating a horizontal spiral inductor over the surface of

said third layer of dielectric. .

29. A method of reducing substrate coupling for aﬁ inductor
Created over the'surface of.a substrate, comprising the steps of:
providing a substrate;

depositing a first layer of dielectric over the surface of

said substrate;

patterning and etching said first layer of dielectric,
Creating at least one bpening through said first léyer of
dielectric, further creating a pattern of said first layer of
~dielectric overlying said substrate and being aligned with and
underlying coils of a thereover to be created inductor;

filling said at least one opening created through said first

layer of diele;tric with epitaxial silicon;
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[ [ I stivi f the substrate is
. The nmethod of claim1, where a high resistivity o
gglectively mai nt ai ned underneath an inductor surface area byzd}éﬂhhﬂump
Call inmpurity inplantations from penetrating into the surface @ wWﬁng
substrate, whereby said first layer of dielectric serves as a hardnask,

t hereby reducing substrate coupling. 29
depositing at least one second layer of dielectric over the
surface of said pattern of said first layer of dielectric,
" thereby including the surface of said filling of epitaxial

silicon; and

Creating an inductor over. the surface of said at least one

second layer of dielectric.

30. The method of claim 1, where a high resistivity of the
substrate is selectively maintained underneath an inductor
surface area by preventing all impurity implantations from
penetrating into the surface of the substrate, whereby said first

layer of dielectric serves as a hardmask, thereby reducing

substrate coupling.
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